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KOMNIKOCIe

C O M M UNICATI ON:S

Vizeny citatel,

vo vSeobecnosti sa pod krizovym riadenim, resp. pod krizovym manaZmentom rozumie rieSenie roz-
manitych neZiaducich javov. Z obsahového hladiska moZeme krizové riadenie vnimat ako jednu z foriem
tedrie riadenia, ktord sa uplatiiuje pri usmernovani a rieSeni mimoriadnych situdcii.

Krizovy manaZment predstavuje siibor opatreni a iiloh, ktoré plni verejna sprdava pri neocakdvanych
prirodnych a spolocenskych situdcidch, pri vseobecnom ohrozeni a pri zaisteni ochrany a bezpecnosti oby-
vatelstva a majetku. Podnikatelské subjekty uplatriujii zdsady rizikového a krizového riadenia pri zabez-
pecovani svojich podnikatelskych cielov a ochrane svojich aktiv.

Fakulta Specidlneho inZinierstva Zilinskej univerzity rozvija odbory krizového manazmentu vo vet-
kych formdch studia a vo viacerych Studijnych Specializdacidch a zameraniach. Velmi vyznamnymi si
Jakultou kaZdorocne organizované vedecké konferencie s medzindrodnou ticastou, ktoré sii venované proble-
matike rieSenia krizovych situdcii v Specifickych prostrediach. V tomto roku v poradi uz na siedmej kon-
ferencii sa ziicastnilo dvestosedem osobnosti z piatich Stdtov a bolo prednesenych stotridsattri odbornych
referdton.

Redakcia ndsho casopisu oslovila domdcich i zahranicnych odbornikov zaoberajiicich sa krizovym
manazmentom a poziadala ich, aby vypracovali niektoré z aktudlnych otdzok na uverejnenie. Vysledkom
tejto vyzvy si recenzované prispevky, ktoré ponitkame Citatelom v tomto vydani.

Dear readers,

Crisis control (crisis management) in general is solution to various unwanted effects. Crisis control
can be understood from the content point of view as one form of control theory which is enforced at
guiding and solving emergencies.

Crisis management represents a complex of measures and tasks which public administration per-
forms at unexpected nature and social situations, at common threat and at securing protection and secu-
rity of people and property. Enterprise subjects implement principles of risk and crisis control at securing
their enterprising goals and protecting their assets.

The Faculty of Special Engineering, University of Zilina developes crisis management branches of
study in all study branches and in several study specializations. Annually by our faculty organised
scientific conferences with international participation aimed at problem of crisis situations solution in
specific conditions are really important. In this year, 207 personalities from 5 states participated in the
7th conference and there were 133 scientific contributions presented.

The editorial board of our scientific letters addressed some Slovak and foreign experts who deal with
crisis management and asked them to prepare some topical questions for publication. Reviewed contri-
butions which we are offering our readers in this volume are the results of this challenge.

Pavel Poledndk
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KVANTIFIKACIA RIZIK

RISKS QUANTIFICATION

Riziko je sprievodnym javom kaZdej ludskej cinnosti, kazdej spo-
locenskej existencie, kazdého bytia. Riziko nevznikd ndhodne, ale je
siicastou neistoty a neurcitosti, s ktorou kazdd bytostnd existencia je
spojend. Kazdy sam posudi, aky vplyv md riziko na jeho vlastné
konanie a akd je v danej chvili jeho vyznamnost. Pravda, ¢lovek Zije
v istom spolocenskom i prirodnom prostredi, ktoré tiez obsahujii rizi-
kové prvky. Preto je iicelné stanovit isté pravidlda, ako mozno rizikd
ocenit. V tomto prispevku sa popisuju niektoré z moznych rieseni.

1. Podmienky pre kvantifikaciu rizik

Clovek svoje konanie nemoze vykonavat iba v prostredi istoty,
pretoze istota sa moze dosiahnut iba za predpokladu, Ze vysledok
Iudskej cinnosti je jednoznaény, Ze nejestvuje nijaké iné alterna-
tivne rieSenie, pre ktoré by sa musel ¢lovek rozhodovat. Ak clovek
kona, kona vzdy pod vplyvom istych okolnosti. Pochopitel'ne usiluje
o to, aby jeho konanie malo nielen zmysel, ale aby viedlo k ocaka-
vanému vysledku a to ¢o mozno bez najmensSich prekazok. Svoje
usilie o vysledok vedome €i podvedome podriaduje istym zasadam
pri¢innosti, kauzality s tym imyslom, aby sa vyhol pripadnym ciast-
kovym netspechom a dosiahol svoj ciel racionalnym spdsobom.
Cielové konanie nie je vSak vzdy priamociare, je spojené s prekaz-
kami, neznalostami o buducnosti, alebo i nedostato¢nym ovlada-
nim ¢i prispdsobenim sa prostrediu, v ktorom Clovek svoje aktivity
vykonava.

Riziko suvisi tak s objektivnou realitou ako aj so subjektivnym
konanim. Clovek Zije v istom Zivotnom prostredi, ktoré je dané
prirodnymi i spolocenskymi podmienkami. Pravda, tieto podmienky
moze Clovek istym sposobom ovplyviiovat, ale jeho bezprostredny
vplyv na prostredie je velmi obmedzeny. Clovek si nemdze vytvorit
vlastny svet, ktory by zodpovedal jeho idealom, ale musi sa pod-
riadif podmienkam, v ktorych Zije a pdsobi. Na druhej strane vSak
Clovek je z existencnych dovodov povinny konat v danom prostredi.
Kedze prostredie neovlada, kona v iom s istou mierou neurcitosti,
neistoty a nepozna dopredu, aky vysledok jeho aktivity dosiahnu.
Takato neurcitost je zdrojom rizika z dosiahnutel'ného vysledku.

Ludské konanie sa viaze vzdy na konkrétnu ¢innost a konkrétne
prostredie. Jeho Cinnost je vzdy spojena s istou mierou rizika.

* Prof. Jan Mikolaj, DrSc.

Risk is an inherent phenomenon of every human activity, of every
social existence, of every human being. Risk is not coming into exis-
tence accidentally but is a part of incertitude and uncertainty that
each entity is coupled with. Everybody shall judge what kind of influ-
ence has an occurring risk on his own action and what is its signifi-
cance in a given while. In fact, human being lives in certain social
and natural environment which also contains danger fragments. There-
fore, it advisable to determine some rules how to evaluate possible risk
situations. In this article some of possible solutions are interpreted.

1. Prerequisites for risks quantification

Man cannot perform his own activity only in the environment
of certainty since a certainty can be reached only under such
assumption that a result of human activity is unique and that any
other positive alternative solution does not exist. When man acts,
he acts always under influence of certain circumstances. Naturally,
man endeavours to act in such a way that his actions have not only
significance but also lead without whatever possible obstacles to
an expected result. Man wittingly or unconsciously subordinates
his effort to reach an outcome under condition of causality in order
to evade a possible partial rebuff and to reach the aim in a ratio-
nal way. The aiming result is not always reached straightforwardly.
To reach a required result is always connected with obstacles, with
non-acquaintance of the future, or even with insufficient command
or with insufficient adaptability to the real environment in which
man executes his own activities.

The risk relates to objective reality as well as to subjective
activity. Man is living in the specific living environment that is
given by natural and social conditions. Man can in some way influ-
ence these conditions but his direct impact on the environment is
very limited. Man cannot create his own world that would respond
to his ideals but he has to subordinate himself to the conditions
he lives with. On the other hand, man needs to act in the given
environment due to the reasons of existence. Since man does not
manage the environment he acts in it with some rate of uncertainty,
incertitude and does not know in advance what kind of result his
activities can achieve. This kind of uncertainty is a source of risk
from accessibility of the result.

Faculty of Special Engineering, University of Zilina, 1. maja 32, 01026 Zilina, Slovakia
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Riziko ako miera neurcitosti sa teda viaZze vZdy na urcité konanie
a na urcité prostredie, v ktorom tvoriva ¢innost ¢loveka prebieha.
Miera rizika suvisiaca s konkrétnym konanim méze byt vel'mi roz-
manita. Zavisi to od toho, ako ¢lovek svoju pracu ovlada a ako sa
prostredie k praci ¢loveka zachova. Preto riziko nema objektivnu
platnost, ale viaze sa vzdy na Specificku ¢innost a Specifické pro-
stredie. Mierou rizika potom bude miera neistoty a neurcitosti
s akou Clovek svoje $pecifické Cinnosti vykonava.

Ur¢itost v konani sa moZe charakterizovat ako stav, v ktorom
sa dosiahne jednoznacny vysledok. V praktickom konani sa takéto
vysledky daju dosahovat prevazne vtedy, ked' sa deje vykonavaju na
zaklade skusenosti, empirie. V technologickych procesoch sa vysky-
tuju vel'mi ¢asto v procesoch bez moznosti vyberu a takmer vyhrad-
ne v synchronizovanych a automaticky riadenych procesoch.

Neurcitost mozno chapat tak, ze vysledok bude sice dosiahnuty
s istou pravdepodobnostou, ale mieru takejto pravdepodobnosti
nemozno bezpecne stanovit.

Riziko bude taky stav neurcitosti, pri ktorom mieru pravdepo-
dobnosti mozno odhadnut. Pri alternativnych rieSeniach mozno
s istotou tvrdit, Ze jedno z rieSeni sa vyskytne, pricom pravdepo-
dobnost jeho vyskytu sa da ocakavat alebo odhadnut.

Uvedené ponimania mézu byt vychodiskom pre stanovenie
miery neurcitosti a miery rizik. Stanovenie takejto miery chapeme
ako rozsah, kvantifikaciu rizika. Kazdé riziko skor, ako sa stanovi
jeho rozsah, musi sa identifikovat, musi sa stanovit jeho obsah.
Stanovenie obsahu rizika je vecou prislusnej vednej discipliny,
v ramci ktorej sa rizika analyzuju.

Kvantifikaciou rizik sa zaobera samostatna disciplina, rizikovd
analyza. Riziko byva predmetom aj inych druhov analyz. Z nich
treba predovsetkym spomenut analyzy spolahlivosti, ktoré sa uplat-
nuju pri skimani technickych a technologickych zariadeni, analyzy
rozhodovania, ktoré sa zasa uplatiuju v riadiacich procesoch, analyzy
akosti (kvality), ktoré sa uplatiuji v produkénych procesoch atd.
Ich stucastou byva vidy analyza rizik. Vzhladom na rozsah pris-
pevku nebudeme sa tymito druhmi analyz zaoberat.

Pri rizikovej analyze sa vychadza z viacero koncepcii. Najviac
pouZivanymi su tieto z nich:
- koncepcia pravdepodobnosti vyskytu rizika,
- koncepcia standardnych rozdeleni,
- koncepcia teorie uZitku,
- koncepcia vplyvu rizika na hodnotu firmy.

V tomto prispevku sa sustredime na tie rieSenia, ktoré suvisia
s hospodarskymi otazkami predovsetkym preto, lebo vysledky aktiv-
nej produktivnej ¢innosti Cloveka sa hodnotia hlavne ich hodno-
tovymi kategoriami.

Human doing is always connected with particular activity and
specific environment. The human activity is also always connected
with some rate of risk. The risk as a measure of uncertainty is
always related to specific procedure and to specific environment
in which the creative activiity of man runs over. The rate of the risk
related to specific activity can be very miscellaneous. It depends
on man how he commands his work and what attitude the envi-
ronment retains to his activities. Therefore the risk does not have
unprejudicated validity but binds itself to special activity and spe-
cific environment. The measure of the risk shall be then a measure
of uncertainty with which man executes his individual activity.

Certainty in human doing can be characterised as a state where
only one outcome can be found. In practical life such outcomes
can be achieved mostly when actions are performed on a basis of
past experience. In technological operations certainty occurs very
often in processes where device does not have any choice and
almost exclusively in synchronised and automatically controlled
processes.

Uncertainty can be apprehended in such a case where the
outcome can be achieved only with certain probability but a measure
of such probability cannot be safely determined.

Risk is such a state of uncertainty where the measure of prob-
ability can be assessed. In alternative solutions it can be claimed
with certainty that one of alternative outcomes occurs and the prob-
ability of its occurrence can be expected or assessed.

Indicated understandings can be used as a starting point for
determination of uncertainty and risk measure. The determination
of risk measure can be considered as a size of its quantification.
Each risk before its size is determined must be identified accord-
ing to its sense. Risk estimation is a matter of relevant discipline
within the frame of which the risk is analysed.

Risk analysis is an independent discipline that deals with the
risk quantification. Risk is an object of other kinds of analyses, too.
The analyses of reliability that are applied in the testing of technical
and technological equipment, decision-making analyses used in man-
agerial processes, quality analyses used in productive processes can
be mentioned. The risk analysis must always be a part of the men-
tioned analyses. With regard to the size of this article we are not
going to pay attention to these kinds of analyses and to appropri-
ate risk.

In practical and theoretical life several conceptions can be
found for risk analysis. Among them we will pay attention to the
following:

- conception of risk probability occurrence,
- conception of standard distributions,

- conception of utility theory,

- conception of risk influence on firm value.

‘We can concentrate our attention to those solutions that relate
to economic problems. We will do that mainly because the results
of productive activity of human being are evaluated especially by
value categories.

6 + KOMUNIKACIE / COMMUNICATIONS 4/2002



2. Koncepcia pravdepodobnosti vyskytu rizika

Koncepcia pravdepodobnosti vyskytu rizika sa opiera o poznatky
z teorie pravdepodobnosti. Pravdepodobnost, Ze sa jav vyskytne,
predstavuje prileZitost, moznost, alebo vyhodu tohto javu voéi javu,
ktory sa nevyskytne. To sa vztahuje aj na riziko. Aj riziko sa moze
vyskytovat s istym pravdepodobnostnym rozdelenim a to zavisle,
alebo nezavisle od daného funkénosti javu. V tom druhom pripade
je riziko zavislé od prostredia, v ktorom jav prebieha.

Podkladové vycislenie rozdelenia pravdepodobnosti vyskytu sa
zostavuje v maticiach vystupov (efektov), v ktorych sa javom pri-
raduju jednotlivé hodnoty v suvislosti s obsahom javu, vyskytu javu
a jeho uzitku (vynosovosti, efektu). Takéto matice sa nazyvaju vyno-
sovymi maticami (angl.: payoff matrix) a sluzia ako numericky zaklad
pre vyCislenie oceneni pri analyze tzv. oCakavanej hodnoty.

Riesenie mozeme dokumentovat jednoduchym prikladom. Zo-
strojme maticu, v ktorej v riadkoch sa vyjadria stavy vybratych javov
(S,_,,) a v stipcoch z prislusného stavu plyntici ,vynos* (V,_,).
Hodnoty P; predstavuju pravdepodobnost ziskaného vynosu,j viazu-
ceho sa na skumany jav i, teda P(V;/S;). Stanovenie miery pravde-
podobnosti je vecou empirie, ale sucasne i rizika.

Matica bude mat takyto tvar:

Vi Vv,
Sy Py ... Py Py,
S P

Sm Pml"'ij"' Pmn

Stav istoty by nastal v takom pripade, keby vSetky P; ziskali
hodnoty 1 alebo 0.

Predpokladajme, ze pravdepodobnost vyskytu javu pri jeho
relevantnom vynose je dana tymito hodnotami:

P(S,/V))=0.8 P(S,/V,) =02
P(S,/V) =07  P(S,/V,) =03

Predpokladajme dalej, Ze vel'kost penaznych hodnot jednotli-
vych vynosov pozorovanych javov je takato:

(§,/Vy) =20 (8,/V;) =60
(S/V1) =30 (Sy/V;) =40

Z danej pravdepodobnosti a hodnoty ich penazného vyjadre-
nia vypocitajme hodnotu tzv. o¢akavanej hodnoty (EV):

EV(S;) = (0.8)(20) + (0.2)(60) = 28

EV(S,) = (0.7)(30) + (0.3)(40) = 33

KOMNIKOCIe

C O MMUNICATION:S

2. Conception of risk probability occurrence

The conception of risk probability occurrence is based on the
theory of probability. Probability that a phenomenon occurs pre-
sents an opportunity, a possibility, or an advantage of this phenom-
enon towards a phenomenon, which does not occur. That attitude
basically relates to the risk, too. The risk can also occur with some
probability distribution dependently or independently on given phe-
nomenon function. In the second case the risk is dependent on the
environment in which the phenomenon occurs.

The basic enumeration of probability occurrence is assembled
in outputs (effects) matrix in which are assigned single phenomena
values in relation to phenomenon contents, phenomenon occur-
rence and phenomenon utility (income, effect). Such matrices are
called payoff matrices and serve as a numerical basis for evalua-
tion of expected values.

A solution can be indicated by a simple example. Let us con-
struct a matrix. In lines is expressed the state of chosen phenome-
non (S, _,,) and in columns “a payoff “ that flows from the relevant
phenomenon state (V,_,). The values P, present a probability of
the obtained pay-off / that is related to the investigated phenomenon
i, in other words P(V/S;). The estimation of probability measure
is a matter of empiricism and at the same time it is an estimation
of the risk.

The matrix will have the following configuration:

Vi Vil v,
§1P11 Plj . Py,
Sy e By
émP,nl...ij...Pmn

The state of certainty would occur in case if all P; obtained
the values 1 (one) or 0 (zero).

Let us expect that the phenomenon probability occurrence with
a corresponding income will be given by the following values:

P(S,\/V))=0.8 P(S,/V,) =02
P(S,/V)) =07  P(S,/V;) =03

Let us further assume that the amounts of financial values of
a single income at the observed phenomena are:

(81/V)) =20 (S,/V;) = 60
(S,/V1) =30 (Sy/V;) =40

From the given probability and from their financial values the
so-called expected value (EV) can be calculated:

EV(S;) = (0.8)(20) + (0.2)(60) = 28

EV(S,) = (0.7)(30) + (0.3)(40) = 33

KOMUNIKACIE / COMMUNICATIONS 4/2002 - 7
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Ocakavana hodnota je vyssia pre jav S, ako pre jav S, . Riziko
vyberu bude niZsie, ak sa vyberie variant S, .

Koncepcia pravdepodobnosti vyskytu rizika nachadza svoje
realne vyjadrenie aj v tzv. ocakdvanej hodnote. O¢akavanou hod-
notou sa rozumie idealna hodnota, ktora vznikne z vysledku prav-
depodobného rozdelenia vynosov vSetkych sledovanych javov.

Ocakdvand hodnota (EV) sa definuje vztahom:

n
EV(m) = > (m, p),
i=1
kde: EV je ofakavana hodnota vyjadrena vaZenym priemerom
réznych moznych vystupov, z ktorych kazdy je vazeny pravdepo-
dobnostou svojho vyskytu, m; - vynosovost i-tého vystupu, p; -
pravdepodobnost vyskytu i-tého vystupu.

Odchylka (r;) kaZzdého moZného vystupu od oc¢akavanej hodnoty
sa vyjadri vztahom:

r,=m — EVN(m)

a je vychodiskom pre vypocet rozptylu (o), ktory je mocninou
odchylky.

Standardnd odchylka (o) je odmocninou rozptylu:

n

o= [>[m—ENm] p,
i=1
a vyuZiva sa tiez pri merani rizika. Cim mensia je §tandardna
odchylka, tym menSie je riziko vyplyvajuce zo skimaného javu.

Velkost rizika sa chape ako absoliitna hodnota rizika. Relativna
hodnota rizika predstavuje rozptyl moznych navratnosti vynosov
(efektov) v porovnani s ocakavanymi pravdepodobnymi vynosmi
vyjadrenymi vo vynosovej matici. Na vyjadrenie relativneho rizika
sa pouziva koeficient variacie v. Pri vyuziti koncepcie pravdepo-
dobnosti sa koeficient variacie vyjadri vztahom: v = o/ EV( ).

Uvedené Statistické vyjadrenia sa pouzivaju pri posudzovani
alternativ predkladanych projektov a ich uZitkovosti. Standardna
odchylka a koeficient rozptylu su zalozené na komplexnom posu-
dzovani navratnosti vloZenych prostriedkov. Riziko sa posudzuje
podla celkovej uzitkovosti jednotlivych alternativ i podla jednotli-
vych zloziek, ktoré sa na celkovom vysledku podielaju.

Vo financ¢nictve sa vytvorila samostatna koncepcia merania
Ciastkovych rizik suvisiacich s jednotlivymi vkladmi v podnikovom
portfoliu. Tato koncepcia sa nazyva koncepciou beta (3) a vyjad-
ruje mieru systematickej variabilnosti alebo kovariancie (spolu-
sucinnosti) navratnosti kazdej jednej Casti aktiv z celkovych aktiv.
Koeficient 8 sa vyjadruje vztahom:

Oir

BII:?*

1

(€,

kde I predstavuje tzv. trhovy index, ktorym sa vyjadruje podiel jed-
notlivych druhov aktiv na trhu tychto aktiv.

The expected value has a higher value for the phenomenon S,
than for the phenomenon S, . The risk selection will decrease when
the alternative S, is chosen.

The conception of risk probability occurrence finds its objec-
tive expression in the expected value, too. By the expected value we
can understand an ideal value that arises from the results of prob-
ability distribution of incomes coming from all observed phe-
nomena.

The relation that defines the expected value (EV) is:
EV(m) = > (m,p),
i=1

where: EV is expected value expressed by weighed average of various
possible outputs from which each is weighed by the probability of
its own occurrence, ; - effectiveness of output, p;, - probability
occurrence of output.

The relation expresses a deviation (r;) of each possible output
from the expected value:

r, =, — EV(m)

and is a starting point for computation of variance (o), that is
square of deviation.

The standard deviation (o) is a root of variance:

n

o= _|>[m—ENmp,

i=1

and is used also for the measure of risk. The less is the standard
deviation the smaller is the risk flown from the observed phenom-
enon.

The amount of the risk is understood as an absolute risk value.
The relative value of risk presents a variance of feasible returns
of incomes (effects) in comparison with expected liable incomes
expressed in the payoff matrix. To express the relative risk the coef-
ficient of variation is used. In the probability conception the coef-
ficient of variation is expressed by the relation: v = o/ EV( ).

The listed statistical expressions are used for the appraisal of
alternatives of submitted projects and their utility, too. The stan-
dard deviation and variation coefficients are settled on the overall
appraisal of economic incomes of invested sources. The risk is
reviewed according to an overall utility of each single alternative
and according to each single component that shares on overall
income.

In the financing field an independent conception of a partial
risk measurement related to a single deposit in the firm portfolio
was created. This conception is termed as a conception beta ()
and expresses a measure of systematic variability or economic return
covariance of everyone part of assets from total assets. The coef-
ficient 3 is expressed by the following relation:

Jir

Bn:?,

1

(€D,

where [ represents the so-called market index and expresses a share
of each single asset on the market of these assets.
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3. Koncepcia standardnych rozdeleni

Koncepcia Standardnych rozdeleni sa spaja s manazérskymi
uvahami o optimistickych scenaroch pri posudzovani investi¢nych
vynosov Vv jednotlivych projektoch. Koncepcia Standardnych roz-
deleni spociva v intuitivnych a v praktickych prostriedkoch, ktoré
pouziva riadiaci pracovnik pri hodnoteni variantnosti moznych
vysledkov rieSeni vykonavanych na principe ocakavanej hodnoty
a Standardnej odchylky.

Vztahy medzi rizikom, Standardnou odchylkou a koeficien-
tom variacie vyjadruje takyto graf:

Rozdelenie v normalnom tvare
(tzv. normalne rozdelenie) ma
symetrické rozdelenie posudzova-
nych hodnét okolo stredu ocaka-
vanej hodnoty. Ak ocakavany
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3. Conception of standard distributions

The conception of standard distributions used by the appraisal of
the invested revenue in individual projects is connected with the
managerial consideration an optimistic scenario. The conception
of standard distribution consists of intuitive and practical means
that a manager uses by the valuation of a possible solution exe-
cuted on a principle of the expected value and standard deviation.

The relations among the risk, standard deviation and coeffi-
cient of variation are expressed in this graph:

The division in a normal
pattern (so-called normal distrib-
ution) has a symmetrical distribu-
tion of the regarded values around
the centre of the expected value.

vystup (vynos, efekt) lezi v rozpati

If the expected output (income,

+ | standardnej odchylky, tak to

effect) lies in the interval * 1 of

A

predstavuje cca 68 % priestoru
spolahlivosti odhadu vynosu. Ak
sa oCakavany vynos bude pohybovat v ramci = 2 Standardnej
odchylky, dosiahne cca 95 %-nu spolahlivost a ak oakavany vynos
sa pohybuje v rozpiti = 3 Standardnej odchylky, pravdepodob-
nost jeho vyskytu je takmer 100 %-na.

Rozdelenie pravdepodobnosti mozno zostavit ako sériu dis-
krétnych hodnét alebo ako spojit funkciu.

Pre vSeobecné hodnotenie premennej (napr. vynosov) sa ich
hodnoty najskor §tandardizuju. Standardizovana premennd ma
strednu hodnotu rovnu 0 a standardnu odchylku rovnu 1. Akykol-
vek vynos, naklady, zisk alebo iny pozorovany ukazovatel sa moze
previest na §tandardizovanu formu formulou:

X—p

z= ,

T

kde: z je Standardizovand premenna, x - Zelatelny vynos a w a o
- stredna hodnota resp. Standardna odchylka.

Ak napriklad zelatel'ny vynos je vzdialeny od strednej hodnoty
o lo, potom x — u = o, atedaz = o/u =1. Ak z = 1, hodnota
ZelateIného vynosu je vzdialena o 1o od strednej hodnoty. Ak
z = 2, je hodnota vzdialena o 20 od strednej hodnoty.

Vysledky dosiahnuté touto metodou umoznuji posudit v akom
pasme sa nachadzaju oCakavané alebo Zelatelné hodnoty vysled-
kov jednotlivych Casti skumaného javu a tym posudit i riziko
s tymito hodnotami zviazané.

4. Koncepcia teorie uzitku

Koncepcia tedrie uzitku (uzZitoCnosti, uzitkovosti) sa zaklada na
mySlienke hodnotenia rizika podla jeho vyuzitia pre o¢akavany
prospech. Pri rieSeni $pecifickych uloh mozno voci riziku zaujat
neutralny postoj a nebrat ho do uvahy (angl.: risk neutrality, indif-
ference to risk), mozno s nim pocitat, alebo ho preferovat (angl.:

v

1

1

1

1

1

:
+1c +206 +30 a standard deviation then it repre-
sents approximately 68 % of the
area of reliability of the estimated output. If the expected output
moves in the scope of * 2 standard deviation it reaches approxi-
mately 95 % of reliability, and if the expected output moves in the
scope of * 3 standard deviation the probability of its occurrence is
almost 100 % of the estimated output reliability.

The probability distribution can be formed as a set of discrete
values or as a continuous function.

For the common valuation of variable (for example of incomes)
their values have to be first standardised. The standardised vari-
able has the central value equal to 0 (zero) and the standard devi-
ation equal to 1 (one). Any income (expenses, profit or other
observed indicator) can be converted to a standardised form
trough the formula:

X p

z= s

T

where: z is the standardised variable, x - desired income and w
and o are the standard deviations.

If, e.g. the desired income is far away from the central value
on lo, then x — u = o, and then z = o/ =1. If z = 2, the value
is off by 2 s from the central value.

The results achieved in using this method enable the manager
to judge in which area the expected or desired values of a single
result of the investigated phenomenon can be found, and thereby
to judge the amount of risk connected with these values.

4. Conception of utility theory

A conception of utility theory in the risk valuation is based on
an idea of evaluating the risk with regard to its utilisation for the
expected benefit. Searching a solution for specific tasks towards
the risk one can take a neutral attitude and not consider the risk at
all (hence risk neutrality, indifference to risk), or one can take the
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risk seeking), alebo ho mozno vylucovat, vyhybat sa mu (angl.: risk
aversion).

V praxi sa u manazérov vyskytuju vsetky uvedené postoje.
U niektorych podnikatelskych ¢innosti mozno viac riskovat a potom
i oCakavaf riziku primerany vyssi vynos (tzv. rizikova prémiu).
V inych pripadoch, najmé financ¢nych, je rozumnejsie riziku sa
vyhybat a ist ,na istotu“. A nakoniec, mnohé aktivity sa zdaju tak
bezpecné, alebo penazné poistenia proti riziku tak vysoké, Ze sa
s rizikom ani nepocita.

Vo vSeobecnosti jestvuje snaha vyhnut sa riziku. Ak sa vyskytnu
dve mozné rieSenia, je velmi pravdepodobné, Ze sa vyberie to
rieSenie, ktoré je menej rizikové. Vysvetlenie pre tento jav sa nacha-
dza v teorii uzitku.

Podstata tedrie iZitku spo€iva v posudzovani hranicného 0zitku.
Ak sa skiima napriklad navratnost vlozenych prostriedkov, trebars
prostrednictvom vynosov a s navratnosfou viazané riziko, hra-
nic¢ny uzitok z dalSieho vkladu sa posudzuje tak, Ze sa skuma, aku
navratnost (aky vynos) dalsi vklad prinesie. Ak je vynos z vkladu
nizsi ako z vkladu predchadzajiceho, je zrejmé, Ze je za hranicou
ocakavanej navratnosti. Jestvuje hranica, za ktorou je kazdy dalsi
vklad menej vynosnejsi ako predchadzajuci. Hovorime o klesaju-
cej miere uzitkovosti.

Vztahy medzi hrani¢nou UZit-
kovostou a rizikom vo vyssie uve-
denych troch pristupoch sa uvadza
na obrazku. Hodnoty uvedené na
y-ovej osi vyjadruju tzv. jednotky
uzito€nosti (resp. uZitkovosti), na
osi x-ovej hodnoty pozorovanej
veli¢iny, napr. vynosu.

uzitkovost
v hodnotovych jedn.

risk into account or favour it (risk seeking), or one can segregate
risk, avoid it (risk aversion).

Managers in general employ all these attitudes. In business
activities a manager can take more risk and then expect an ade-
quate income to the risk (so-called danger premium). In other cases,
especially financial, it seems to be rational to avoid risk and go
“per certainty”. And finally, many activities seem so safe, or finan-
cial insurance against risk is so high, that the risk is excluded.

Generally there is a tendency to avoid the risk. An explana-
tion for this phenomenon can be found in the theory of utility.
When there are two possible solutions, it is very feasible to choose
that solution which is less dangerous. The explanation for this
phenomenon can be found in the theory of utility.

The nature of utility theory consists of appraisal of marginal
utility. If the payoff of inserted means and related risk is investi-
gated, the marginal utility of further deposit is considered accord-
ing to the payoff coming from this additional deposit. If the payoff
coming from this deposit is lower than from the previous one it is
evident that the payoff is behind the border of the expected
income. There is a border behind which every next deposit pays
less than the previous one. This case is known as decreasing utility
measure.

Relations between the marginal
utility and the risk in the aforesaid
listed approach are indicated in the
next picture. The values listed on y-
axis indicate the so-called units of
effectiveness (or utility), the ones
on x-axis represent the magnitudes
of the observed values in currency
units, for example income.

o b-----

10
V grafe uvedena krivka a vyjad-

ruje nevsimavost voci riziku, krivka

b indiferentnost voci riziku a krivka ¢ akceptovatelnost rizika.
Oznacené polia predstavuju rizikovy priestor pre krivku a a podobne
sa da vyjadrit priestor i pre dalSie dva priebehy kriviek. To sa,
kvoli prehladnosti, v grafe neuvadza.

Z grafu sa da usudit, Ze pri postoji vylucujucom riziko je hra-
nicna uzitkovost klesajuca. V uvedenom priklade dvojnasobok
prijmu neznamena dvojnasobok uzitkovosti, ale menej. Rovnost
medzi uzitkovostou a mierou vynosu je rovna pri neutralnom postoji
(miera rastu nie je vyznamna ak sa aj rast zaznamena). Rast uzit-
kovosti sa predpoklada u tych, ktori podnikaju s rizikom.

5. Koncepcia vplyvu rizika na hodnotu podniku

Koncepcia vplyvu rizika na hodnotu podniku vychadza z po-
znatku, Ze v dosledku rastuceho rizika stracajuca sa vynosovost
znehodnocuje majetok hospodarskej organizacie a ovplyviiuje tym
jeho kapitalovii hodnotu. Je to celkom prirodzena uvaha, pretoze
klesajica hodnota uzitku musi sa nakoniec prejavit v hodnote
podniku. Rizikova analyza nemdZe tuto okolnost opomentit.

vynosy v pefiaznych jednotkach

\ 4

15 20 In the graph the presented curve
a expresses the negligence toward
the risk, the curve b the indifference
to the risk and the curve ¢ the acceptance of the risk. The indi-
cated dark fields represent the risk space for the curve a and in
the same manner a space for further two curves courses can be
expressed (it is not expressed in this graph).

From the graph it can be judged that at an attitude excluding
the risk the marginal utility is decreasing. In the presented example
the double income does not mean double utility but a bit less utility.
The equality between the utility and the measure of payoff is equal
at a neutral attitude (measure of increase is not very important even
in case when some increase is recorded). The increase of utility is
expected at those who undertake with the risk.

5. The conception of risk influence on firm value

The conception of the risk influence on an enterprise value
comes out from an idea that due to the risk increase the vanishing
effectiveness devaluates the firm property and, thereby, affects its
capital value. This is an entirely natural consideration since the
decreasing value of utility must be finally signified in value of the
firm. This circumstance cannot be neglected in firm’s risk analysis.
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Vychodiskova uvaha tejto koncepcie sa opiera o zakladny model
siicasnej hodnoty (PV) podniku, ktory ma tvar:

n 7T[
pr=>—1_.
; I+

Sucasna hodnota podniku PV sa rovna diskontovanej hodnote
jeho buducich vynosov.

Pri podmienkach urcitosti Citatel v danom vztahu predstavuje
vynos 7 a menovatel predstavuje upravend ¢asovi hodnotu tro-
kovych sadzieb pri bezrizikovej navratnosti 7.

Pri podmienkach neurcitosti vynosy vyjadrené v Citateli hod-
notou 7r sa rovnaju o¢akavanym hodnotam vynosov v priebehu
kazdého budticeho ¢asového obdobia (spravidla kazdy rok). Oca-
kavana hodnota je najlepsi variant mozného vynosu, ktory mozno
ziskat v kazdom z buducich obdobi.

Ked'ze vynos sa nemoze stanovit uplne presne, niektoré z hod-
ndt st hodnotami predvidanymi, predpovedanymi. Ak je podnik
nuteny uskutocnif vyber medzi dvoma rieSeniami, jedno s vy$Sim
vynosom, ale aj s vd¢§im rizikom, a druhé sice s niZ§im vynosom,
ale aj s niz§im rizikom, treba najst sposob, ako sa v danej situacii
rozhodnut. To predpoklada, aby sa v oboch pripadoch dala urcit
nielen sucasna hodnota vyplyvajuca z buducich vynosov, ale aby sa
dala urcit aj Gasova hodnota penazi a casovd hodnota rizika. Ako je
zname, hodnota ,pefazi® je dana irokovou mierou a hodnota rizika
je dana uspesnostou (vynosovostou) daného rieSenia.

Pre riesenie tlohy upravy hodnoty podniku z hladiska rizika
sa pouzivaju v podstate dve metody:
- metdda Cinitela ekvivalentu urcitosti a
- metoda upravenej hodnoty podniku.

Metoda cinitela ekvivalentu urcitosti vychadza z pomeru pred-
vidanej, ocakavanej absolitnej hodnoty vynosu k hodnote uprave-
nej o riziko. Tento podiel sa nazyva cinitel upraveného ekvivalentu
hodnoty a oznaCuje sa ako «. Jeho tvar sa vyjadri vztahom:

ocakdvand absolitna hodnota

ekvivalentnd rizikova hodnota

Ekvivalentna rizikova hodnota predstavuje o¢akavanu abso-
latnu hodnotu upravenu, teda zvacSenu o riziko. S €initelom « sa
pracuje takto: ak @ < 1 - s rizikom sa nepocita, ak & = 1 - voci
riziku jestvuje indiferentny postoj, ak & > 1 - s rizikom sa pocita.

Pri metode upravenej hodnoty sa vychadza z upraveného modelu
hodnoty firmy V, ktory ma nasledujuci tvar:

n aE(m)

V= .
=+

kde V je ocakavany buduci vynos, E(1,) je vynos pretransformo-
vany na jeho ekvivalent urcitosti a aE(1,) je diskontovany vynos
rizikom neovplyvnenou tirokovou mierou i.

Tym sa ziskala nova sicasnd hodnota podniku upravena so
zretelom na rizikovy Cinitel' «e. Uvedeny vyraz mozno pouzif aj pre
iné ekonomické vyhodnotenie. Napriklad pre projekty, v ktorych
mozno vycislit buduci predpokladany vynos, alebo i pre porovna-
nie rizikovosti viacerych projektov.
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The initial consideration in this conception is based on a basic
pattern of the present value (PV) of a firm and has the form:

n 7T[
PV=> ——.
,:Zl 1+

The present value of enterprise (PV) is equal to discount value
of its future payoffs.

Under the condition of certainty the numerator in the given
relation represents the income 77, the denominator represents a re-
formatted temporal value of interest rates by the riskless return i.

Under the condition of uncertainty the incomes expressed in
the numerator by the value 7 are equal to the expected values of
incomes throughout every future temporal period (generally each
year). The expected value is the best variant of a possible income
that can be obtained in each of future periods.

Payoffs cannot be absolutely correctly determined. Some of the
values emerge as predictions, as forecasting. When a firm is forced
to select between two solutions, one with a higher payoff and with
a higher risk and the second with a lower payoff and with a lower
risk, a manager is required to find a way how to decide in a given
situation. A good solution assumes to define in both cases the
present value which is implicit from future payoffs, to define the
present value of currency and finally the present value of risk. The
currency value is given by the rate of interest measure and the risk
value is given by success (effectiveness) of the given solution.

From the viewpoint of the risk for the problem solution based
on the firm value two methods are basically used:
- certainty equivalent factor and
- adjusted firm value.

The method of a certainty equivalent factor comes out from the
rate of the predicted, expected absolute payoff value to the value
adjusted by the risk. This rate is known as an adjusted equivalent
value factor and is indicated as alfa. Its pattern is expressed by

absolute payoff value

equivalent risk value

We work with the factor alfa in this way: if alfa < 1 - the risk
is not taken into account, if alfa = 1 - there is an indifferent atti-
tude towards the risk, if alfa > 1 - risk is taken into account.

The method of an adjusted value is based on the model of
adjustment of the firm value V, which has a subsequent pattern:
n - oE(,
= (+0)
where Vis an expected future payoff, E(7r,) is payoff transformed
by its certainty equivalent and aE(r,) is discounted payoff non-
affected by risky rate of interest 7.

In this way a new present firm value adjusted with reference to
the risk factor alfa was obtained. The listed expression can be used
as well for other economic interpretations. For example, for evalu-
ation of projects where future expected revenue can be calculated,
or for comparison of risk among several projects, etc.
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Rizikovy vynos predstavuje rozdiel medzi rizikovou a bezriziko-
vou oc¢akavanou navratnostou. V takom pripade sa urokova miera
i nahradi inou hodnotou £, ktora v sebe zahrnuje tak bezrizikovu
urokovu mieru vyjadrenu v miere navratnosti R;, ako aj rizikovy
vynos vyjadreny mierou navratnosti R,.,
teda:

k=R, +R,.

Zakladny model pre hodnotu podniku mozno potom vyjadrit
vo vSeobecnom tvare:

5 E(m)

V= .
= (1+4k)

Ako priklad rieSenia mozeme uviest graf vyjadrujuci vztah
medzi trhovym a $pecifickym rizikom:

Vztah vyjadreny obrazkom mozno N
interpretovat tak, Ze suhrnné, celkové
riziko, vyjadrené variaciou trhovych
indexov pozostava z dvoch casti, a to
z trhového, systematického rizika skui-
maného druhu aktiv a zo §pecifického,
nesystematického rizika skimaného
druhu aktiv. Tuto situdciu mozno
popisat aj vhodnym druhom modelov

1
1
celkové riziko

produkéné riziko

Risk payoff presents the difference between the risk and the
non-risk expected return. In this case a rate of interest / is replaced
by other value k and includes the non-risk rate of interest expressed
in rate of return R; as well as the risk payoff expressed by rate of
return R,

S0:

k=R +R,.

The basic model for the value of firm can be then expressed
in a common pattern:

5 E(m)

V= -
t=1 (1 + k)

A graph expressing a relation between market and specific risks
can be introduced as a solution example:

The relationship expressed in this
figure can be interpreted in this way:
the overall risk is expressed by the vari-
ation of market indexes and consists of
two parts: from the market, systematic
risk of an investigated variety expressed
of assets and from the specific, non-
systematic risk of investigated variety of

assets. This situation can be described
~

trhové riziko

ako sa to uvadza napriklad v literature
uvedenej pod [3].

6. Zaver

V prispevku sa poukazalo na niektoré z moznosti kvantitativ-
neho vyjadrenia rizika. Kvantifikaciou rizika sa vyjadruje vyznam-
nost kazdého jednotlivého rizika, ktoré sa vyskytuje vo vsetkych
pripadoch, kedy je treba posudit uzitkovost ¢i vynosovost pozoro-
vanych javov. Obsahovil, vecnu stranku rizika nam poskytuje prislus-
na vedna disciplina, ktora sa pozorovanymi javmi zaobera. Hovorit
o riziku a nepoznat jeho rozsah nie je pri skumani efektov z pozo-
rovanych ¢innosti G¢inné.
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r g by a proper variety of models as can
be found exempli gratia in literature mentioned below [3].

6. Summary

In this contribution some possibilities of quantitative risk
expressions are mentioned. The significance of every single risk
that occurs in all cases when it is needed to judge utility or effec-
tiveness of a remarked phenomena could be expressed by the quan-
tification of risk. The substance side of the risk provides the
appropriate science discipline that deals with the observed phe-
nomena. To talk about the risk and to ignore its size is non-effec-
tive when investigating the effects of observed activities.
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Pawel Tyrata *

KRIiZOVE PLANOVANIE

RULES OF PLANNING IN SAFETY MANAGEMENT

Cielom prispevku je analyzovat koncepciu krizového planovania v civilnej ochrannej sustave. Strategické plany si vypracovavané vrcholovymi
manazérmi a definujii sa v nich vSeobecné ciele organizdcie. Prvky rizik, ohrozeni a rieSeni krizovych situdcii treba brat do uvahy pri strate-
gickom pldnovani, sucastou ktorého je planovanie civilnej ochrany. Plany pre civilnii ochranu sii vypracovavané za tym iicelom, aby sa zohladnili
poziadavky organizdcii a vyrobnych zdvodov pracujiicich pre civilnii ochranu podla redlnych potrieb. Pldny sii pripravované Stdtnou adminis-
trativou a miestnymi spravnymi orgdnmi, zdvodmi a inymi institiiciami, ktoré sii zodpovedné za pripravu a realizdciu iiloh civilnej ochrany.
Hilavnou ulohou pre vypracovdvanie planov civilnej ochrany su vhodné riesenia pre organizacné a vyrobné jednotky zaoberajiice sa civilnou
ochranou v silade s predpokladanym ohrozenim a poZiadavky a redlne moznosti planovacich orgdnov. Plny rozsah uiloh civilnej ochrany daného
prostredia musi byt stanoveny planom. Vybavenie utvarov civilnej ochrany technickymi a vojenskymi zariadeniami sa vykondva inspektordtmi
civilnej ochrany. Jednotlivé ochranné prostriedky proti kontamindcii méZu sa kupovat' v regiondlnych obchodnych domoch, ktoré takéto zaria-
denia skladujii, zatial' ¢o doplnkové prostriedky treba ziskavat samostatne.

The article aims to analyze the concept of crisis planning in civil defense system. Strategic plans are worked out by managers of the highest
rank and define general aims of the organization. Elements of risk, threads, and ways of activity in crisis situation should be taken into con-
sideration during strategic planning which is the planning of civil defence. Plans for civil defence are worked out in order to assignate and get
ready for organizational and material enterprises of civil defence proper to real possibilities. They are prepared by state administration and
local governments, factories and other units and institutions which are responsible for preparing and realization of tasks of civil defence. The
main aim for working out the plans for civil defence is to get ready appropriate organizational and material enterprises for civil defence in
accordance with foreseen threat and needs and real possibilities of the planning rank. The full scope of civil defence tasks of given rank should
be given in plans. Providing civil defence formation with technical and military equipment is realized by civil defence inspectorate. Individual
protective means against contamination can be bought in regional warehouse of civil defence equipment, while supplementary means should
be done individually.

Planning, as one of the most important functions of manage- | « Feasibility, that is a realistic assessment of planned enterprises.

ment should be an implement of an active control of all initiative
processes. Successful firms do not forget also on safety planning
as a part of management.

As a result of the function of planning there is a pattern of
activity (functioning) of an organization in a definite section of
time, that is its plan for a given period of time [1]. The plan itself
consists of a set of different documents. Its contents, may be defined
as three elements: set of aims, required material and energetic effect,
which are to lead to realization of aims, and required (necessary)
resource of productive factors, here understood as a distributive set
of personal and outfit activity carriers.

Modern philosophy of planning which results in a business plan
understood as an economy plan, a plan of running business includ-
ing security questions.

The following criteria should be fulfilled:
« Advisability, the need of state and choice of means appropriate
for reaching the pre-planed aims.

* Prof. dr hab. Pawel Tyrala
Krakow High School of A. F. Modrzewskiego, E-meil: tyrala@kki.net.pl

Realism can only be assessed after the task has been achieved
(ex post).

Internal agreement, lack of inconsistency of the plan, which prac-
tically means the appropriate formulating of subordinated plans
that must be conformed with the superior strategic plan.
Efficiency, meaning: simplicity, clarity, and intelligibility of assump-
tions making possible skillful implementation and realization
of the plan.

Multi-variant, which is connected with preparing at least three
variants of the plan (probable,pessimistic and optimistic).
Detail confinement, ensuing from time horizon of the plan. In
practice particular parts have to be in accordance with the plan-
ning horizon.

Completeness, meaning giving a detailed description of the whole
enterprise including all factors having decisive influence.
Rationality, building the plan in accordance with standards and
required rules.
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Strategic plans serve to obtain general aims of an organization
while operational plans describe implementation of strategic plans
into every day activity [2]. Both strategic and operational plans
are linked with a mission of an organization, with its general aim
justifying its existence. Two types of plans are usually used to
manage organizations: strategic and operational ones.

Strategic plans are worked out by managers of the highest rank
and define general aims of the organization. Within the framework
of this planning, plans for civil defense of certain institutions are
worked out. Strategic plans lay out principal directions of activity
and define general aims of organizations. A strategic plan embodies
strategy of a given organization and develops around it. Strategic
planning is a process of elaboration of strategy and updating it.
Elements of: risk, threats, and ways of activity in crisis situation
should be taken into consideration during strategic planning which
is the planning of civil defense. Tactic plans are derived from a strate-
gic one but they have smaller time horizon, are more detailed and
concern medium level of management.

Operational plans contain detail assignations dealing with imple-
mentation of strategic and operational plans within everyday oper-
ational activities. Strategic and operational plans differ in three
main elements:

Time horizon is a quantity related to period for which the plan
is prepared. Strategic plans concern many years and even decades.
Operational plans encompass a year.

Human resources planning is carried out in the form of appro-
priate procedures and encompasses four basic elements:

1. Planning of future staff needs for an organization by assigning
how many people and what skills will be needed.

2. Planning for balance in future staff by comparing numbers of
workers who are needed with those already employed who will
stay in an organization.

3. Planning of recruitment and lay - offs.

Planning of improvement of workers to ensure organization an
influx of experienced and competent staff.

Modern dimension of different threats

The world requires new philosophy of safety management.
Safety is a phenomenon that requires management, both as global
and regional as close vicinity. This important and objective sphere
of life of modern humanity can’t be left for intuitional action or
be tested by method of trials & errors. Safety undergoes the rules
of pracseology and should be managed by competent experts. It
requires high managerial qualifications. Maybe we witness the need
of separation of new branch of science, which methodologically
and effectively will contribute to effective opposition to this new
dimension of human threats. This branch will be securitology [3].
It will define a wide range of preventive enterprises against negative
outcomes of modern development of civilization and acts of nature.
We are in the beginning of the way. This notion requires a precise
definition. Scientific research should be introduced, the language
of the branch should be defined. Acsiological foundations of this

phenomenon need to be put forward. One need work on research
apparatus, application of well-known methods from other branches
helpful to securitology. The new branch should undoubtedly take
advantage of output of pracseology, psychology, sociology, politol-
ogy, pedagogic and economics. It should take advantage of output
of humanities, technical, law and medical sciences. It will not avoid
cooperation with military, police and crime detection sciences.
Securitology is a system of permeation of enterprises for the benefit
of security in different separated subsystems of human activity.
That’s philosophy of integration of all known aspects of safety.
Crisis situation in one subsystem causes repercussions of dangers
in other subsystems. One may say, good people should think secu-
ritologically all over the world. Nowadays, when we face global ter-
rorism people do that, but it is not a well ordered process. There
is a lot to do by educational subsystems in this regard, because they
shape human awareness. Without educational effects for the benefit
of safety, systems for crisis feedback technical, rescue and repro-
duction systems will gain much worse effects. It will be caused by
inertion of victims and inability for cooperation with rescuers. We
educate teachers, engineers, managers, lawyers, journalists etc. and
during the course of their studies they learn nothing about crisis
management. Securitological thinking levels this absurdity.

Seeing that safety is so important for human needs we should
not omit this value in upbringing. Such directional upbringing will
be part of securitology. The state should acknowledge as a neces-
sary the task of institutionalization of upbringing for safety. There
is common awareness of increase in dangers of human existence.
Safety should be treated as a phenomenon for the community at
large and life of each individual. Therefore the ideal of personality
should take into consideration elements of thinking about human
safety. An objective side of upbringing for safety should be noticed.
Educational effects of didactics of protection of citizens. Defensive
education of society in the situation of global terrorist threat is more
and more acceptable. Upbringing for ecological safety is invari-
ably important. Significance of competence of people dealing with
system of safety is increasing. Nowadays we observe global charac-
ter of postulating education for safety. Among main competences
of modern people one cannot miss ability to estimate complex
dangers and skillful behavior in a crisis situation. An increasing
international tension causes common appreciation of education
for safety.

State’s safe functioning, safe existence of each family and each
citizen is a superior value, it is a basic need of each human being.
Having a complex attitude towards safety one first of all should
define: what the notion of safety means, what should be organiza-
tion and management of safety system. In a subjective term the
safety prevention encompasses at least civilians, territory and system
of authority while in a functional term: political, economic, mili-
tary, public and social activities.

Safety can be guaranteed by a complex, multidirectional and
multidimensional system of state’s functioning. Securitology should
take into consideration each element of dangerous phenomena. It
should supply practice of safety management with knowledge about
newly discovered objective phenomena that threaten safety. We are
talking about a need of assurance for the safety of people and their
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possessions. Terrorism is the biggest problem of the modern world.
Kidnapping for ransom has increased. Terrorists are able to threaten
with weapons of mass destruction (chemical, biological and atomic
weapons).

Planning of civil defense

Plans for civil defense are worked out in order to assignate and
get ready for organizational and material enterprises of civil defense
proper to real possibilities [4]. They are prepared by state adminis-
tration and local governments, factories and other units and insti-
tutions which are responsible for preparing and realization of tasks
of civil defense. Managers of factories and appropriate chiefs of
civil defense are responsible for working the plans out. They should
be prepared by experts working in a given field of planning, because
they can draw rational conclusions and assess all data for planning.
Finally, they can make decisions. The base for working out the
plans for civil defense is assessment of threat and needs in terms of
realizations tasks of civil defense, and also in a certain scope:

« Current law regulations on realizing tasks of civil defense

« Decisions of superior organs of civil defense and decrees of
Council of National Security and regional organs for safety
managements

o Decrees of department organs concerning realization of tasks
of civil defense

« Agreement with community organizations

« Coordination with authorities in scope of realization of tasks of
civil defense

« Economy mobilization plan

General rules for planning are directions to prepare plan of civil
defense. The main thing in civil defense plans should be its reality
[5]. That’s why all planned enterprises should be based on present
means and resources and possibilities, These resources are used
for planning activities during the peace period and also in the
state of emergency and would-be war and are real and feasible.
Realization of these tasks and fulfilling all requirements that are
put before civil defense plans requires a lot of strength and effec-
tive work of regional organs of civil defense, state administration
offices and community organizations. The main purpose of working
out civil defense plans is setting, coordinating and preparing enter-
prises of civil defense, pre-planned to be realized during a war,
havocs in accordance with foreseen threat and real needs and pos-
sibilities of a planner (hypothesis of most probable threats are
done).

Purposes of planning civil defenses [6]

The main aim for working out the plans for civil defense is
create appropriate organizational and material enterprises for civil
defense in accordance with foreseen threat and needs and real
possibilities of the planning rank. The full scope of civil defense
tasks of the given rank should be given in plans. The tasks should
especially concern:

- protection of people
- protection of food and water, farm products, animals and fodder
- protection of factories, raw materials, products and culture
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- preparation of organs and civil defense units for rescue opera-
tions in endangered areas and liquidation of results of emergen-
cies

These tasks should be realized by carrying out a sequence of
events of organizational, engineering, technical and educational
nature.

Base for civil defense planning

The base for preparing civil defense plans proclaim:

- present law regulations concerning civil defense and superior
civil defense organs’ decisions

- present and real status quo of civil defense of rank working out
the plan

- conclusions drawn from the assessment of threat and analysis
of needs and possibilities

- instructions from appropriate organs of departments concern-
ing preparation of civil defense in a special range

- assignations in scope of taking part and means concerning civil
defense in liquidation of results of emergencies

- reciprocal services of civil defense and army as well as activity
of organizational units for the benefit of civil defense

- settled with appropriate authorities (regional) and army HQ
(headquarters) in time and space aspects way of displacements
and evacuation of people

Principles of civil defense planning

These principles are as follows:

- agreement of planning with rules related to civil defense tasks

- encompassing in terms of planning the whole scope of activity
of civil defense

- coordination of own intentions and tasks with organizations of
higher and lower levels of civil defense including organs and
units in cooperation

- coherence of civil defense plans with economic and social plans
of development

- reality of planned organizations

- parallel planning means preparation and settlement of plans at
all levels at the same time

- possibility to manage the civil defense by the chief of civil defense
on the basis of individual documents included in the plan

- brevity in formulating intentions of realizing tasks and prepara-
tion only necessary supplementary documents.

Plans for civil defense are worked out by competent workers
dealing with problems of civil defense with cooperation of depart-
ments, divisions responsible for solving special tasks of civil defense.
An important prerequisite in the planning process is that the
voivodship (district) civil defense chiefs should be able to dispatch
the following data to the chiefs of regions, towns, districts and sub-
ordinate factories:

- elements of threat for voivodship and adjoining voivodships,
way-out areas and ways and time of regrouping of civil defense
formations

- intension of evacuation (taking out) of people, including areas of
re-locating people, their capacity, means of transportation, roads,
time ect.
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- intention of running rescue operations (in circumstances of sur-
prise and after realization of basic civil defense organizations

- lists of factories (buildings) recognized as especially endangered
and continuing, interrupting and relocating their activity at war,
being in respective categories

- tasks concerning organizing and setting off civil defense at the
service of superior level

- civil defense of high readiness

- civil defense units’ tasks other units coordinating of voivodship
level within comprehensive protection of rescue operations,
evacuation of people and staying in displacement areas

- tasks to be done in benefit of the army

- participation of armed forces and civil defense in liquidation
results of havoc and tasks within protection of the environment
endangered by dangerous substances and poisons coming from
industrial factories floods etc.

- organs taking over control of civil defense in case of damage of
its HQ of voivodship level and towns regarded as especially
endangered

- other necessary information.

Civil defense plans of voivodship level are marked “SECRET”,
at the level of factory or commune “FOR INTERNAL USE”. It is
possible to work out with permission of appropriate chief of civil
defense, one common plan for civil defense for some factories
which are within premises of one manufacturer or directly adjoin-
ing ones. Voivodship chiefs of civil defense define detailed rules
for working out the civil defense plans pass them on to subordinate
chiefs of civil defense and managers of factories, all necessary data
to work out plans on respective organizational levels. Civil defense
plans are coordinated with other organs and units only in the part
concerning collaboration with them. Plans are signed by chiefs
of civil defense (managers of a factories). Plans coordinated with
superior regional chief of civil defense and then ratified by chief of
civil defense of voivodship, region, commune, manager of a factory.

Civil defense plans consist of:
- graphic documents (maps, plans, sketches)
- descriptive documents (legends).

Graphic documents of civil defense plans are made on maps:
- at voivodship level (scale 1:100 000 or 1:50 000)

- at region and commune level (scale 1:25 000 or 1:10 000)
- at factory level (on factory plans).

Descriptive documents (legend) are made as:
- conclusions

- diagrams

- specifications.

Structure and contents of the factory civil defense plan

Plans of civil defense should have the structure in accordance
with instructions by Chief of Civil Defense of the country. There
is a structural uniformity. But according to the rule of reality each
plan corresponds with specialty of the planning organ. A factory’s

civil defense plan does not encompass personal and material ser-
vices releasing from military service and protection of a factory.

The following contents should be in a civil defense plan:
Assessment of threat and activity intention
Contents of the document in a graphic form:
1. Assessment of threat at peace:
- Displacement of flammable, toxic, explosives and industrial
materials in the factory and its environment
- Fire threat
- Flood threat
- Other threats
- Foreseen results of extraordinary events.
2. Assessment of threat at war:
- Objects that can become military targets and foreseen results
of enemy’s assaults
3. Displacement of machinery important for production continuity
4. Displacement of the alarm means, elements for detection of
contamination and medical service
5. Factory’s civil defense HQ
6. Place of forming factory’s civil defense.

The contents of documents in a descriptive form
1. Conclusions on assessment of threat at war and peace con-
cerning:
- ways of protection the staff (shelters, equipment for means
protection, evacuation)
- protection of important mechanisms, technical and techno-
logical specifications
- organization of civil defense formations
- staff getting ready for self-defense against results of threats
- scope of collaboration with other town or neighboring fac-
tories rescue groups.
2. Intention of activity in order to realize tasks of civil defense
includes:
- organization of threat detection and alarming the staff
- organization of staff evacuation
- sheltering the staff and stock with individual means of pro-
tection against contamination
- organization of civil defense
- organization of collaboration with town and neighboring fac-
tories rescue groups
- preparing the points of special operations
- protection of properties necessary for staff survival
- realization of tasks given by regional chief of civil defense
- marking the factory with the protective signs.

The graphic part is done on the factory plan or town’s plan
using conventional tactical signs and abbreviations used in civil
defense. Information from assessment of threat can be obtained in
Division of Crisis Management and Citizen Protection.

Rescue forces of a town consist of:

- police forces

- professional and volunteer fire fighters
- unit of chemical rescue

- medical and technical services
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- operational services of voivodship

- municipal guards

- duty service of Regional Center for Crisis Management
- military base duty service

- civil defense formations of neighboring factories

- other forces which can be called for rescue operations.

Marking the factory with international protective signs concerns:
- medical premises
- objects of culture.

Staff evacuation plan

The documents that are being worked out concern staff evac-
uation as well as important mechanisms and specifications. Fac-
tories which can be dangerous for neighboring citizens because of
malfunctions of mechanisms containing poisonous industrial agents
get from regional chiefs of civil defense tasks connected with the
protection of the citizens.

The contents of the documents in a graphic form:

» places and areas endangered where evacuation of staff is planned
« ways of staff evacuation

« areas of displacement

« displacement of elements that protect evacuation.

The contents of the document in a descriptive form:

« staff’s conduct in case of danger requiring leaving the work place

« staff’s conduct in case of terrorism (planting the bomb or other
threats)

« ways of notification and alarming the staff

« protection of important documents, seals, computer programs
and money

« calling the police (fire fighters or other) and cooperation with
them

« organization of safeguarding of evacuation given by regional chief
of civil defense.

Documents in a form of registers and specifications:

« arrangement of means for preparing protective premises or
rearrangements of premises for protective shelters

« providing the staff with individual means of protection against
contamination

« furnishing the civil defense formation with equipment and mate-
rials

« displacement of premises assigned for staff living quarters

« specification of goods necessary for staff’s survival

« realization of blackout

« possibility of giving the first aid for the staff.

Citizen evacuation (in this case factory workers) from endan-
gered areas of town is organized by self-government administra-
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tion offices by forming the groups on evacuation and elements for
protection of evacuation. These elements are:

- Information and evacuation points

- Embarkation points

- Distributions points

- First aid and technical support points.

Providing civil defense formation with technical and military
equipment is realized by a civil defense inspectorate. Individual pro-
tective means against contamination can be bought in a regional
warehouse of civil defense equipment, while supplementary means
should be done individually.

A plan of logistic protection of civil defense activities:

The contents of documents in a graphic form:

« Displacement of freshwater reservoirs and water for industry
and fire fighting

« Displacement of points of special operations (medical interven-
tions, decontamination of means of transportation, garment,
veterinary interventions)

« Displacement of goods necessary for staff survival (firewood,
medicine, foodstuffs, hygienic staff, electricity inducing units,
disinfectants, fuels, repairing means)

« Displacement of shelters and protective hideouts

« Displacement of civil defense equipment warehouse and other
protective equipment

« Elements connected with blackout

« Displacement of medical service points

An activity plan of civil defense in the process of getting the
higher levels of defensive readiness.
The contents of documents in a descriptive form:
« Characterization of levels of defensive readiness of factory
« General schedule of getting higher levels of defensive readiness
« Activities of the administration team of civil defense during
getting higher levels of defensive readiness.

Working plans of Center for Crisis Management

- composition and tasks of team members

- notification of team members

- preparing the work places for managing team and its equipment
(communication equipment, protective means, living quarters
equipment and other).

Specification of permanent duty
Getting higher levels of defensive readiness is connected with
realizations sets of tasks:
« for getting higher levels of defensive readiness one should realize
set of preparing tasks as well as first and second set of tasks,
« for getting complete level of defensive readiness one should
realize third set of tasks.
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ALGORITMUS ROZHODOVANIA POQNIKOVEHp MANAGEMENTU
S MOZNOSTAMI RIESENIA KRIZOVYCH SITUACIH Z UCTOVNYCH,
FINANCNYCH A EKONOMICKYCH RIZIK

ALGORITHM OF DECISION MAKING PROCESS BY CORPORATE MANAGEMENT AND WAYS OF
RESOLVING CRISIS SITUATIONS CAUSED BY ACCOUNTING, FINANCIAL AND ECONOMIC RISKS

Vedecky prispevok publikuje formuldciu algoritmu a metod strategického rozhodovania podnikového TOP manazmentu s obmedzovanim
a moznostami rieseni krizovych situdcii vzniknutych z iictovnych, financnych a ekonomickych rizik. Algoritmus riesi jednotlivé stadid Zivotného
cvklu podnikov a uvddza rizikd, metody ich analyzy, vyplyvajiice tak z externych, ako i internych faktorov prostredia manazmentu. Cielom je
definovanie rizik a spésobov ich elimindcie. Prispevok zahriia vysledky vyskumu EP 7260 (Brno, 1998-2000), GA MSM 431100007 (Brno,
2000-2001) a EP - 12/2001-2003 (Brno, 2001-2002). Metodicky postup sa opiera o metédy: analyticko-syntetickii, kompardciu, riadeného
rozhovoru, metody strategického rozhodovania, metédy krizoveho manaZmentu a vybrané metody iictovné, financné a ekonomické analyzy.
Vedecky prispevok nadvizuje na publikdcie na konferencidch a vo vedeckych casopisoch FSI ZU Zilina (2000), SPU FEM Nitra (2000-2002),
PEF CZU Praha (2000-2001) a IAES (Vienna, 1999), (Montreal, 1999), South Carolina, 2000), Paris (2002). Vysledky vyskumu boli overené
vo vybranych podnikatelskych subjektoch pri rieseni krizovych situdcii, do ktorych sa tieto subjekty dostali nespravnymi reakciami na zmeny
v prostredi manaZmentu.

The scientific paper presents an algorithm and methods of strategic decision making process by top management and ways of eliminating
and resolving crisis situations caused by accounting, financial and economic risks. The algorithm deals with a business’s lifetime stages and
presents the risks, as well as the methods to analyse such risks, based on both external and internal factors of managerial environment. The
aim is to define the risks and ways of eliminating them. The paper includes results of the EP 7260 (Brno, 1998-2000), GA MSM 431100007
(Brno 2000-2001)s and EP - 12/2001-2003 (Brno, 2001-2002) research projects. Methodology is based on analytical-synthetic methods,
comparison, controlled interview, strategic decision making process, crisis management methods and selected methods of the accounting, financial
and economic analysis. The paper also follows up the works published at conferences and in scientific journals FSI ZU Zilina (2000), SPU
FEM Nitra (2000-2002), PEF CZU Praha (2000-2001) and IAES (Vienna, 1999), (Montreal, 1999), South Carolina (2000), and Paris
(2002). Results of the research have been verified on selected enterprises in the process of dealing with crisis situations which afflicted these
enterprises owing to unsuitable reactions to changes in the managerial environment.

1. Introduction

Successful management of any business requires meeting various
prerequisites. One such crucial prerequisite is a decision making
process by the business’s management, now being a much more
demanding task than ever before. Currently, managerial environ-
ment finds itself in a very turbulent period involving oncoming
effects of the globalisation process which is taking effect all over
the world. This situation calls for an optimal combination to deal
with individual aspects of this globalisation process and many
other regional issues. With respect to this, what is more and more
important is transformation management and crisis management.

Changes experienced in external business environment and the
ability to accommodate demand many things of managers. First,
it is the ability to prepare their businesses and staff to be able to
cope with such changes, both in terms of mental strength and busi-
ness organisation. Second, it is the ability to take an appropriate
action. The changes might well concern business strategy, processes
either in manufacturing or in information flow environment and
many other things.

Transformation management is dealt with by many authors,
both at general level and at the level of practical applications.
Conclusions presented in this paper are in line with the publica-
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tions by Hron [5], Gozory [4], Simo [13] and others. Drucker [2]
states that no century in the history of mankind has ever seen so
many radical changes as did the twentieth century. Drucker pre-
sents, in his publication Management at the Time of Great Changes,
practical experience from business and concrete approaches which
are available for us to cope with the given situations and learn
practical lessons of them. Drdla and Rais [ 1] give advice important
for successful management of a firm, as to for which changes to
opt and how these changes should be scheduled. They also present
some model situations for transformation management, methods
of avoiding conflicts and ways of addressing possible problems.
Conclusions made by many authors suggest that changes are speed-
ing up, bringing many benefits to consumers, but large troubles to
effective business management. The conclusions also suggest that
only those businesses that are able to answer these changes ade-
quately will survive.

As supported by our research, successful management of trans-
formation process requires that various analyses be drawn, most
of them being chiefly analyses of accounting, financial and eco-
nomic information. What all these analyses have in common is
the fundamental principles that are based on accounting and have
major impact on other areas as well. The principles concerned
include, in particular, chronological record of changes in account-
ing, systematic approach (either synthetic or analytical), double-
entry records, documentary and replica principle, principle of
caution, etc. Having traced how a company follows the above prin-
ciples in practice, the economic and financial data, besides respect-
ing the company’s concrete management environment, give a true
picture about the company’s situation and the changes in its man-
agement process.

2. Objective and Methodology

The objective of this paper is to present the results of research
projects EP 7260 (Brno, 1999-2000), GA MSM 431100007 (Brno,
1999-2000) and EP 12/2001-3 (Brno, 2001-2002) on crisis man-
agement and transformation management with respect to corpo-
rate management, including specification of feedback action, i.e.
formulating benefits which might lead to better fulfillment of the
company’s long-term goals using accounting, financial and eco-
nomic data.

This paper follows up our publication MANAG 2001, publica-
tions MZLU PEF Brno (1998-2001), CZU PEF Praha (1998-
2000) and, in particular, publications International Atlantic Eco-
nomic Society Rome (1998), Vienna (2000), and Athens (2001).
Research results prove how crucial for decision-making process of
a company’s management are marketing analyses, in particular.
The paper also includes results of application of company and
product lifetime analyses, analysis monitoring what customers
demand of a product and assessing the degree of saturation of cus-
tomers’ needs. Other analytic approaches were applied as well,
such as BCG and SPACE analyses, marketing research and market
research analyses, algorithm of forming, implementing and modify-
ing business strategies. Results of these approaches are presented,

too. Managerial decision making process is based on information
systems with supporting programs in computer network and impor-
tant analyses of accounting, financial and economical data.

Transformation and crisis management follow up an already
developed methodology and its practical use in businesses under
research. It is how business strategies are formed, implemented and
modified and the need to clarify these strategies as a result of the
turbulent managerial environment and other major influences.

A detailed analysis has been applied to a group of selected busi-
nesses. The results presented are for Bioveta (joint stock company)
based in the town of Ivanovice na Hané, for Zemspol Studénka
(joint stock company) and other businesses.

3. Results and Discussion

The EP 7260 research (Brno, 1997-2000) has developed the
basic methodology consisting of the following partial steps:

« determine the current lifetime phase of the business concerned
using the following scale: establishment, childhood, adulthood,
decline, revival and crisis situation involving an overall threat to
company;

« determine fundamental options for the business or its part to
develop (decay) with respect of general strategic alternatives,
i.e. stabilisation, expansion, reduction or combination;

« analyse crucial factors of managerial environment by means of
applying the Ishikawa’s cause-and-effect chart;

« carry out economic and financial analyses according to a stan-
dard known as the European Standard;

« based on the analysis, specify expected situations using a simu-
lation model, developed by the author during research, to analyse
output, its costs and profitability;

« specify business strategies for a new business or formulate
changes in business strategies for already established businesses
as well as spelling out methods to assess these strategies;

« implement new or modified strategies;

consider the option to apply vertical integration processes;

apply strategies involving the management process to control the

required changes as a reply to managerial environment changes.

We gained much positive experience when verifying the above
methodologies in practical operation of the selected business. Our
experience helped us draw realistic conclusions in the process of
responding to changes particularly of the external managerial
environment. The strategic management decision-making process
determines the space open to dealing with other decision-making
processes, which control the processes on further stages.

The above methodology algorithm of formulating, implement-
ing and modifying business strategies clearly shows that changes
can concern all lifetime phases, as the actual lifetime of a business
is not bound to follow a standard line and the homeostasis, i.e.
a corresponding accord between the external and internal man-
agerial environments, may be rapidly broken as a result of changes
in managerial environment, and external managerial environment
in particular.
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We can split up the changes into two groups, in relation to
causes and nature of changes, i.e. a change may just occur or be
scheduled beforehand, i.e. planned and controlled. Changes of the
first group come unexpectedly, i.e. without any plans. The research
has come across many changes like that, occurring particularly in
external factors. Most of those changes pose a threat. The follow-
ing can be classified among them:

« anew, and unknown so far, potential competitor is introduced
to the market, which results in a significant reduction of current
sales;

« amarket is lost, with the various causes being of either economic
or political nature;

« conditions on financial and capital markets go worse significantly
and therefore financial resources open to businesses get limited,
plus some other factors.

Many surveyed businesses, and those operating particularly in
agriculture, had found themselves in a crisis caused by the above
factors and had to apply the methods of crisis management.

An approach capable of coping with the crisis can be divided
into three basic phases:
« crisis degree analysis (1);
« setting up a crisis strategy, i.e. reducing or eliminating the degree
of crisis (2);
« implementation of the crisis strategy (3).

The above approach was applied to deal with crisis at Zemspol
Studénka, joint stock company. Crisis degree analysis (1) follows
up the PEST and SWOT managerial environment analyses. Based
on these methods, factors were specified which put the business
under threat and can further do so, as they are probable to take
effect, i.e. factors called threat with respect to external environment
and weaknesses with respect to internal environment.

Setting up crisis strategies (2) follows up the crisis degree
analysis by defining the effects which would take place if the given
crisis factor occurred, i.e. defining kinds of practical economic
impact on the business. Having drawn crisis probability analysis
including possible impact, we obtain a thing we call crisis matrix,
which gives crisis factors plus occurrence probability on lines and
impact affected by the factors in columns. This method reveals four
basic combinations:

« high degree of threat probability plus over-average to large eco-
nomic impact (I);

« high degree of threat probability plus under-average to small
impact (II);

« medium to low degree of threat probability plus large economic
impact (III);

« medium to low degree of threat probability plus small economic
impact (IV).

Crisis matrix is an outline for the management specifying
possible ways of addressing the crises:
« situation I and III requires elimination of most critical issues by:
« not doing the activity;
« reducing and cancelling the activity eventually;
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« formulating an alternative solution.
« situation II requires:
« reducing the activity;
« or trying to find an alternative solution to the problem.
« situation IV allows addressing the crisis through:
« trying to find an alternative solution;
« or addressing the crisis with common operating measures.

To deal with the crises, a crisis plan had been established which,
being followed, contributed to regaining the balance between the
external and internal managerial environments.

The other group of changes, i.e. planned changes, concerns both
external and internal managerial environments. These changes can
be described as gradual, long-term, large-scale and bringing major
changes into the business activity proper, human resources, financ-
ing methods, market segment modification, market share modifi-
cation and other things. Many authors deal with these changes.
Moreover, some models have been developed, such as Levin’s model
of change, at the general level to address and solve such changes.

The research has revealed that both groups of changes are
very important for a business to do well. The ability to respond to
sudden, and often unpredictable, changes in external managerial
environment is important in order to maintain the business’s fun-
damental long-term functions and aims. Planning major changes
is very important for a business to ensure its further development
and prosperity in a respond to changes occurring particularly in
external managerial environment.

It is crucial to monitor the key external and internal factors
according to the business’s current lifetime phase and answer these
factors with suitable managerial tools. The above mentioned clearly
shows that, in order to have effective transformation management,
the business needs to have available a quality information system
which is capable of monitoring the current managerial environment,
analysing data and processes, and allowing specification of pre-
requisites for possible changes to take place in external and inter-
nal managerial environments.

The research supports the assumption that results of analyses
are significantly influenced by to what extent the accounting state-
ments and accounting as such can give a true picture in terms of
the factors below:

o Accounting statements as such have some weaknesses which are
due to the fact that principle of reliability is preferred to the
principle of data relevance for data users. These weaknesses of
the balance sheet include the practice of using historical prices
for accounting purposes. This means that the original input prices
of assets are shown in the statements, disregarding any market
value increase (apart from some exceptions such as financial
investments). Assets depreciation is shown through amortisation
(its value is often just a gross estimation of the expected usable
life) and adjustments, respectively, but no possible price increase
would appear in the balance. Therefore, such possible increase
would be reflected in economic results no sooner than at the
time of sale of the asset. Moreover, the balance sheet does not
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show the liability value in case of property lease through finan-
cial leasing. After the leasing is over ownership rights to the
property transfer to the lessee for a symbolic amount and this
value is included in the lessee’s assets, which, again, results in
assets undervaluation. The analyst can draw correct conclusions
only if he or she has access to data included in appendices to
accounting statements. Another weakness with the balance sheet
is that it shows the assets and resources as at the date of final
accounts and often does not correspond with the development
during the accounting period when significant fluctuation may
occur. This can be adjusted only partially by means of averag-
ing the input data or making internal analyses in shorter inter-
vals.

Use of accounting methods - such as write-off plan, strict obedi-
ence of some accounting principles - such as caution principle,
are reflected in the formation of adjustments to assets (decisions
whether to form adjustments, from which base, at what amount,
how frequently the assets would be revaluated), in the (non)-for-
mation of particularly other, non-tax reserves, and in strict accru-
als, etc. Drawing correct conclusions on financial situation of
a business or achieving space comparability can only be suc-
cessful if you know the accounting policies of individual account-
ing units. For instance, the caution principles get reflected in
formation of adjustments to assets, methodology for reserve for-
mation, etc. Therefore, accounting data should be interpreted
with respect to how the given accounting unit constructed the
data shown in the statements. There should be knowledge, for
instance as far as short-term assets are concerned, of the method-
ology for formation of adjustments in receivables and inventories,
because, with different degree of caution applied and identical
assets, there are revealed different indicators of financial analy-
sis (liquidity, assets, etc).

To achieve comparability of accounting units (or to make

1. Approach of the English speaking countries - it is useful to order

the assets by liquidity (the ability to be changed into money)
from the most liquid to the least liquid, which is to divide the
assets into first class assets (cash, money on bank account,
short-term marketable securities), second class assets (receiv-
ables), third class assets (inventories) and fourth class assets
(fixed assets), respecting some rare exceptions such as easily
realisable inventories or fixed assets. Resources for assets cover-
age must be analogically adjusted, with liabilities classified by
date of maturity, from hose with the shortest maturity to those
with the longest maturity, respecting the rule that long-term
assets should be financed from long-term resources. Data
adjusted this way will be used to construct the ratio indicators
of financial analysis. The profit and loss account must be trans-
formed so that revenues from manufacturing and trade activities
are coupled with corresponding costs, followed by revenues and
costs related to financial and extraordinary activities. Profit
(loss) results revealed are adjusted by income tax and, after dis-
tribution of profit to owners, we get the undistributed profit.
Having adjusted the above things, it is easy to identify which
activity (operational, financial or extraordinary) was a priority
for the business and which were the changes in comparison to
previous year, if any. Also, this information can well be used to
construct the ratio indicators.

. French approach - we try to rid the final accounts of individual

businesses of different accounting policies (formation of adjust-
ments, long-term assets write-off, formation and drawing of
reserves, etc). The accounting balance sheet is transformed to
the economic balance sheet - all assets are given in gross values
and the depreciation of assets by means write-off and adjust-
ments is given in liabilities proper as a source of finance, as
well as the reserves. The capital proper is divided into internal
capital formed by the activity of the business (including the

comparison to some standards), we can adjust accounting data in

the following ways:

« Rid the indicators of different ways of forming adjustments by
applying some other, better-constructed ratio indicator. For lig-
uidity, the commonly used indicators, which compare short-term
assets to short-term liabilities, could be replaced with an indica- | « Accounting statements users, however, quite often carry out
tor showing the cash flow solvency (and constructed by indirect methodologically correct calculations using data that do not cor-
method). This indicator would be divided then by the differ- respond to the reality. This might be result of insufficient knowl-
ence between foreign short-term debts and financial resources edge on the part of accountants, or the data were intentionally
(money and bank accounts). The information we would obtain distorted, main accounting principles were broken and the
is no longer distorted by different methodologies used for adjust- management is trying to manipulate the data so that they show
ment formation. the results the management want them to (in relation to, for

« Another option is to transform the balance sheet data into instance, a credit application, a wish to present better results
a financial balance sheet. Here, identical methodology for adjust- than those achieved in fact). Sometimes, assets are recorded
ment formation is used for the businesses under comparison that bring no economic profit for the business, technical appre-
(classification such as by time elapsed after maturity date, period ciation is replaced by adjustment and vice versa, the caution
of inventories turnover, etc). To adjust this, you have, of course, principle is not observed, expected usable life is incorrectly esti-
to know the applicable methodology (internal guidelines of the mated, long-term liabilities are intentionally recorded as short-
business). term ones in order to appear better in terms of liquidity indicators

and vice versa. Also, the economic operations are carried out in

such a way that the required results could be recorded in account-
ing (i.e. accepting a short-term credit only as at the balance
sheet day).

already mentioned amortisation and adjustments) and external
capital (put in by the owners or other entities). To adjust the
profit and loss account is a much more complex process and
its clarification lies beyond the scope of this paper.

These transformations should be applied to all data analysed,
i.e. to balance sheet as well as profit and loss account. Two
approaches can be employed:
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Financial investments open up rather a significant space to
manipulate the profit (loss) results. You can influence the profit
(loss) data already in the phase of financial investment acquisition
when the relevant fact for classification into either fixed or current
assets is the purpose of acquisition at the time of purchase. In both
cases, these assets are valued at purchase price since 1 January
2002, but the price is converted to actual value as at the date of
final accounts (in defined cases). For long-term financial invest-
ments, the difference in relation to the purchase price is an increase
or decrease in the capital proper. For marketable securities,
however, this difference will show in the profit (loss). For short-
term financial investments, which were valued strictly at historical
prices until 31 December 2001, the accounting unit, selling the
same securities purchased at different prices, had an option as to
which price it would use to value the decrease and thus the unit
was able to influence economic results through the sale. For inven-
tories, the accounting unit has an option as to whether it includes,
in line with applicable procedures, the credit interests into inven-
tory prices or not, which also influences the recorded results.
Moreover, the profit (loss) can be influenced by choice of method
for valuing the decrease of inventories acquired for different unit
prices. For record keeping reasons, it is practically impossible to
value the decrease at actual purchase prices and that is why the
accounting unit opts for the FIFO approach or the approach of
weighted mean (constructed either continuously or periodically).
In fact, the FIFO approach follows the physical flow of invento-
ries. In comparison with actual prices, this approach results in
overestimating the profit in the case of inflation environment,
because higher revenues are coupled to lower operational costs.
The weighted mean approach minimises the fluctuation of prices,
but, on the other hand, costs are not coupled to the correspond-
ing revenues accurately. As for inventories, there are often carried
out operations which are to result in significantly influencing the
profit (loss) of the accounting unit. It concerns, for instance, mutual
(circular) transactions when two or more accounting units sell to
each other and purchase back completely identical stock with
a profit margin agreed in advance, which, of course, manipulates
the accounting profit. Similarly, it is possible to evade the need to
adjust the evaluation of unmarketable inventories by means of
selling and buying back. A very important area is the off balance
sheet financing that takes effect particularly when financial lease
of assets is concerned. The majority of lessees have no long-term
lease liability recorded in their respective balance sheets and record
just the realised leasing payments and the actual amount of long-
term resources. Foreign resources must be for analytical purposes
increased by the amount of total payments (given in an appendix
to reporting sheets). Moreover, such entity, because the balance
sheet long-term assets are not recorded during the lease, may appear
as a business with an outdated method of management and a high
degree of wear and tear.

Another area vulnerable to “creative” (misleading) account-
ing is the long-term non-tangible assets (records and write-offs of
installation expenses, goodwill, etc).

As shown by the research results, corporate accounting plays
a significant role in providing important financial and economic
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information, particularly when increasing risk is recognised in time,
and enabling the management to deal with a crisis in its early
stage. The things concerned chiefly include analysing the funda-
mental report sheets, i.e. the balance sheet, the profit (loss) account
and the cash flow. The analysis gives clear picture of how impor-
tant it is to observe all accounting principles. Our conclusions are
in line with conclusion drawn by some other authors, such as
Krupova [6] and Rezkova [8].

The point of analysing should be to recognise possible threats
or initial stages of a financial crisis. Persons taking part in such
analysing process include not only the management and the inter-
nal inspection body, but also those external users who are within
the business’s external interest groups.

Our research has identified major risks in the process of
analysing accounting data. The risks include:

« weaknesses following on how reports are constructed, such as
the difficulty with giving a true representation of things which
are hard to quantify, disregard for fluctuation of an indicator
during the year, application of historical prices without regard-
ing input price increase (silent reserves), etc;

« problems with space comparability of data, or with comparing
data to some standards, due to different methodologies for record-
ing accounting transactions;

« credibility of recorded data, as they might be misleading because
of intentional or unintentional distortion.

As shown by the research, unintentionally distorted data are
usually a result of unprofessional work or insufficient qualification
and can cause a lot of problems. Intentional manipulation put a busi-
ness under several threats; some of them are identified in a short
time, but the other can well take effect in the long term.

As shown in the analysis carried out, each enterprise trying to
do well should, through analysing its accounting, identify any risks
in sufficient advance and recognise early stages of possible finan-
cial or economical crisis.

4. Conclusion

The paper deals with the significance of accounting, financial
and economic data for effective business management, and, in
particular, for analysing crisis situations and proposing solutions.
The paper presents the results of the GA MSM 431100007 and
12/EP/2001-2003 research projects, with respect to analyses of
accounting, financial and economic data and use of these data in
analysing crisis situations in businesses and formulating measures
that might lead to eliminating and resolving such situations. The
research proves that it is important to follow accounting princi-
ples, which have a direct impact on the quality of all financial and
economic data. The methodology is based on managerial environ-
ment analysis, analysis of accounting, financial and economic data
and strategic decision making. The conclusions have been verified
on selected enterprises.
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MANAZMENT KOMPLEXNYCH STRUKTUROVANYCH ZDROJOV
VINZINIERSTVE A STAVEBNICTVE

COMPLEX-STRUCTURE RESOURCE MANAGEMENT IN ENGINEERING AND CONSTRUCTION

Originadlny problém rieseny v tomto clanku je model analyzovania hierarchicky Struktirovanych zdrojov zabezpecujiici riadenie dostup-
nosti a vyuzitelnosti zdrojov v alokovanych jednotkdch komplexnej Struktiiry pre urcené prdce. Tento model je aplikovatelny pri ndvrhu rozho-
dovacich systémov v planovani vojenskych a inZinierskych operdcii. Hodnotenie jednotiek takychto Struktiir s vyuzitim pocitacov vyzaduje vziat
do uvahy skutocnost vzajomného ovplyviiovania jednotiek. Okrem metody hodnotenia komplexnych zdrojov sa v prdaci formuluje i model roz-
miestnenia hierarchickej Struktiiry pre prdace na oddelenych pracovnych frontoch. Model umoznuje automatizdciu vypoctov zalozenii na navrh-
nuti kontraktora pre sitbor ¢innosti vykondvanych na pracovnych frontoch, ktoré majii zdaklad v ich spotrebe prdce vztiahnutej na zdroje na
akejkolvek iirovni hierarchickej struktiiry.

The original issue solved in this article is the model of analyzing hierarchical-structure resources ensuring controlling the availability and
engagement of the resources in allocating units of a complex structure for given works. This model is applicable when designing the decision
facilitation systems in planning military and engineer operations. “Qualifying” the units of such structures using the computer requires taking
under consideration the fact of units “nesting” in others. Apart from the method of “qualifying” complex resources, in this work has been
Jormulated a model of allocating a hierarchical structure for works on the separated work fronts. The model enables an automation of
calculations aimed at designating the contractor for the set of tasks executed on work fronts, based on their labor consumption referred to the
resources of any of the levels of a hierarchical structure.

1. Introduction works that have a common designation as engineer and construc-
tion works.

Engineer and construction operations consist in executing works
of varied character and scope in various locations (fig. 1) and in
different technological and time conditions. Such operations should
be related to a specific organizational unit which has means of
work - resources - in its structure. Whenever considering here engi-
neer and construction operations, we mean specific material oper- ‘
ations carried out by a specific contractor with a known resource PROGRAM OF O émous
potential and a defined plan of executing the contracted tasks. or conTmpToR
This is not the execution of a single project but participation in the
realizing of numerous projects (fig. 1). The contractor considers
these projects as work fronts to which he is obliged to allocate ade-
quate labor forces (resources) in the time required by the orga-
nizers of those projects, in order to carry out the tasks allocated
to him. Fig. 1. Diagram of the interdependence of contractors’ projects and

Project

== ]

Project B

production schedules in engineering and construction.
Resource allocation management is one of the main problems

in production planning in a construction company. It is also a deci- Resources can be organized into various complex structures.

sion-making task in planning the operations of military engineer | In essence, when analyzing the character of a structure, one can

sections and engineer rescue units. The type of operation in both | distinguish their two types:

these organizational structures is very similar, despite certain dif- | ¢ hierarchical (e.g. of military type),

ferences in their resource structures because these units carry out | « additive organizational units.
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E-mail: romanm@sec.polbox.pl
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Additive units can be specialized or comprehensive. Specialized
units do not compete with one another in task realization, however,
comprehensive ones can seek to carry out specific tasks (shared
by them), so there is a decision making problem here when allo-
cating tasks.

Hierarchical-structure resource management is relatively diffi-
cult. Such structures can be found not only in the military but also
in rescue units. Based on their pattern are also created militarized
units, engineer sections in case of flooding and other natural dis-
asters. When directing their operations it is required to examine
possibilities of realizing tasks through an analysis of resources at
their disposal in a specific part of the contractor’s hierarchical
structure. This is not an easy task, since most often it is not known
which of the parts of the hierarchical structure (which of the sub-
units of the given structure) is able to realize the considered tasks.
The situation becomes even more complicated when it must be
remembered that some of these subunits have already been assigned
and are already engaged. Thus there is a need to devise a method of
analyzing the hierarchical-structure subunits’ availability and exam-
ining the production potential of their chosen subset. This partic-
ular problem is the subject of this article.

The problem of hierarchical-structure resource management in
planning has been undertaken to a marginal degree, i.e. in studies
[1, 2, and 3]. Similarly, only very few programs for planning pro-
jects offer a possibility of analyzing complex-structure resources
(i.e. PERTMASTER, TEAMPLAN). In these programs such
a structure is analyzed only in one direction - from top to bottom
of the resource-hierarchy tree. This results in a situation that allo-
cating a complex unit to carry out a given task entails information
about the unavailability of all subunits of the resources at the dis-
posal of the appointed unit. This, however, does not affect the state
of possession of the master units. Let us illustrate this problem
with a simple example.

Let us assume that the resource-hierarchical structure is
a sappers’ battalion (sapb) consisting of two sappers’ companies
(sapc), a mining and demolition platoon (mnpl), a commanding
platoon (compl), and a supplies platoon (suppl). Each of the
sappers’ companies consists of two sappers’ platoons (sappl). Let
us assume that we have one such battalion at our disposal. If we
appoint for specific tasks one sapc and one sappl, the state of pos-
sessions turns into the following scheme: two sappl, mnpl, plcom,
suppl, so:

{sapb = (2 X {sapc = 3 X {sapg}}, {mnpl}, {compl}, {suppl}}} —
= [sapc), {sapgl} = {mnpl}, {compl}, {compl|, 2 X {sappl}}

No longer do we have at our disposal a sappers’ battalion and
the second sappers’ company because these units are characterized
by an incomplete structure. The computer program, on the other
hand, provides us with the information that we still have one
sappers’ company and sappers’ battalion at our disposal, which is,
of course, wrong. This is why a resource-structure model and
a method of analyzing it are needed in order to devise a numeri-
cal method of hierarchical resource management.

2. Formulating the problem

The subjects of this analysis are the problems of active resource
allocation for realizing engineer and construction tasks on spe-
cific work fronts. Each project comprises a few (or more) work
fronts, whereas the work front itself constitutes a defined set of
tasks. The resources are organized as a contractor’s hierarchical
structure (of military type). The essence of planning problem solv-
ing is establishing contractors for works on each of the work
fronts who are able to carry out the tasks assigned to them in the
required timeframe. By this is meant a “transposition” of the
project contractor’s structure parts onto the sets of works consti-
tuting work fronts. At the same time, the contractor’s standard
functional arrangement should be maintained (without excessively
distorting his structure) as well as a time-effective works realiza-
tion on each of the work fronts should be planned. The realization
of such tasks poses certain problems because the contractors’
structures are not separately designed for each of the investment
tasks.

Allocation of hierarchical-structure contractors to work fronts
requires a slightly different approach to examination of the avail-
ability of resources, which are here in the structure of mutual
dependence. Resource allocation (of a given organizational unit)
of a higher level results in diminishing the amount of available
resources on lower levels. On the other hand, allocating units of
lower level resources as subresource of a higher organizational unit
ensues diminishing of the realization potential of a higher organi-
zational unit.

In analyses that follow the sequential interdependence of tasks
will be omitted. Incomplete use of realization means caused by
limitations of the sequential (in series) work realization, will be
taken into consideration using adequate coefficients. This is because
the aim of this article is not to prepare a schedule of works real-
ization but only to devise a decision as to allocating forces and
means to works on certain work fronts which are able to execute
them in the accepted time.

3. Model of the contractor’s projects

It is assumed here that for executing engineer and construc-
tion tasks we are managing a set of active resources R = {r,, r,,
wes Ty ey 15} (K - the number of resource) whose parts can create
a hierarchical structure determined by adjacency matrix (see
example in fig. 2):

P= [p,vk]zxz5

in which p, - determines the number of resource units r, € R in
resource unit 7, € R.

In matrix P one can distinguish:

« Subset R’ comprising main resources which are not a compo-
nent of other resources (for these resources p,, = 0 for s = 1,
2,..,2);
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« Elementary resources - subset R” - which do not have in their
structure any other resources (for these resources p,, = 0 for
k=1,2,..,2);

« Other resources that are intermediate organizational units.

When interpreting the above described notation, one can
assume that as elementary resources are most often understood
specific machines, or soldiers, workers possessing concrete quali-
fications, while main resources are independent teams, units or
other unitary resources which are not included in any other orga-
nizational structures. We assume here that the main resources are
unitary resources (they appear in singular quantities). In order to
simplify the notation, let us assume here that matrix P is arranged
topologically and that g of the first resources is identified as the
main resources.
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Fig. 2. Exemplary graph describing the contractor’s hierarchical
structure and its matrix representation

The resources are in a situation described by the dynamics of
the operations. This means that certain units are unavailable in
given time intervals. In order to identify this unavailability we
assume that the state of the resources at our disposal will be
determined by the matrix of the availability of resources in the
time scale: D = [d,,], , y Whose parts dkt determine the additive
figures of the resources available in time unit r =1, 2, ... , H; where
H - determines the horizon of planning time. Such characteristics
can be defined by time intervals in which the availability of
resources is the same.
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Through an analysis of matrixes P and D the availability of all
resources in time can be determined:

for k=1,2,..,¢g
k=1 (1)
zk,=dk,+2pik~zit for k=g+1,g+2, ..,z

t=1

Zjy = diy

Of course, matrix Z does not determine the state of posses-
sions of the contractor, as the resources of set R are not additive,
so the number of slave structures is a function of the number of
master units and their complexity. Appointing a certain unit from
set R to realize tasks diminishes the state of the contractor’s flex-
ibility not only by this unit but also by the resources which belong
to the structure of the appointed unit.

The potential can be unambiguously determined by additive
resource units which are the elementary resources (set R”). One
can determine it according to the formula:

H
M{=> 2z, for kir, €R’ )
=1

This quantity can also be referred to the contractor’s organi-
zational units if they are treated as additive means of executing the
operation.

4. Description of the structure and scope
of the analyzed operations

‘We assume that we will be solving here the problem of allocat-
ing parts of the contractor’s hierarchical structure onto the work
fronts. The work front is, as in [4], a teritorially designated set of
works, and in an exceptional case it can be a single task.

The names of work fronts always create set F = {f}, /5, ..., j;
wos fru} (J - determines the number of work front), and the names
of tasks create set O = {o,, 0,, ..., 0;, ..., 0,} (i - the number of
task).

Tasks (parts of set O) are elementary calculation units in plan-
ning oprations. They are constituted by works determined in detail
which have to be carried out within a particular task, according to
the prescribed realization technology. In each task for one quan-
tity survey unit is determined specific input which has to be spent
so that the task can be carried out. Therefore, these are standards
which in [3] are determined by matrix N = [n,], . ., where nik
determines the amount of resource input k : r, € R for realizing
task i: 0; € O.

The scope of set O is determined by the planner. According to
the needs and conditions of realization, the planner decides on
the technology of task realization and carries out the quantity
survey of work fronts, and at the same time, specifies the number
of tasks (in relevant quantity survey units) to be carried out on
each of the work fronts. So, matrix K = [k;],,,,,, is known, in which
k; determines the number of partial tasks i: o, € O to be carried
out within work front j: f; € F; as well as matrix W = [w,]

zxm?
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whose parts determine the labor consumption of work fronts and
are determined according to the formula:

Wi = ; M~ kji (3)

Work fronts are characterized by realization deadlines (from
- to) determined by instructions. By marking these intervals with
variables <ef; e_/-f ) where J: Jf; € F, can be determined the necessary
amount of resources which has to be directed to work fronts, so
that the works on these fronts can be carried out within the
deadlines determined by instructions:
Wy = 2.
e

(k=12,..zj=12,..,m), 4)
where: a;, € (0, 1) - is the coefficient determining the evaluation
of the scope of consumption of work time by the A-th resource.

Vectors \Ifk/- for particular work fronts j = 1, 2, ..., m determine
the amounts of additive resources which have to be directed onto
these work fronts. We remember that the resources constitute
a complex structure. For comparison they should be reduced to
execution potential (in this case - the required one) referred to the
set of elementary resources. So, we calculate the number of parts
of the structure of resources in the set of additive resources deter-
mined by matrix V:

\If’kj = \Ifkj for k=12,..,¢g
=1 (%)
V=V + > py- W, for k=g+1g+2 ..z

=1

and next we calculate the required contractor’s potential for each
of the work fronts j = 1, 2, ..., m:

M=V (e —e]) for k:ir,€R" (6)

5. Formulating the decision-making problem

The decision-making problem consists in determining the
resources (the type and amount) which have to be directed onto
particular work fronts. The solution is achieved by way of “asso-
ciating” the availability of resources determined by matrix Z with
the requirements of the work fronts described by the relations
(4)-(6). At the same time we want to maintain the standard orga-
nizational arrangement of the resources without disrupting their
structures, if possible.

In the language of mathematical programming, with the
above determined data, the problem of appointing the resources
which have to be directed onto the given work fronts, so that the
works on them are carried out within the deadlines determined by
instructions, can be formulated as follows:

[0 Determine decisional variables:

X = [x]

zxm?

where x;; € C, determines the amount of additive resources
k: r, € R directed to execute works on the jth work front;

[0 so that the following conditions can be met:
- Resource availability in each time unit r = 1, 2, ..., H:
m
Dl xy =z, for k=12 ..¢g
Jj=1
(7

m k—1 m

lez * Xk + Z Pir* zljl © X =2z
Jj=1 i=1 Jj=1

for k=g+1,g+2, ..,z

where [, - availability vector of the jth work front in the time
scale;

L J1-ift€leef)
=10 - in another case ’

- The requirements of work fronts j = 1, 2, ..., m referring to
the execution potential:

Xy = \If,’q for k=1,2,...¢g
k=1 (8)
xk,/+2 x!-,-p,.kE\I/zf for k=g+1,g+2,..,z.
i=1
The potential of forces directed onto work fronts can be deter-
mined in a similar way as the needs of the fronts. So, we calculate
the numbers of the parts of the resource structure in the set of
additive resources determined by matrix X:
Xy = Xy for k=1,2,..g
k=1 )
x}(_,-=xkj+217,-k'x,-j for k=g+1,g+2, ..,z
i=1

and next the potential of the directed forces for each work front

j=12,.,m

— (o] — .
o =X (ef—¢e) for k:r,€R"

(10)

A complex structure of resources requires examining if the
structure X appointed for the given work front matches the needs
of the work front. The point here is to determine a systematical
index of work fronts enabling assessment of the allocation of
forces for executing works on fronts. Such an index should be con-
stituted by the cost of surplus resources, that is which have been
allocated over the required work fronts potential. The cost can be
determined according to the following relation:

K= > e (M3~ MY,

j=1 kER

(11)

where ¢, - the cost of outage (non-usage) of elementary resources
(k € R") per time unit.

There may be different criteria for evaluating the resource allo-
cation for the work fronts. Aiming at possibly clear-cut assignment
of the contractor to the particular work front, thus assigning
a resource unit which in its structure has necessary means for
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executing works on a given work front, we minimize the total
amount of the assigned resources:

min<p:qo=;ixkj—£'k
py

where: € k - product giving preference to the parts of the resource
structure which are the lowest in the hierarchy (we assume that
€ - is a sufficiently small coefficient and matrix P is arranged
topologically).

(12)

Criterion (12) prevents a dispersion of the resource structure
when dividing the resources between the work fronts. Aiming at
minimizing the amount of the allocated resources, comprehensive
contractors should be sought for the work fronts, if possible. This,
however, results in surplus solutions. This is why it is necessary to
add to a thus formulated criterion the second one, minimizing the
costs of surplus resources according to formula (11). Only a joint
analysis of these criteria gives effects accepted by the decision-
makers.

The cost criterion, however, should be formulated as the func-
tion of the decision variable x;; (k = 1, 2, .., z;j = 1,2, ..., m). In
this way, using the relation (9), this criterion can be formulated as
follows:

m
mink: K= Z{(e‘/f— e) - > [c* - (x)y — \Ifk@,)]}. (13)
=1 kER

The formulated model of the decision-making problem is
fairly difficult to solve using the known operational examination
algorithms. Yet, formally, it designates the description of the deci-
sions, limitations and the objectives to be met. The demonstrated
mathematical relations enable an automation of calculations, and
after their adequate transformation to a model with a one-index
decision variable, one can use the methods of linear programming
for finding a solution enabling an optimal allocation of the resources
between the work fronts. An example of such a task for a structure
of resources determined in fig. 2 is demonstrated below.

6. Example of the allocation of a hierarchical resource
structure onto work fronts

Let us assume that we will be solving a problem of allocating
the resources of the contractor whose state of possessions of addi-
tive resources in the whole of the considered time horizon is the
same. This state is determined by vector D (tab. 1). Using relation
(1) was determined the number of each of the parts of the
resource structure at the contractor’s disposal. These numbers are
determined by vector Z (tab. 1). For the resources were also deter-
mined the usage coefficients «;, € (0, 1> and the costs of the
outage of the elementary resources ¢, = 1 for (k =7, 8, 9, 10), so
the resources will be counterbalanced.

Next, we will conduct an allocation of the above determined
resources onto three work fronts, whose labor consumption and
the realization deadlines determined by instructions are shown in
table 2. Using relations (4) and (5), were determined the essential
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resources which have to be directed onto the considered fronts
(tab. 3).

State of the contractor’s resources Table 1
(data referring to the resources)
Data Main Intermediate Elementary
designation| resources resources resources
R n|nin Ty | Is | Te | 7 | Iy | To | I'g
1 1 2

1|12 2142 8§ |10 6 | 10

061(06]0707]07]07(08|0.9]0.9) 0.8

Ol |N|T

111 1

Labor consumption of the considered work fronts Table 2
and the realization deadlines determined by instructions
Work | Labor consumption of the resources - matrix W [Deadlines
fromts| ey | ey | ry | ra | s | rs | Ry | g | vy | 1o | € | €
h 4.5 6.8 0|3
f 74168 1|3
f 257 2 1.2 315

Essential resources for executing works on work fronts Table 3
Desig-
nations | 1|2 T3 Ta | Ts Ts rn 3 ry | I
fi 2.143 2.519
v\ f 4.625(3.778
f 1.836|1.429 0.667
h 2.143 4.661(2.143|2.143
¥ 4.625|3.778
5 1.836|1.429 1.836/3.931|4.693
‘Work front f;
Work front f,
Work front f;
T, 7 T, ;
0 1 3 6=

Fig. 3. Schedule representation of works execution
on the considered work fronts

The deadlines of availability of the work fronts allow to define
three time periods whose resource requirements are different (fig.
3). Because we assume that the resource allocation on the work
fronts is constant in the entire time interval of works execution on
the work front, it is enough to examine the availability of the
resources in the second and third time interval (resource limita-
tions for the first time interval are met if the resource availability
limitations for the second one are met).
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Database of the hierarchical structure of Database of the engineer and construction
the engineer and construction projects' tasks and material input standards for their
contractor (R, P) execution (O,N)
Separate the resources for Determine the work fronts and tasks, as
— executing the planned works. well as their realization deadlines:
Determine:Rd CR, m, {fj}, j=12,...m;
and resource availability D [ky] it0; € 0;<ej»,ef >
Calculate the state of availability Calculate the labor consumption of work
of the resources of contractor Z fronts W, necessary resources for works
and his execution potential M ;il , execution W, W' , and the required
for k:r, eR" execution potential M 1? ;
according to relations: (1), (2) according to relations (3) to (6)
I |
no
M >M)

ﬁ for j=1,2,...
g or j m + ves +

\ Create the task's model of decision-
Allocate the resources for works optimizing according to relations:
execution on work front [x | (7) to (10), (12), (13)
k:r. € R and calculate the execution \ 2
potential M ]é , for k:r. eR" Assume the weights for the <

optimization criteria

no *

Designate the solution for the
decision optimization task:

\_ yes X, K, ¢

v

Calculate the values of
criterial functions: K, P

Acceptance K, ¢

END

Fig. 4. Block diagram of the SFD allocation of the hierarchical-structure contractors
Jfor works execution on work fronts
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Allocated resources for works execution on work fronts Table 4
De-sig- | n|rns Ty | Is | T | F7 | ¥g | T9 | Fyo
nations

h 3 2
X | 5 2 2

S 2] 2

h 3 513 3
X | f 2 2 6 | 6

fi 2 2 2 | 4 6

In the solution it was decided that the work fronts will be
directed onto 13 organizational units (¢ = 13), whose type and
number is determined by matrix X in tab. 4. In this table is also
shown the set size of the parts of the resource structure (matrix
X") in the directed organizational units. The cost of the resources
surplus-allocated will be:

K=, 1.375 + ¢g - 2.725 + ¢y - 0.926 + ¢y - 2.164 = 7.19

A comparison of tables 3 and 4 allows one to decide if the
force allocation is correct. The amount of the allocated elemen-
tary resources (in gray spaces) outweighs the needs of these
resources for each of the work fronts. These amounts, added for
the work fronts executed parallelly, do not exceed the state of pos-
sessions determined by vector Z.

7. Concept of the computer implementation

The problem of allocating the contractors of hierarchical struc-
tures for works execution on work fronts is one of the crucial
elements of operative planning. For such planning are created
decision-making models, which should constitute the foundation
of building the systems of facilitating decisions (SFD). A schematic
diagram of SFD is presented in fig. 4. The essence of this system
is two approaches to solving the problem of resource allocation:
« first - optimizing - by creating and solving a linear model,

« second - intuitive, “manual” - by allocating the resources for
works execution on the analyzed work fronts conducted by the
user of the computer system.

The first approach may satisfy the decision-maker with its
results because of the highly polarized formulas of the target func-
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tion. Because of this reason there must exist a way of verifying the
optimizing model, or even rejecting the optimization of the deci-
sion, and taking a heuristic decision. The computer should facilitate
the user in this process as to controlling the resource availability in
time scale, the assessment of the labor consumption of the work
fronts for each of the resources, as well as evaluating the potential
of the resources directed onto each of the work fronts. The pre-
sented formulas of the decision-making model can be used for this
end.

The issue of directing the hierarchical structure resources is
an important component of automating planning in the military.
The material input for works execution can be related not only to
elementary resources but also to the organizational structures
located on any of the levels of the military sections’ hierarchical
structure. This is because one can determine that erecting a girder-
bridge, for which the quantity survey unit is 100 meters, requires
30 hours of work of a bridge-construction battalion, that is 30 bat-
talion hours; one system of obstacles and demolitions consumes
10 platoon hours (10 hours of work of one platoon), etc. Thus, in
planning it will be necessary to monitor the labor engagement of
each of the sections and examining the possibilities of assigning
specific forces for executing the subsequent tasks. Computer analy-
ses of this kind require using the presented models.

The original issue solved in this article is the model of analyz-
ing hierarchical-structure resources ensuring controlling the avail-
ability and engagement of the resources in allocating units of
a complex structure for given works. This model is applicable when
designing the decision facilitation systems in planning military
and engineer operations. In such operations are engaged hierarchi-
cal-structure units (battalions, companies, and platoons). “Qualify-
ing” the units of such structures using the computer requires taking
under consideration the fact of units “nesting” in others. Appoint-
ing for work, for example, a sappers’ company of a sappers’ bat-
talion additionally results in demobilizing the sappers’ battalion
(this battalion is already an unavailable resource) and separating
all the subresources of the sappers’ company. Apart from the
method of “qualifying” complex resources, in this work has been
formulated a model of allocating a hierarchical structure for works
on the separated work fronts. The model enables an automation
of calculations aimed at designating the contractor for the set of
tasks executed on work fronts, based on their labor consumption
referred to the resources of any of the levels of a hierarchical
structure.
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Karol Rastocny - Jifi Zahradnik - Ales Janota *

OBJEKTOVO ORIENTOVANY MODEL ZELEZNICNEHO

ZABEZPECOVACIEHO SYSTEMU

AN OBJECT ORIENTED MODEL OF A RAILWAY SAFETY-RELATED CONTROL SYSTEM

Existuje rad metod a foriem pouZitelnych na tvorbu specifikdcii
Zeleznicnych zabezpecovacich systémov alebo ich podsystémov. Napisat
vwhovujiicu technickii Specifikdciu znamend vytvorit model s poZa-
dovanou uroviiou presnosti, jasny a tisporne vyjadreny, ktory neob-
sahuje biele miesta a/alebo rozpory. Jednom z mozZnych foriem
vhodnych na tvorbu takychto modelov je unifikovany modelovaci jazyk
UML (obchodnd znacka spolocnosti OMG). V ¢lanku sii prezentované
skiisenosti a poznatky autorov, ktori pracujii nad prepisom neformdinej
Specifikdcie nového Zeleznicného zabezpecovacieho systému do objek-
tovo orientovaného modelu zalozeného na UML. Hlavnd pozornost
Jje venovand fazam analyzy a navrhu. Vysledkom prvej fazy su dia-
gramy pripadov pouZitia a sekvencné diagramy, vysledkom druhej fazy
diagramy tried/objektov a stavové diagramy. Syntax uvddzanych dia-
gramov je v silade so standardom UML ver. 1.2, v po-dobe pouZitej
SW ndstrojom Rhapsody’ ver. 2.2 (obchodnd znacka spolocnosti I-
Logix). Na zdver sii zhrnuté skiisenosti a vyhody prezentovaného pri-
stupu.

Kliicové slovi: UML, specifikdcia, objektovo orientovany, model,
Zeleznica

1. Uvod

Proces riadenia bezpeCnosti pozostava z mnozstva faz a Cin-
nosti, ktoré spolu vytvaraju Zivotny cyklus bezpecnosti. V procese
vyvoja systému je potrebné vytvorif model, ktory umozni preskusat
komplexnost a bezchybnost Specifikacie a umozni odstranit pri-
padné biele miesta alebo protirecenia v neformalnej Specifikacii.
Vseobecne plati, Ze prirodzeny jazyk alebo iné neformalne zapisy
maju vela nevyhod, ak su pouzité na technické opisy. Model
systému realizovany na baze poloformalnych a formalnych metod
napomaha ku tvorbe jednoznacnych a logickych opisov najma funk-
¢nych vlastnosti systému [1]. Jednym z nastrojov vhodnych na
tvorbu takéhoto modelu je UML [2]. UML reprezentuje sustavu
technik modelovania [ 3], ktoré sa osved¢ili pri tvorbe rozsiahlych
systémov a stava sa oblubenym, pretoZe vyrazne zefektiviiuje a skva-
lithuje proces navrhu, vyvoja a schvalovania novych zabezpecova-
cich systémov. Takyto pristup k vyvoju systému je v plnej zhode
s poZiadavkami europskych noriem pre Zelezni¢né aplikécie, napr.
[4]. Diagramy prezentované dalej v texte boli prekreslené z povod-

There is a variety of methods and formalisms usable for writing
specifications of railway interlocking and signalling systems or their
subsystems. To write a consistent technical specification means to
make a model with a required level of precision, clarity and economy
of expression that is free of unknown spots and/or conflicts. One of
possible formalisms suitable for making such models seems to be the
Unified Modeling Language’ (trademark of OMG). The paper presents
experience and knowledge of authors who have worked over transcrip-
tion of informal specification of a new railway interlocking and sig-
nalling system into the UML based object-oriented model. The main
attention is paid to analysis and design phases. The former phase
results in use case diagrams and sequential diagrams, the latter in
class/object diagrams and statechart diagrams. The syntax of the dis-
cussed diagrams is in accordance with the UML ver. 1.2 as given by
the software tool Rhapsody’ ver. 2.2 (a trademark of I-Logix). Expe-
riences and advantages resulting from the presented approach are
summarised within conclusions.

Key words: UML, Specification, Object-oriented, Model, Railway

1. Introduction

The safety management process consists of a number of phases
and activities that are linked to form the safety life cycle. During the
system development process there is necessity to make a model
that enables testing of complexity and soundness of specification
and that allows removing possible unknown spots or conflicts
included in an informal specification. Generally, natural languages
and similar informal notations are said to have many disadvantages
when used for technical descriptions. The system model realised on
the basis of semiformal or formal methods helps to develop unam-
biguous and logical descriptions of mainly functional properties
of the system [1]. One of the formalisms suitable for making such
a model is the UML [2]. The UML represents a set of modelling
techniques [3] approved in development of complex and large-scale
systems and becomes popular since it makes the process of analy-
sis, design, safety approval and acceptance more effective and qual-
itative. This approach to system development fully complies with
requirements defined in the European Standards applicable to
railway applications, e.g. [4]. Diagrams presented later in the paper

* doc. Ing. Karol Rastocny, PhD., doc. Ing. Jifi Zahradnik, PhD., Ing. Ales Janota, PhD.
Department of Information and Safety Systems, Faculty of Electrical Engineering, University of Zilina, Velky diel, 010 26 Zilina, Slovak Republic
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ného SW nastroja pomocou textového procesora kvoli lepsej Cita-
tel'nosti. V ¢lanku je prezentovany objektovo orientovany pristup
pri modelovani ¢innosti tratového zabezpecovacieho zariadenia.

2. Zjednodusena neformalna Specifikacia
funkénych poziadaviek

Sposob technického riesenia daného problému zavisi do znac-
nej miery od maximalnych poziadaviek na konfiguraciu kolajiska
(maximalny pocet tratovych kolaji, maximalny pocet tratovych
oddielov, umiestnenie vleCiek a odbocujucich miest na trati atd.)
a od prevadzkovych poziadaviek zakaznika. Tie su spravidla defi-
nované narodnymi predpismi a normami.

Model je vyvinuty pre jednokolajnu konvenénu trat, bez prie-
cestnych zabezpeCovacich zariadeni, ktora je rozdelena na pevné
trafové oddiely (obr. 1). Na hraniciach tratovych oddielov sa nacha-
dzaju trojsvetlové navestidla. Dizka tratovych oddielov je taka, aby
oddielové navestidlo mohlo byt zlucené s predzvestami pre nasledu-
juce oddielové navestidlo. V zakladnom stave svieti na oddielovych
navestidlach pre zadany smer dopravy zelené svetlo, s vynimkou
posledného navestidla, ktoré plni funkciu predzvesti a kde svieti
7Zlté svetlo. Na oddielovych navestidlach pre nezadany smer nesvieti
Ziadne svetlo. Vol'nost trafovych oddielov mdze byt zistovana kola-
jovymi obvodmi alebo pocitacmi osi.

Railway line point
(railway station)

HOO®

\\\\\\

Railway line point
(mgnal pomt)
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were redrawn from the original SW tool using the word processor
to get better readability. The paper deals with an object oriented
approach applied to modelling of operation of the safety-related
section blocking system.

2. A simplified informal specification of functional
requirements

The way of technical solution of the given problem consider-
ably depends on maximum requirements for tracks configuration
(maximum number of line tracks, maximum number of line sec-
tions, location of industry tracks and branching-off points, etc.)
and on a customer’s operational requirements. They are usually
defined by national standards and regulations.

The model is designed for a conventional single line without
level crossing installations that is sectioned to fixed line sections
(Fig. 1). At the boundaries of line sections there are three-aspect
signals installed. The length of each line section is determined in
such a way that the function of each block signal can be integrated
with the function of a distant signal for the subsequent block signal.
By default, there is a “proceed” aspect at every block signal (green
light on) for the given direction of traffic, except for the last block
signal performing the function of an entry distant signal (yellow
light on). There are no signal aspects given (lights off) at the block
signals for the undefined direction of traffic. Vacancy of line sec-
tions can be monitored by track circuits or axle counters.

Railway line point
(1ndustry hne)

\\\\

Railway line point
(railway station)

\\\\\\\\\\\\\\\N

Line section

Line section

Line

Obr. 1. Priklad konfigurdcie trate

Fig. 1. Example of the

Na trati moze byt situovanych niekol'ko vleciek. Vlaky na vleCku
mozZu byt vypravované z obidvoch stanic, taktiez vlaky z vlecky
mozZu odchadzat do obidvoch stanic. Treba uvazovat aj situdciu,
Ze vlak je na vlecku vypraveny z jednej stanice a z vlecky odchadza
do druhej stanice alebo na int vleCku. V kazdom pripade vSak ide
o rieSenie s uvolnenim tratovej kolaje.

railway line configuration

Several industry lines may be connected to the (main) line.
Trains directed at industry lines may be dispatched from each of
the indicated railway stations and the other way round. The situa-
tion when a train is dispatched from one station to the industry
line and from there further on to the next railway station or indus-
try line has also to be considered. Anyway, each solution assumes
making the line vacated.
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3. Formalny opis statickej Struktury

Pri tvorbe objektovo orientovaného modelu uvazovaného sys-
tému je zakladnou poziadavkou pouZzitie jedného modelu pre kto-
rykolvek druh tratového bodu. Tento predpoklad tsti do generického
diagramu tried, ktory znazornuje zjednodusenu staticku Struktiru
modelovaného systému (obr. 2). Struktura zariadenia v kazdom
trafovom bode je potom taka ista, pricom pocet jednotlivych objek-
tov zavisi od typu tratového bodu, topologie jeho kolajiska a tech-
nologie dopravnych prac. Package Trat obsahuje triedu cLogTs.
Z tejto triedy je generovany taky pocet objektov 0oLogTs, ktory zod-
poveda poctu tratovych kolaji spolupracujucich s tratovym bodom.
Objekt oLogTS vytvara logické zavislosti suvisiace so spolupracou
trafovych bodov pri jazde vlakov v tratovych usekoch, okrem vazby
medzi navestidlami (vdzba hlavné navestidlo a jeho predzvest).
Package Cesta obsahuje triedu cLogCesta generujucu jeden objekt
oLogCesta a triedu cLogVlakCesta generujucu objekt oLogVlakCesta
pre kazdu moznu vlakovi cestu na tratovom bode. Analogicky je
triedou cLogPosun generovany pocet objektov zodpovedajuci poctu
posunovych ciest. Objekty package Cesta vytvaraju logické viazby
medzi prvkami kolajiska tak, aby bol zaisteny bezpecny pohyb
vlaku v ramci prislusného tratového bodu ¢i uz pri posunovych
pracach alebo pri vlakovych cestach. Package Prvok obsahuje logické
véazby na riadenie a kontrolu jednotlivych prvkov v kolajisku (naves-
tidla, prestavniky vyhybiek, technické prostriedky na zistovanie
vol'nosti kolajovych tsekov, elektromagnetické zamky atd’) a tiez
riesi problematiku vazby medzi navestidlami. Package Komunikd-
cia umoznuje prenos informacii medzi zariadeniami jednotlivych
tratovych bodov. V diagrame st z dovodu prehladnosti zobrazené
len tie relacie, ktoré sa vyuzivaju pri ¢innostiach opisanych dalej
v Clanku.

LogLinePoint |

3. Formal description of the static structure

Creating an object-oriented model of the considered system,
the fundamental requirement is to use one model for any kind of
the line point. This precondition results in a generic class diagram
showing a simplified static structure of the modelled system (Fig.
2). The structure of the equipment in each line point is then the
same whilst a number of particular objects depends on a kind of the
line point, tracks topology and technology of shunting work. The
package Line contains the class cLogSLP. This class generates such
a number of objects 0LogSLP that is equal to a number of line
tracks co-operating with the line point. The class cLogSLP creates
logical dependencies related to cooperation of line points when
trains are running along the line sections, except for signal-to-signal
relation (relation between a block signal and its distant signal). The
package Route contains the class cLogRoute generating one object
oLogRoute and the class cLogVlakCesta generating one object oLog-
MainRoute for each possible main route at the line point. By analogy,
corresponding number of objects oLogShuntRoute is generated by
the class cLogShuntRoute for shunting routes. Objects of the package
Route make logical dependencies among track area elements in
order to ensure safe train running within a relevant line point -
both for shunting and main routes. The package Element contains
logical dependencies for control and monitoring of individual ele-
ments installed in the track area (signals, point operating devices,
technical means used to monitor vacancy of track sections, elec-
tromagnetic locks, etc.) and also solves the problem of signal-to-
signal relation. The package Communication makes information
transmission between equipment of particular line points possible.
For the sake of comprehensibility only those relations are shown
that are necessary for activities discussed later in the paper.

Route |
Wl cLogRoute

1 1

cLogSwitch - *
cLogMainRoute cLogShuntRoute
cLogSignal x
Line * Communication
cLogLock
*
cLogTS

cLogSection * ! ¢ . - cComModul

Obr. 2. Statickd struktiira modelu (vysek z diagramu tried)
Fig. 2. Static structure of the model (extract from the class diagram)
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4. Spolupraca tratovych bodov pri zmene
tratového suhlasu

Riadenie dopravy v tratovom useku si vyzaduje vymenu infor-
macii medzi jednotlivymi zariadeniami umiestnenymi na tratovych
bodoch. V zakladnom stave jedna stanica moze stavat odchodové
cesty (t. j. vysielat vlaky na traf, lebo ma udeleny tratovy stuhlas
(TS)) a druha spolupracujuca stanica moze stavat len vchodové
cesty (prijimaf vlaky z trate, lebo nema udeleny TS a ma bloko-
vané odchodové navestidla pre danu traf). Stanica s udelenym TS
smie vysielat vlaky na trat bez toho, aby pre kazdy vlak opétovne
ziadala TS. Spolupracujuca stanica, s blokovanymi odchodovymi
navestidlami, poziada o TS automaticky pri pokuse o postavenie
odchodovej cesty. Pri stavani odchodovej cesty sa kontroluje pri-
tomnost TS (udalost evStKontrolaTS). Ak TS nie je udeleny, auto-
maticky sa ziada o zmenu smeru jazdy vlakov v tratovom useku
(udalost evStZiadanieTS). Podmienkou pre vyslanie Ziadosti o ude-
lenie tratového stihlasu su zablokované odchodové navestidla pre
danu traf (na navestidle sa dava navest zakazujlca jazdu) v stanici,
ktora Ziada o TS a volny tratovy usek medzi spolupracujucimi sta-
nicami. Ziadost o udelenie TS sa prenasa postupne z jednej stanice
cez jednotlivé trafové body az od druhej stanice. V stanici, ktora
prijala Ziadost o TS, sa zablokuju odchodové navestidla pre danu
trat v polohe zakazujucej jazdu vlaku a vyda sa povel na udelenie
TS pre stanicu, ktora on Ziadala. Informacia o udeleni TS sa opét
prenasa postupne od jedného tratového bodu k druhému tratovému
bodu spit do spolupracujucej stanice. Pri jazde vlaku v tratovom
useku sa vysiela z jedného tratového bodu (alebo stanice) informa-
cia o jazde vlaku (tzv. odhlaska) do predchadzajuceho tratového
bodu (alebo stanice) za predpokladu, Ze bol zaznamenany vjazd
vlaku na tratovy bod, ze tratovy oddiel medzi tymito dvoma trato-
vymi bodmi je volny a navestidle pre dany smer jazdy sa dava
navest zakazujuca jazdu vlaku. Okrem tychto zakladnych informa-
cii treba prenasat medzi susednymi tratovymi bodmi informacie
o stave tratového oddielu (vol'ny, obsadeny) a informacie o stave
navestidiel (vdzba medzi hlavnym navestidlom a jeho predzves-
tou).

Na zaklade tejto jednoduchej ne-
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4. Co-operation of line points when changing single
line permission

Traffic control within the line section needs information
exchange between individual equipment installed at line points. By
default one railway station may set outgoing routes (i.e. dispatch
trains to the line because of having single-line permission (SLP)),
while the other co-operating railway station may set only entry
routes (i.e. accept trains from the line because of having no SLP
and due to blocked departure signals). The railway station having
SLP may dispatch trains to the line without any re-asking for the
permission if once granted. The co-operating station with blocked
departure signals asks for SLP automatically when attempting to
set a departure route. In the process of setting a departure route
existence of SLP is tested (event evStCheckSLP). If SLP is not
granted, request for change of traffic direction is automatically gen-
erated (event evStRequestSLP). Request can successfully be trans-
mitted provided that the relevant departure signals in the request-
ing station are blocked (having stop aspect) and the line between
both co-operating stations is vacated. Request for SLP is then
transmitted from the requesting station through the line points
successively as far as to the other station. The station, that has
accepted the request, blocks its departure signals (having stop
aspects) and transmits SLP to the requesting station. This infor-
mation is again transmitted through line points back to the other
co-operating station. When a train runs inside the line section,
information called “return indication” is transmitted from one line
point to the previous one provided that occupation of the block
section was detected, the section between these two points has
become vacated and the relevant signal (signal for a given traffic
direction) is at stop. In addition, information on the state of line
sections (vacated, occupied) and the state of block signals (result-
ing from “distant signal - signal” relationship) also has to be trans-
mitted.

On the base of such a simple informal specification the
sequential diagram can be designed (Fig. 3) showing interactions
between objects (oLogSLP, oLogRoute, oLogMainRoute, oCom-
Modul) for the model of the

formalnej Specifikacie mozno vytvorit
sekvenény diagram (obr. 3), ktory

LineLogic [ ApplicationSelection ]4—.

line point - railway station.
Each sequence shows how

znazornuje interakcie medzi objektmi
(oLogSLP, oLogRoute, oLogMainRoute,

the participating objects
communicate by passing

oKomModul) pre model tratového
bodu - stanica. Kazda sekvencia uka- v

[aApplication==STATION] /é\ [aApplication==SIGNALPOINT]

messages to each other over
time as reaction to chang-

[aApplication==INDULINE]

zuje, ako zucastnené objekty komuni- [ Station. .. J

[ IndustryLine... ]

ing SLP. Only four possible

A
SignalPoint...

kuju odovzdavanim si sprav jeden dru-
hému v ¢ase ako reakciu na meneny
TS. Zobrazené su iba §tyri scenare,
hoci by bolo mozné pridat mnohé dal-
Sie. Na obrazkoch 4 a 5 su zobrazené stavové diagramy opisujlice
spravanie sa triedy cLogSLP na tratovom bode ,stanica“ (prislus-
né objekty dedia stavové diagramy po svojich triedach). Vyber
tratového bodu zavisi od hodnoty atributu aAplikacia (obr. 4).
Tento vyber je nevyhnutny, pretoZe existuju niektoré jedinecné
vlastnosti konkrétneho tratového bodu, ktoré nie je mozné zo-
vseobecnit pre vSetky tratové body.

Obr. 4. Stavovy diagram triedy cLogTS
Fig. 4. Statechart of the class cLogSLP

scenarios are shown, how-
ever, many others could be
added. Figures 4 and 5
show statechart diagrams
describing behaviour of the class cLogSLP at the line point “sta-
tion” (relevant objects inherit statechart diagrams from their
classes). Selection of the kind of line point depends on the value
of the attribute aApplication (Fig. 4). This selection is necessary
because there are some unique properties of a particular line point
that can’t be generalised for all kinds of line points.
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oLogRoute: oLogMainRoute: oLogSLP:Line::  oComModul:
Route::cLogRoute Route::cLogMainRoute ~ cLogSLP Communication::cComModul
Setthg route: smgle-ll 'ne evStCheckSLP(Soufce)
permission is transmitted.
SingleLinePermisysionTransmitted <_| >
evStPermissionSLP()
Setting route: single-line evStCheckSLP(Soutce)

permission was not
transmitted; railway
station sends request to
cooperating station; it
transmits permission.

SingleLinePermisssi

nNotTransmitted <_

>

evStRequestSLP(Soprce)

SingleLinePdrmissionRequest <_| > evTelegramT(Data)
tm(aSLP) evTelegramR(Data)
evStiTransmissSLP()
SingleLinePermisgsionTransmitted <>
epStPermissionSLP()
Settlgg foute: single-line evStCheckSLP(Souce)
permission was not
transmitted; railway
station sends requestto  |SingleLinePermisssignNotTransmitted <_| >
cooperating station; it
refuses to transmit evStRequestSLP(Soprce)
permission.
SingleLinePdrmissionRequest <_ > evTelegramT(Data)

SingleLinePermisssi

nNotTransmitted <_

evTelegramR(Data)

evStRefusalSLP()
Cooperating station sends evTelegramR(Data)
request for single-line evStRequestSLP(Source)
permission - this request is
accepted. <> SingleLinePermisssionTransmitted
evRouteCheck (Source

4 | o

evRoutePermission( <> RouteConditionCheck

CVIoufer ermissionyy

| evStTransmissionS].P(Source)
¢vTelegramT(Data)
SingleLinePermisssi¢nNotTransmitted <_| >

Obr. 3. Sekvencny diagram - realizdcia funkcie tratového siuhlasu (TS)
Fig. 3. Sequential diagram - performing the function of single-line permission
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Po inicializacii (proces inicializacie nie je podrobne znazor-
neny) objekt 0LogTS.Stanica prejde do stavu UdelenyTratovySuhlas
(v stanici, ktora prva poziadala o TS za predpokladu, Ze st splnené
podmienky na udelenie TS) alebo do stavu NeudelenyTratovySuhlas
(v stanici, ktora bola poziadana o TS a na ziadost odpovedala
kladne). Obdobna ¢innost prebehne aj na ostatnych tratovych bo-
doch a tym sa zadefinuje smer dopravy. Stav UdelenyTratovySuhlas
obsahuje substavy Necinnost, BlokovanieStanica, BlokovanieVlecka.
Objekt sa nachadza v substave BlokovanieStanica, ak ,pouziva®
TS pre odchodovu cestu. Tento substav mdzZe objekt opustit az
po prijme odhlasky (evStOdhlaska) od susedného tratového bodu
v smere jazdy vlaku. V substave BlokovanieVlecka sa objekt nacha-
dza vtedy, ak sa uskutocnuje odchod vlaku z vlecky, ku ktorému
dala stanica suhlas (evVISuhlasTS). Po odchode vlaku z vlecky
a uvolneni tratového useku (v ktorom sa vlecka nachadza), sa
z vlecky vysiela signal odhlaska (evVIOdhlaska). Po prijme tejto
spravy moze byt TS pouZzity pre int vlakovu cestu. Ak operator
vyda prikaz na postavenie odchodovej cesty a stanica nema udeleny
TS (objekt 0LogTS.Stanica je v stave NeudelenyTratovySuhlas), tak
po prijme spravy evStKontrolaTS objekt zistuje volnost k nemu pri-
slichajuceho tratového useku (relacia itsUsek a sprava jelolny). Ak
je usek vol'ny, Ziada spolupracujucu stanicu o udelenie TS (vysiela
spravu evStZiadanieTS k susednému tratovému bodu v smere pred-
pokladanej jazdy vlaku; od tohto tratového bodu je poziadavka na
TS vysielana k nasledujuicemu tratovému bodu, az sa dostane do
susednej stanice) a prechadza do stavu ZiadanieOTratovySuhlas.
Ak je usek obsadeny, vracia objektu oLogVlakCesta spravu evStNe-
suhlasTS a stavanie cesty sa ukonéi. V pripade kladnej odpovede od
susednej stanice vracia objektu oLogVlakCesta spravu evStSuhlasTS
a prechadza do stavu UdelenyTratovySuhlas. Ak je odpoved na
Ziadost negativna (evStOdmietnutieTS) alebo neprisla v stanovenom
Case ziadna odpoved (tm(aTS)), prechadza objekt naspét do stavu
NeudelenyTratovySuhlas. Ak je stanica poziadana o udelenie TS
(prijala spravu evStZiadanieTS) a TS sa ,,nepouziva“ ani pre odcho-
dovu cestu a ani pre odchod vlaku z vlecky, potom objekt 0LogTS
vysiela objektu oLogCesta spravu evKontrolaCesta a prechadza do
stavu KontrolaPodmienokCesta.

Ak na odchodovych navestidlach pre danu trat svieti zakazu-
juci navestny znak a nie je v stanici postavena (ani sa neuskutoc-
nuje) Ziadna cesta, ktora by zasahovala na trat, da objekt oLogCesta
suhlas na odovzdanie TS (evSuhlasCesta). Ak objekt 0LogTsS prijal
spravu evSuhlasCesta a tratovy Usek je volny, vysle spravu evStO-
dovzdanieTS a prejde do stavu NeudelenyTratovySuhlas. Ak niektora
zuvedenych podmienok nie je splnena, tak objekt ziadost o suhlas
zamietne (evStOdmietnutieTS) a vrati sa do stavu UdelenyTratovy-
Suhlas.

5. Zaver
Za hlavny prinos vyplyvajuci z pouzitia objektovo orientova-
ného modelovania na navrh Zelezniénych bezpecnostne relevant-

nych systémov mozno povazovat nasledovné:

o vytvara vhodné a ucinné prostredie pre komunikaciu ¢lenov
timu, ktori pracuju nad projektom (modularita)
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After initialisation (the process of initialisation is not depicted
here in details) the object oLogSLP Station gets to the state Single-
LinePermissionTransmitted (in the station that first asked for SLP
and that satisfied conditions for transmitting it) or to the state Sin-
gleLinePermissionNotTransmitted (in the station that was asked for
SLP and replied in the affirmative). Similar activity will also take
place at other line points and thus the traffic direction becomes
defined. The state SingleLinePermissionTransmitted includes the
states Idle, StationBlocking and IndustryLineBlocking. The object
gets to the sub-state StationBlocking if SLP is “used” for a depar-
ture route. This sub-state may be left only when return indication
was received (evStReturnlnd) from the adjacent line point in the
direction of train running. The object is in the sub-state Industry-
LineBlocking when a train is to leave the industry line and the
station has given permission for this operation (evl/PermissionSLP).
After the train left the industry line and the line section (contain-
ing connected industry line) became vacated, return indication is
sent from the industry line (evl/Returnind). Having received this
event SLP may be used for another main route. If an operator
gives order to set a departure route and the station has no SLP
(object oLogSLPStation is in the state SingleLinePermissionNot-
Transmitted) then having received the event evStCheckSLP the object
tests vacancy of the relevant line section (relation itsSection and
message isVacant). In case the section is vacated, it sends request to
the co-operating railway station for transmission of SLP (message
evStRequestSLP is sent to the adjacent line point in direction of
planned train running; from this line point the request is forwarded
to the next line point as far as it reaches the co-operating station)
and gets to the state SingleLinePermissionRequest. In case the section
is occupied, it returns the message evStRefusalSLP to the object
oLogMainRoute and the attempt to set the route is over. In case of
positive answer from the co-operating station the event evStPer-
missionSLP comes back to the object oLogMainRoute and the
class gets to the state SingleLinePermissionTransmitted. In case of
a negative answer (evStDenialSLP) or no answer received within
an expected time (tm(aSLP)) the object gets back to the state Sin-
gleLinePermissionNotTransmitted.

If the station is asked to transmit SLP (message evStRequest-
SLPwas received) and SLP is “used” neither for a departure route
nor for departure of a train from the industry line then the object
oLogSLP sends a message evRouteCheck to the object oLogRoute
and gets to the state RouteConditionCheck. If the relevant departure
signals are at stop and there is no route set which could have effect
on the line (and no setting is under process) the object oLogRoute
permits transmission of SLP (evRoutePermission). If the object oLog-
SLP received the message evRoutePermission and the line section
is vacated it sends message evStTransmissSLP and gets to the state
SingleLinePermissionNot Transmitted. If some of the given conditions
is not fulfilled the object denies the request for SLP (evStDenialSLP)
and gets back to the state SingleLinePermissionTransmitted.

5. Conclusions
The main contribution resulting from applying an object-ori-

ented modelling to the design of railway safety-related systems can
be seen as follows:
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Station
[IS_IN(Idle)]/itsLogRoute->
GEN(evRouteCheck(this))
. ] evRoutePermission
C > [ RouteConditionCheck | » J—
evStRequestSLP .evRouteRefusal/ [litsSection->isVacant]/itsComModul->|
itsComModul-> GEN(evStDenial SLP(this))
GEN(evStDenialSLP(this))
[else]/itsComModul->
GEN(evStDenial SLP(this))
v [itsSection->isVacant]/itsComModul->
GEN(evStTransmissSLP(this)
SingleLinePermissionTransmitted
Initialisation...
[ StationBlocking J @ fitatisation [2]]
A y YV _¢viiCheckSLP
—}[SingleLinePermissionNotTransrnitted i
evStRoute evStReturnInd y,
[aRequier== COOPERIL}/ A A 4
v itsComModul->
[ Ldle ] GEN(evIIRefusalSLP(this))
r'y [aRequier==COOPERSTY]/
itsLogMainRoute->
GEN(evStRefusalSLP())
evlIReturnind [aRequier— COOPERIL)/
+ itsComModul->
< GEN(evIIRefusal SLP(this))
IndustryLineBlocki
[ naustiyLneBlocking ] :__ [aRequier—COOPERST)/
A itsLogMainRoute->
A GEN(evStRefusalSLP())
eVliCheckSLP <C>_ ¢vStCheckSLP/
A itsLogMainRoute=
[else]/itsComModul-> arams->Source
GEN(evIIRefusalSLP(this)) @

C tm(aSLP) Z/ [litsSection->isVacant]/
[IS_IN(Idle)}/itsComModul-> itsLogMainRoute->
GEN(evIIPermissionSLP(this)) evStDenialSLP GEN(evStRefusalSLP())

aRequier== COOPERILY/ [itsSection—>isVacant]/
evStCheckSLP HaComModul~GEN || | sComModul->GEN
(evIlPermissionSLP(this)) (evStRequestSLP(thls)) g
[IS_IN(Idle)]/(params->Source)-> aRequier=COOPERST
@ GEN(evStPermissionSLP())
ingleLinePermissionRequest
~) SingleLinePermissionR
. [itsSection->isVacant]/
[else]/(params->Source)-> evStTransmissSLP itsComModul->
GEN(evStRefusalSLP()) C)< GEN(evStRequestSLP(this))
h aRequier= COOPERIL
dl
.

[aRequier==COOPERST]/itsLogMainRoute->

GEN(evStPermissionSLP() [!itsSection->isVacant]/itsComModul->

GEN(evIIRefusalSLP(this))

Obr. 5. Stavovy diagram triedy cLogTS.Stanica
Fig. 5. Statechart of cLogSLP Station

38 « KOMUNIKACIE / COMMUNICATIONS 4/2002



« zjednodusuje proces navrhu softvéru (vyvojovy proces redukuje
celkovy vyvojovy Cas urCeny pre softvérové inZinierstvo)

« podporuje Specifikacie, ktoré st nezavislé od konkrétnych prog-
ramovacich jazykov a vyvojovych procesov

« $pecifikacie su Citatelné a zrozumitelné pre ostatné subjekty
zaClenené do procesu posudzovania a schvalovania bezpecnosti
aplikacie

« unifikuje principy a postupy pouzité na vytvaranie dokumenta-
cie pre elektronické bezpecnostne relevantné systémy (s moz-
nostou automatického generovania dokumentov)

» udrzba modelov pri napredovani projektu je ovela lahsia ako
v pripade jednoduchych nakresov.

Nastroje zaloZzené na UML maju Casto implementované kon-
trolné mechanizmy, ktoré dovoluju vybrat, na ktoré vlastnosti ma
byt model alebo jeho Cast zamerané. Verifikacia funkcnej spravnosti
tiez moze byt testovana animaciou vytvoreného modelu. Platnost
vsetkych uvedenych prednosti bola potvrdena praktickou realiza-
ciou modelu funkcii, ktory bol vytvoreny pre novy Zelezni¢ny zabez-
pecovaci systém vyvijany nemeckou firmou Scheidt&Bachmann.
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« Creates a sound and efficient environment for communication
of team members working over the project (modularity)
Simplifies the design process of SW (the development process
reduces the overall software engineering development time)
Supports specifications that are independent on particular pro-
gramming languages and development processes
Specifications are readable and understandable for other sub-
jects involved in the process of safety assessment and approval
« Unifies principles and procedures used to create documentation
for electronic safety-related systems (with possibility of auto-
matic document generation)
« Maintenance of models as the project progresses is far easier
than in the case of simple drawings.

The UML based tools have often checking mechanisms imple-
mented that allow to select checks to be performed on the model
or a part of it. Verification of the functional correctness can also be
tested by animation of the created model. All declared merits have
been validated by practical realisation of a function model that has
been designed for a new railway safety-related system being under
development by the German company Scheidt&Bachmann.
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KOMUNIKACIA V KRiZOVYCH SITUACIACH

COMMUNICATION IN EMERGENCY SITUATIONS

Komunikdcia v krizovej situdcii si vyZaduje zvldstne, nielen ver-
bdlne, ale aj neverbdlne kompetencie komunikujucich. K verbdlnej sa
okrem kultiiry reci a techniky rozhovoru priddva aj jazykova kompe-
tencia, ktori treba vhodne uplatnit v technike rozhovoru a kladenia
otdzok. Ak zlyhd jazykova kompetencia, nastupuje neverbdlna komu-
nikdcia zrakovd v spojeni s recou riik.

1. Uvod

Nedavne medzinarodné patracie a zachranné akcie ukazali,
Ze su vel'ké problémy pri komunikacii, vymene informacii a tech-
nike dorozumievania. Tieto nedostatky sposobili nizku prevadzkovu
ucinnost a vyvolali potrebu uzsej spoluprace medzi krajinami.
Medzinarodny projekt rieSeny v ramci programu Leonardo da Vinci
sa zaobera spracovanim viacjazycnej databazy za icelom vzdela-
vania personalu nasadeného do rieSenia krizovych situacii - ¢im
sa ma posilnif jeho komunikativna kompetencia - tak, aby sa posil-
nila sebaddvera zachranarskeho timu pri akciach vo viacjazy¢nom
prostredi. Komunikativna kompetencia nezahfna v sebe len aspekt
znalosti jazyka (sociolingvisticky aspekt), ale aj aspekt performan-
cie, t. j. psycholingvisticky a technickoprakticky aspekt. Zjedno-
dusene mozno konstatovat, Ze kompetencia je potom to, ¢o ¢lovek
vie a performancia je to, ¢o robi.

V sti€asnom obdobi integracie krajin, nevynimajic integraciu
v rieSeni krizovych situacii, s komunikacia a komunikativna kom-
petencia dolezitym prvkom tohto procesu. Procesu, v ktorom sa
komunikacia odohrava v urCitom prostredi a za urcitych podmie-
nok, ¢o sa niekedy oznacuje ako situacny kontext - komunikativna
situdcia. Komunikativna situacia je teda dynamicky systém vzajom-
nych vztfahov komunikantov, ktory sa vytvara na zaklade objektov
a udalosti vonkajSieho i vnutorného sveta a vytvara potrebu ciela-
vedome;j ¢innosti pri rieSeni myslienkovo, reCovo a prakticko-reali-
zacnych tloh a je zdrojom tejto ¢innosti.

Komunikativnu situaciu mozno teda charakterizovat jej troma
zlozkami:

o polom komunikativnej cinnosti reprezentujiicim celkovu ¢innost
hovoriaceho so v§etkymi ucastnikmi v institucionalnom prostredi,

o zameranim ¢innosti vyjadrujicim interakéné vztahy medzi ucast-
nikmi socialneho procesu,
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Communication in emergency situations requires not only spe-
cific verbal but also non-verbal competencies of persons involved.
Verbal communication comprises, apart from speech culture and the
way language is used, also language competence which is to be prop-
erly applied in discourse. If language competence fails, non-verbal com-
munication (body language) takes place.

1. Introduction

Recent international search and rescue operations have pre-
sented major difficulties in dialogue, information collation and
technical understanding. These shortcomings have resulted in oper-
ational inefficiency and have brought about the need for closer
cooperation among different countries. The Trans Europe Emer-
gency Services Language Training Project - 112 solved within the
framework of Leonardo da Vinci projects focuses on a prepara-
tion of a multilingual database for training the personnel involved
in solution of emergency situations - with an objective of increasing
their communicative competence, thus building the staff confidence
in multilingual working situations. Communicative competence does
not involve pure linguistic competence (sociolinguist aspect) but
also a performance aspect i.e. psycholinguistic, technical and prac-
tical aspects. In a simplified way it may be said that competence
is then what we know and performance is what we do.

In the present-day period of integration of various countries,
not excluding the integration of solving emergency situations, both
communication and communicative competence represent an impor-
tant element of this process - of the process in which communi-
cation takes place in a specific environment and under certain
conditions, which is sometimes referred to as a situational context
- a communicative situation. A communicative situation is, there-
fore, a dynamic system of mutual relations of communicants, which
is created on the basis of objects and events of both the exterior
and interior world and creates the need for purposeful activities
for solution of intellectual, linguistic and practical tasks and is
a source of this activity.

The communicative situation can be characterized by its three
components:
« Field of communicative activity representing the whole activity of
the person communicating with all participants in the institu-
tional environment,
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« sposobom cinnosti, t. j. formou jazykového prejavu (verbalnou alebo
pisomnou), kohéziou a koherenciou textu, tematickou Struktirou
textu a pod.

V krizovych situaciach komunikanti vystupuju v stlade s cha-
rakterom situacie v ur€itych ulohach s uréitymi ciel'mi, pricom
uplatiuju svoje skusenostné komplexy. Medzi ucastnikmi komuni-
kacného procesu sa obyCajne odohrava urcita transakcia, pricom
bezprostredné okolie ma vyhranenu funkciu, lebo potencialne stvisi
s jej uskutonenim. Jazykové prostriedky na vyjadrenie spomina-
nych situécii sa daju pomerne dobre predvidat.

Tento prispevok sa venuje komunikacii ako prostriedku, pro-
strednictvom ktorého si komunikujuci (eminent - odosielatel a per-
cipient - prijimatel') odovzdavaju informacie dolezité pri rieSeni
krizovej situacie (dorozumievacim kodom na urcitom médiu).
Komunikaciu treba pritom chapat nielen ako verbalny (jazykovy),
ale aj ako neverbalny (nejazykovy a mimojazykovy) vyrazovy pro-
striedok, priCom verbalny vyrazovy prostriedok nemusi byt v pre-
vahe. Aby nedoslo k zmene obsahu informacie musia komunikujuci
ovladat dorozumievaci kod. Na zabezpecenie resp. posilnenie
tejto ulohy sa vyuzivaju tradi¢né i nové, netradicné formy vzdela-
vacich komunikaénych programov. Vztah komunikujucich k také-
muto vzdelavaniu vyplyva z ich postavenia v ramci rieSenia krizovej
situacie. Ti, ktori su v ulohe riesitelov krizovej situacie, sa stavaju
k vzdelavaniu profesne a vzdelavanie v zasade posobi na nich
motivacne. Druhu skupinu tvoria ti, pre ktorych je krizova situacia
rieSena. Na tuto skupinu je potrebné aplikovat skor netradicné -
skryté formy vzdelavania.

2. Komunikacia - prvok riesenia krizovej situacie

V systéme rieSenia krizovej situacie ma kazdy z timu rieSiaceho
krizovi situaciu urcené svoje miesto s deklarovanymi povinnostami
i pravami. Takato organizacia nasledne zabezpecuje aj komuni-
kacény kanal Sirenia informacii vo vertikalnom smere (nadriadeny
- podriadeny a naopak), t. j. formalna komunikacia, ku ktorej pri-
stupuje komunikacia aj v smere horizontalnom, t. j. komunikacia
medzi rovnocennymi subjektmi - neformalna komunikacia. Z po-
hladu organizacie rieSenia krizovej situdcie sa v prvom rade uplat-
nuje formalna komunikacia (podla organizacnej §truktiry), na ktoru
velmi ¢asto nadvazuje i neformalna komunikacia.

Nevhodne pouZita komunikacia verbalna ¢i neverbalna, alebo
jej zlé dekddovanie maju za nasledok naruSenie vztahov medzi
komunikujucimi, ¢o v kone¢nom dosledku moze sposobit vazne
naru$enie aZ totalne zlyhanie rieSenia krizovej situacie.

Aby komunikacia bola pozitivna, t. j. ispesne bola vyrieSena
krizova situacia je potrebné, aby komunikujice strany ovladali doro-
zumievaci kod. Ak tomu tak nie je, mozZe dojst k zmene obsahu
informacie a komunikacia sa stava neefektivnou.

Komunikacia v rieSeni krizovych situacii nie je jednoduchym
procesom vymeny a odovzdavania informacii. Eminent musi vediet
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« Orientation of activity expressing interaction relations among
participants in the social process,

o Way of activity, i. e. way of language manifestation (verbal or
written), cohesion and coherence of the text, thematic structure
of the text, etc.

In emergency situations communicants act in compliance with
a character of the situation in specific roles with certain objec-
tives, at the same time implementing their experience complexes.
A certain transaction usually takes place among participants of
the communication process, while the immediate environment has
a clear-cut function as it potentially relates to its realization. Lin-
guistic means needed to express the above mentioned situation
can easily be anticipated.

This paper deals with communication as a means through which
the communicants (eminent - sender and percipient - receiver)
exchange information relevant for solution of an emergency situa-
tion (through a communication code in a certain medium). Com-
munication has to be considered not only as a verbal (language)
but also as a non-verbal (non-language and extralinguistic) means
of expression, while verbal means of expression need not prevail.
In order to prevent a change in the content of information, com-
municants must know the communication code. To ensure or foster
this task various either traditional or new non-traditional forms of
training communicative programmes are used. An approach of
communicants towards such a training results from their role in
the framework of participating in the solution of an emergency sit-
uation. Those who are in positions of being responsible for solu-
tions of an emergency situation show a positive attitude towards
the training and they are motivated. The second group consists of
those for whom the emergency situation is solved. In this case
non-traditional or hidden forms of training are to be applied.

2. Communication - an element of solution
of an emergency situation

In the system of solving an emergency situation each member
of the team participating in the solution has his/her place with
declared duties and rights. Such an organization subsequently pro-
vides a communication channel of information spreading in a ver-
tical direction (superior officer - subordinate and vice versa), i. e.
a formal communication to which also a communication in a hor-
izontal direction, i. .6 a communication among equal partners -
the so-called informal communication is added. From the point of
view of solution of an emergency situation the first communication
to take place is a formal communication (according to an organi-
zational structure), which is very often followed by an informal
communication.

Improperly used verbal or non-verbal communication or its
incorrect decoding may result in impairment of relations among
communicants. This may, in its turn, result in a serious impairment
or total failure of solution of an emergency situation.

If the communication is to be positive, i. e. if the emergency
situation is to be solved successfully, it is necessary for the com-
municants to understand the communication code. If this require-
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dokazat percipienta ovplyvnit i presvedcCif, a v mnohych pripa-
doch razne odmietnut neadekvatne a neobjektivne rieSenie situa-
cie.

V komunikativnom rieSeni krizovych situacii sa treba vyvaro-
vat takych technik komunikacie, ktoré su predpokladom prekazok.
Mozno medzi ne zaradit:

« pretvarku,

» neuprimnost,

» zosmieSnovanie,

« zveliCovanie,

« neschopnost pocuvat toho druhého, ...

Na druhej strane treba mat uspesne zvladnuté techniky pre-
svied¢ania, a to najma:

« prirodzenosti,

« pravdivosti,

« postupnosti,

« diplomacie,

o argumentacie,

« dobrého dojmu,

« spravneho odhadu situacie, ...

Sprievodnym znakom rieSenia krizovych situacii su velmi casto
emocie. Ako sa zvladaju je dané psychikou komunikujucich. Ich
intenzita a prejav su dané kvalitou i kvantitou nasledovnych fak-
torov:

« strachu,

« neschopnosti odputat sa od problému,

« neschopnosti odlisif realne od nerealneho,
« neschopnosti vnimat problémy,

« neprimerané ocakavania, ...

Dolezité miesto v rieSeni krizovych situacii ma neverbalna komu-
nikacia. Schopnost nielen uplatiovat, ale aj analyzovat neverbalne
prejavy vedie k zvySeniu skore v prospech pozitivneho vyrieSenia
krizovej situacie. Specifickou strankou neverbalnej komunikacie je
to, Ze obycajne si ju komunikujuci ani neuvedomuju. Berie sa ako
dany a prirodzeny vonkajsi prejav. Skoleny a trénovany riesitel kri-
zovej situacie vel'mi dobre vie zvladnut situaciu aj preto, Ze ovlada
prvky neverbalnej komunikacie. Mozno ich rozdelit do troch skupin:
o ludské telo: drzanie tela, pohlad, vyraz tvare, re¢ ruk a noh,
osobnostny priestor, spdsob chodze a sedenia,
gesta,

« Styl a obsah re€i: intondcia hlasu, kvalita prejavu,
« vzhlad: obleCenie, Uprava, Cistota.

Jedna stranka veci je mat myslienky i vediet ¢o robit a druhou
strankou je vediet ich vyjadrit a uplatnit. Sila slova je nielen v hom
samom, ale aj v spravne;j Stylistike a bohatej slovnej zasobe. Ver-
balna komunikacia je vtedy uderna, ked sa dodrzi kultira slova.
Medzi jej zasady patri:

o zrozumitel'nost,

ment is not achieved, a change in the information content can
occur and the communication becomes ineffective.

Communication in solution of emergency situations is not
a simple process of exchange and transfer of information. The
eminent has to be able both to influence and persuade the percipi-
ent and, in many cases, strictly reject an inadequate and non-objec-
tive solution of the emergency situation.

In a communicative solution of emergency situations it is nec-
essary to avoid such communication techniques that may result in
obstacles interfering with the communication. Among them the
following can be mentioned:

« dissimulation,

« insincerity,

« ridiculousness,

« exaggeration,

« inability to listen to others, ...

On the other hand, it is required to successfully master the
following techniques, mainly:
« natural behaviour,
« truthfulness,
+ sequential arrangement,
« diplomacy,
« reasoning/argumentation,
« positive impression,
« correct estimation of a situation, ...

Emotions are phenomena that very often accompany emer-
gency situations. Ways in which emotions are controlled depend
on psyche of communicants. Their intensity and manifestation are
given by quality and quantity of the following factors:

« fear,

« inability to break away from the problem,
« inability to differentiate real from irreal,

« inability to perceive problems,

« inadequate expectations, ...

Non-verbal communication occupies an important place in
solution of emergency situations. The ability to not only imple-
ment but also analyse non-verbal expressions may lead to an
increased score in favour of a positive solution of the emergency
situation. A specific feature of non-verbal communication is the
fact that the communicants are usually not aware of it. It is taken
as a given and natural external expression. An experienced and
trained participant in charge of solution of an emergency situation
is able to perfectly master the situation also because he is good at
mastering the elements of non-verbal communication. These can
be divided into three groups:

« human body: posture, look, face expression, language of
hands and feet, personality space, way of
walking and sitting, gestures,

« style and content of speech: intonation of voice, quality of
utterance,

« appearance: clothes and their adjustment, cleanness.

One thing is to have ideas and to know what to do, another
thing is to know how to express and implement them. The power
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o strucnost,

« nazornost,
 pristupnost,

« odborna uroven,
« hlasitost.

Pri nadvdzovani kontaktu pre G¢inni komunikaciu v rieSeni
krizovej situacie je vhodné dodrziavat zasady, ktoré mozno cha-
rakterizovat ako pravidla:

« poznat presne svoju tlohu,

« vediet o percipientovi ¢o mozZno najviac,

« byt pokojny a svojim postojom uvolfiovat napitie,
« neprejavit navonok svoj stres a ovladnut nervozitu,
« pokusif sa nadviazat ¢o najblizsi socialny kontakt,
o vytvorit vztah dovery.

Verbalna komunikacia ma vytvorif upokojujuce prostredie.
Treba sa vyvarovat vytvarania dramatickej a obvinujucej atmosféry.
Pritom sa musi zachovat priamy a nie vypocitavy resp. dogmaticky
pristup.

Taktika komunikacie moze vyuZivat také fenomény ako je
sebaodhalenie, rovnocennost a kontrola ,reci tela“. V komunikacii
krizovej situacie je vhodné vyuzivat techniku pozitivne naladeného
dialogu s jednoduchymi formami vyjadrovania. Otazky musia byt
presne formulované, konkrétne v niektorych pripadoch az osobné,
nie hypotetické, menej Casto alternativne a nesmie sa zabudat na
otazky kontrolné.

Komunikativny typ rieSitela krizovej situacie ma vel'kt vyhodu
pred ostatnymi v tom, Ze svojou komunikaciou dokaZe za relativne
kratky cas dosiahnut svoj ciel.

3. Vzdelavanie v komunikativnej kompetencii

Riesenie krizovej situacie nie je lahké a nie je lahké ani zvladnut
mnozstvo Specifickych uloh vyplyvajicich z postavenia komuniku-
jucich v takejto situacii. Naroéné poziadavky na uspesné zvladnutie
si vyzaduju neustale sebavzdelavanie a ziskavanie novych skuse-
nosti. Vyrazne sa to prejavuje najma u tych, ktori sa profesne zaobe-
raju rieSenim krizovych situacii. V tomto procese vyznamné miesto
zohrava aj jazykova priprava transeuropskeho personalu zachran-
nych sluzieb.

Nedavne medzinarodné patracie a zachranné akcie ukazali, ze
su problémy pri komunikacii, vymene informacii a technike doro-
zumievania. Tieto nedostatky sposobuju nizku prevadzkovi ucin-
nost a vyvolavaju potrebu uzsej spoluprace medzi krajinami.

Z uvedenych dovodov sa riesi medzinarodny projekt zamerany
na vytvorenie databazy terminov z oblasti zachrannych sluzieb.
Spominana databaza obsahuje:

e termin,
« jeho definiciu,
« jeho situacné vyuzitie.
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of word lies not only in the word itself but also in correct stylistics
and rich vocabulary. Verbal communication is striking only when
the culture of word is respected and maintained. The following prin-
ciples of the above culture are to be respected:

« understandability,

« brevity,

« objectiveness,

« simplicity,

« professional level,

+ loudness.

‘When establishing contacts for an effective communication in
solution of an emergency situation it is suitable to follow the prin-
ciples that can be characterised as guidelines:

« to exactly identify a person’s task,

« to know as much as possible about the percipient,

« to be quiet and in this way help to reduce stress,

« not to show stress and control anxiety and uneasiness,
« to try to establish the closest possible social contact,

« to create atmosphere of confidence.

Verbal communication should create an appeasing atmosphere.
It is, therefore, necessary to avoid dramatic and accusing atmos-
phere. At the same time a straightforward not calculating or dog-
matic approach has to be maintained.

The communication tactic can utilise such phenomena as e.g.
self-disclosure, equivalence and control of the “body language”. In
communication during an emergency situation technique of a pos-
itive dialogue with simple forms of expression should be used.
Questions have to be clearly formulated, must be concrete, in some
cases almost personal not hypothetical, less often alternative. Check-
ing questions must not be omitted.

A communicative type of the person in charge of solution of
an emergency situation has a considerable advantage over others
mainly because s/he succeeds, in a relatively short period of time,
to reach her /his objective.

3. Training in communicative competence

Solution of an emergency situation is not an easy task and
equally difficult is to go through a number of specific tasks result-
ing form a position of communicants in such a situation. Demand-
ing requirements for a successful completion ask for a continuous
training and acquiring new experience. This can be clearly seen
mainly in those being professionally engaged in solution of emer-
gency situations. Within the training process multilingual training
of transeuropean personnel of emergency services plays an impor-
tant role.

Recent international search and rescue operations have pre-
sented major difficulties in dialogue, information collation and
technical understanding. These shortcomings have resulted in oper-
ational inefficiency and have brought about the need for closer
cooperation among different countries.

To address this issue an international project focused on cre-
ating a database of terms from the area of emergency services has
been solved. The database will contain:
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Vzor elektronického spracovania formulara jedného terminu
zaradeného do medickej terminologie je uvedeny na obrazku 1.
Databaza zoraduje terminy do Siestich skupin:

« lekarske zachranné systémy,

« hasi¢ska terminologia,

« flashover (objemové vzplanutie),
« lesné poziare,

« vysky a hibky,

« nebezpecné latky.

Na priprave zakladnej terminologie sa zucastiuju strediska
zachrannych sluzieb a renomované narodné vzdelavacie institucie
piatich krajin Eurépy. Ich praca resp. sucinnost prebieha podla
schémy uvedenej na obrazku 2.

Zostavenie viacjazycného vzdelavacieho materialu - vysledny
produkt v elektronickej podobe je znazorneny na obrazku 3 - tak
umozni pracovnikom vybudovat si jazykové zrucnosti potrebné na
koordinaciu prevadzkovych postupov. Tento material zabezpeci
pohotovy pristup k zakladnym narodnym organizacnym Struktu-
ram, vybaveniu, zlepsi pracovné vztahy, prispeje k uzsej harmo-
nizacii, reSpektu a vzijomnému dorozumeniu medzi zdchranarmi
roznych krajin.

o aterm,
« its definition,
« its situational use.

An example of a term belonging to medical terminology avail-
able on the web site can be seen in Fig. 1. The database contains
terms belonging to six groups:

« medical rescue systems,
« firefighting,

« flashover,

« forest fires,

« heights and depths,

» hazmat.

Centres of emergency services and prestigious national edu-
cational institutions of five European countries have been taking
part in the preparation of the basic terminology. The coordination
of their work can be seen in Fig. 2.

The multilingual training material - the resultant product will
be on the web site - see Fig. 3. It will thus enable the personnel to
build language skills necessary for coordination of operational pro-
cedures. This material will provide readily available access to basic
national organizational structures, equipment and will improve
working relationships, closer harmony, and respect and mutual
understanding among personnel from various countries.
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Fig. 1 A format processing of one term
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Obr. 2. Schéma postupu pri tvorbe databdzy
Fig. 2. Scheme of database creation
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4. Zaver

Krizovym javom nie je mozné uplne zabranit, su prirodzenou
sucastou zivota spolocnosti. Spolocnost musi vynaloZit maximalne
usilie na komplexnu analyzu rizik a ohrozeni, ale aj na disponibilné
prostriedky na vykonanie preventivnych opatreni. Medzi takéto
preventivne opatrenia patri aj vzdelavanie timov rieSiacich krizové
javy a situacie.

Komunikacia v krizovej situacii si vyzaduje zvlastne nielen ver-
balne ale aj neverbalne kompetencie komunikujucich. K verbalnej
sa okrem kultury re€i a techniky rozhovoru pridava aj jazykova
kompetencia, ktort treba vhodne uplatnit v technike rozhovoru
a kladenia otazok. Jazykovi kompetenciu posilfiuje a riesenie kri-
zovej situacie ulahcuje poznanie aspon zakladnej terminologie vo
viacerych jazykoch.

Tento prispevok vznikol na zaklade rieSenia projektu Leonardo

da Vinci: Jazykova priprava transeuropskeho personalu zachran-
nych sluzieb; Project - 112 (UK/00/B/F/LA-129_019).
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7. Conclusion

Emergency situations cannot be completely avoided, they are
natural components of everyday life of every society. Each society
has to exert maximum effort to carry out a complex analysis of
risks and threats and to provide disposable means needed for pre-
ventative measures. One of such preventative measures is also train-
ing of personnel operating in emergency situations and services.

Communication in an emergency situation requires specific
not only verbal but also non-verbal competencies of communicants.
Verbal communication contains apart from culture of utterance and
discourse technique also linguistic competence which should be
appropriately implemented in discourse and in asking questions.
Both linguistic competence and solution of an emergency situa-
tion are supported by knowledge of, at least, basic terminology in
more languages.

This paper was written on the basis of some results gathered
within the framework of Leonardo da Vinci project: The Trans
Europe Emergency Services Language Training-112 (UK/00/B/F/
LA-129_019).
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LOGISTICKE ZABEZPECENIE. EVAKUACIE

TRANSPORT PROVISION OF EVACUATION

Rizikd ohrozenia Zivota a majetku kazdého cloveka, ktoré si
zapricinené Zivelnou pohromou, technologickou havdriou alebo socidl-
nou krizou narastajii. Ako ukazuju reality Zivota, toto ohrozenie moze
vzniknit kedykolvek a kdekolvek, casto aj tam, kde sa to neocakdva.
Pri rieseni akejkolvek mimoriadnej situdcie je jednou z najdoleZitejsich
iloh vykonanie zdchrany o0sob, zvierat a majetku z ohrozenych objek-
tov alebo priestorov. Neoddelitelnou siicastou tejto cinnosti je okrem
iného zabezpecenie a vlastné vykonanie evakudcie. Tento c¢lanok sa
zaoberd zabezpecenim evakudcie, riesi jej odborné zabezpecenie
s dorazom na logistické zabezpecenie.

1. Uvod

V sticasnosti sme svedkami, Ze ludstvo postihuje mnoho kriz
a krizovych situacii prirodného i antropogenného charakteru, ktoré
sposobujui velké materialne Skody na zZivotnom prostredi a na
majetku obyvatelstva. Okrem toho bezprostredne ohrozuju zivot
Cloveka, Casto dochadza aj k stratdm na l[udskych zivotoch. Tieto
krizové situacie nevznikaju nahodne, ale maju svoje priciny, ktoré
je Tudstvo schopné do znac¢nej miery eliminovat.

Stretavame sa s tym, Ze rizika ohrozenia zivota a zdravia
kazdého Cloveka narastaju. Tieto rizika (nebezpecenstva) mozu
vyustit az do mimoriadnych udalosti, ktoré mozu mat r6zny povod.
Mozu byt zapriCinené Zivelnou pohromou, technologickou hava-
riou alebo socidlnou krizou. Z tohto doévodu je potrebné, aby
ochrane Zivota Cloveka, jeho zdraviu bola venovana mimoriadna
pozornost. Pravo na Zivot a zdravie je jednym z niekol'kych zaklad-
nych lTudskych prav a slobdod kazdého obcana, ktoré vychadza
z Ustavy Slovenskej republiky (dalej len SR), kde v druhej hlave,
v druhom oddiele a v élanku 15 sa okrem iného piSe, Ze: ,,Kazdy mad
pravo na Zivot. ... Nikto nesmie byt pozbaveny Zivota. ...“ Tieto prava
su dalej rozpracované do celého radu zakonov, vyhlasok, nariadenti,
planov, smernic a pod.

Pri zabezpecovani ochrany zivota, zdravia a majetku pred na-
sledkami mimoriadnych udalosti zohrava vyznamnu tlohu civilna
ochrana obyvatelstva. Jej tlohou je vytvorit podmienky na prezi-
tie pri vzniku a v priebehu mimoriadnych udalosti. To predpo-
klada okrem iného plnenie najma tychto tloh:

« analyzovat mozné ohrozenia,

Risks of every person’s life and property endangerment caused by
natural disaster, technological average or social crisis are increasing.
1t is the reality of life that this danger can arise whenever and wher-
ever, often even in unexpected situations. One of the most important
tasks when solving any special situation is salvage of persons, animals
and property from endangered buildings or areas. Evacuation provi-
sion and its actual realization are inseparable parts of this activity.
This article deals with evacuation provision and solves its technical
provision with a focus on logistic provision.

1. Introduction

At the present time we witness the fact that mankind is affected
by many crises and crises situations of natural and human charac-
ter. These cause enormous damage to the environment and property
of inhabitants. Besides this, crises situations imminently menace
human lives. Frequently, there are some casualties. The origin of
these crises situations is not random, all of them have their causes,
which can be eliminated to a great extent.

We can see quite frequently that the chance of endangering
one’s life or health is rising. Such risks (dangers) can change to
crises situations of various origins. They can be caused either by
natural and technological disasters, or by social crises. Because of
this it is necessary to pay special attention to the protection of
human lives and their health. The right of life and health is one of
the basic human rights and freedoms of every inhabitant. It is
included in the Constitution of the Slovak Republic. This right is
incorporated in many acts, decrees, plans, regulations, directives
etc.

Civil emergency planning plays a very important part in the
protection provision of human life, health and property against
after-effects of crises situations. The task of the civil defence is to
provide suitable survival conditions at the origin and during crises
situations. This requires, besides other things, mainly the fulfilment
of the following tasks:

« to analyse possible jeopardies,
« to determine possible tactics and activities when removing crises
situations consequences

* Ing. Miroslav Tomek, PhD., prof. Ing. Miloslav Seidl, PhD., Mgr. Lenka Rostekova
University of Zilina, Faculty of Special Engineering, Ul. 1.maja, 01026 Zilina, Slovak Republic,
Tel.: +42-41-7633320, E-mail: tomek@fsi.utc.sk, seidl@fsi.utc.sk, lenka.rostekova@post.sk
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« urcovat mozné postupy a ¢innosti pri odstranovani nasledkov
mimoriadnych udalosti,

« organizovat, riadit a vykonavat pripravu sil a prostriedkov civilnej
ochrany a pripravu ob¢anov na sebazachranu a vzajomnu pomoc,

« organizovat, riadif a vykonavat zachranné, lokaliza¢né a likvi-
dacné prace,

« organizovat a zabezpecCovat hlasnu a informacénu sluzbu,

« poskytovat nudzové zasobovanie a ubytovanie,

« zabezpecovat ukrytie, evakuaciu atd’.

Medzi zakladné prostriedky zachrany ¢loveka (zdravia, Zivota)
z ohrozeného miesta (priestoru) do bezpecia, patri jeho unik (spra-
vidla utek, ktory méZzeme pomenovat samoevakuaciou), pripadne
evakuacia. Z historickych pramenov, ale aj zo sicasnosti vyplyva,
Ze vyprazdnovanie urcitej oblasti sa v niektorych pripadoch doty-
kalo a dotyka velkého mnozstva [udi. Napriklad za druhej svetovej
vojny byvaly Sovietsky zvéz evakuoval z miest ohrozenych bojovou
¢innostou protivnika okolo 10 miliénov Iudi [2]. K najvicSej samo-
evakuacii v poslednom obdobi (januar 2002) mozeme zaradif
utek okolo 500 tisic obyvatelov z mesta Goma a jeho blizkeho
okolia, zni¢ené lavou zo sopky Nyiragonga, ktora vybuchla 17. 1.
2002. Vplyvom rozsiahlych povodni v auguste 2002 bolo v Ceskej
republike potrebné evakuovat okrem iného viac ako 220 tisic oby-
vatelov, v Cinskej republike to bolo dokonca 600 tisic ludi.

Pri vzniku akejkolvek mimoriadnej udalosti, ktora bezpros-
tredne ohrozuje Zivot (pripadne zdravie) ¢loveka, stoja zodpovedné
organy pred problémom - evakuovat ¢i neevakuovat. Na zaklade
vykonanych analyz roznych evakuacii je mozno konstatovat, Ze
evakuacia obyvatelstva, ako zakladny prostriedok jeho zachrany,
mozZe nastat kdekolvek a kedykolvek.

2. Odborné zabezpecenie evakuacie

Evakuaciu je mozné charakterizovat roznymi sposobmi. Podla
literatury [1] slovo evakuacia je latinského povodu a v preklade
okrem iného znamena:

1. vyprazdnovanie, vyprazdnenie,
2. vystahovanie, vystahovanie obyvatelstva z ohrozenej oblasti.

Literatura [6] definuje evakuaciu ako odsun ohrozenych osob,
domacich zvierat, pripadne veci z urCitého uzemia. Zo S§irSicho
hladiska je evakuaciu mozné charakterizovat ako sihrn cinnosti
riadiacich a vykonnych zloziek, zameranych na vCasné, organizo-
vané vystahovanie obyvatelstva, premiestnenie vecnych prostried-
kov a zvierat, alebo vyprazdnenie ohrozenej Casti Uizemia pri
mimoriadnych udalostiach v mieri, alebo za brannej pohotovosti
Statu v priestore a Case.

Poradie evakuacie sa stanovuje na zaklade konkrétnych pod-
mienok a situacie spravidla v poradi osoby, domace zvierata, vecné
prostriedky.

V pripade nebezpecenstva dochadza velmi Casto k samoeva-
kuacii, ktoru je mozné charakterizovat ako dobrovolné opustenie

KOMNIKOCIe

C O MMUNICATION:S

« to organise, manage and make the preparation of civil protection
forces and means and preparation of inhabitants so they can
save themselves and be able to help each other

« to organise, manage and carry out relief, localisation and liqui-
dation works,

« to organise and provide announcement and information service,

« to provide emergency food and accommodation service,

« to provide hiding places, evacuation etc.

The basic means of the person’s rescue (his health, life) from
an endangered place (area) to the safe place are a person’s escape,
mainly flight (this can be named self-evacuation) or, eventually
evacuation. According to historical sources, but also according to
the present situation it can be stated that the evacuation of a certain
area involved and still involves, in certain cases, a great amount of
people. E.g. the former USSR evacuated about 10 million people
from the places endangered by enemy’s combat actions during the
time of the World War II. [2]. To greatest self-evacuations we can
include a recent (January 2002) escape of about 500,000 inhabi-
tants of the town Goma and its environs. This town was destroyed
by lava from a Nyiragonga volcano that erupted on January 17,
2002. As a result of extraordinary floods that happened in the
Czech Republic in August 2002 it was necessary to evacuate, more
than 220 thousand inhabitants, in China it was necessary to evac-
uate more than 600 thousand people.

In case of the origin of any crisis situation directly endanger-
ing the life (eventually health) of people, responsible authorities
face the problem whether to evacuate or not. On the basis of
various evacuations analyses that have been carried out one can
state that inhabitants’ evacuation, as a basic means of their rescue,
can happen anytime and anywhere.

2. Technical provision of evacuation

Evacuation can be characterised in various ways. According
to [1] the word evacuation is of a Latin origin and if translated,
we can define it as
1. voidance
2. moving out, emigration of people from the endangered area.

According to [6], evacuation is defined as a displacement of
endangered persons, domestic animals, or things from a certain
area. From more general point of view, the evacuation can be char-
acterised as a complex of activities of control and executive bodies
focussing on the speedy and organized population evacuation,
transfer of things, materials and animals, or on the clearing of the
endangered part of the territory during the time of crises situa-
tions happening in peace or during the time of the state’s combat
readiness.

The evacuation sequence is being determined according to
specific conditions and the situation. Generally, the sequence is as
follows: people, domestic animals, things and materials.

In the case of danger, the self-evacuation happens very often.
Self-evacuation can be characterised as a voluntary clearing of
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urc¢itého priestoru (spravidla ohrozeného) za ucelom zachrany
Zivota a Casti osobného majetku vlastnymi silami a prostriedkami
[ubovolnym smerom a spdsobom.

Evakuaciu je mozné delit podla roznych sposobov [4]. Nie-
ktoré kritéria su uvedené na obrazku Cislo 1.
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a certain area (usually endangered) in order to protect the life and
a part of the property using people’s own means and forces in an
arbitrary direction and using arbitrary means of transport.

Evacuation can be divided according to various criteria [4].
Some of the criteria are presented in the picture No.l.

Na evakuacii sa podiela cely

The whole range of the State Ad-

rad organov Statnej spravy, samo-

EVACUATION CLASSIFICATION CRITERIA
1 —

spravy, pravnickych a fyzickych
0s0b, ktoré zabezpecCuju evakuacné

. - . According to
opatrenia. Evakuac¢né opatrenia &

According to

ministration, municipalities, legal en-
tities and natural persons providing
evacuation measures participate in

the Extent the Period of
tvori: Duration
. , -~ CAT CAT
e vytvorenie a priprava evakuac-
Point-targeted Short-term

nych komisii,
« priprava zariadeni a obyvatelstva,
« vyrozumenie a dosiahnutie poho-
tovosti evakuac¢nych komisii a za-
riadeni, /4 /4

(building, tree)

Area-targeted
(larger area)

(return within 72
hours)
Long-term
(return in more
than 72 hours)

According to According to . .
the Method the evacuation. Evacuation measures con-
Used Implemgntation 4 gjst of*
TR AT . .
« creation and preparation of evacu-
Yoluntary Spontaneous s fedd
(gsing o (people's own ation commissions
violence) decision) « preparation of facilities and inhabi-
Forced Controlled
(using armed (controlled by tants
forces) reiioni{ble) « understanding and achieving the
authorities L.
y e p emergency condition of the evacu-

« spoOsob vyhlasovania evakuacie,
« urcenie poctov evakuovanych,
« potreba sil a prostriedkov na
zabezpecenie evakuacie,
« logistické zabezpeCenie evakuacie,
» spdsob a organizacia presunov evakuovanych osob.

Vzhladom na odlisnost mimoriadnych situacii a na znalost
konkrétnych podmienok, rozho-
dujucu ulohu pri planovani eva-
kuacie zohravaju evakuacné ko-
misie - obce, okresu, vys§ieho
uzemného celku, pripadne prav-
nické a fyzické osoby. Planovanie
a zabezpecenie evakuacie je zna-
zornené na obr. 2.

In the surroundings
of nuclearenergetic
plants

Sucastou evakuacnych opat-
reni su aj opatrenia odborného
zabezpecenia evakuacie. Jednou
zo zakladnych sucasti tychto
opatreni je aj logistické zabez-
peCenie evakuacie, ktoré riesi
okrem iného najmid dopravné
zabezpecenie a nidzové zasobo-
vanie evakuacie.

In the territory

endangered by damage
of hydroelectric power
plant

Pri komplexnom rieSeni evakuacie je potrebné zaoberat sa
tymito otazkami, ktoré v sihrne moézeme pomenovat ako evakuacny
problém:

« preco evakuovat - zdroj nebezpecenstva (poziar, unik nebezpec-
nej latky, povoden, zemetrasenie) pre Iudi, zvierata a majetok,
a tym aj nasledok je rozny,

« Co evakuovat a do akej vzdialenosti od zdroja nebezpecenstva -
udaje o osobach, zvieratach a vecnych prostriedkoch,

« kolko evakuovat (pocty osob, kusy zvierat, cennosti, tony mate-
rialu),

Obr. 1. Druhy evakudcie
Fig. 1. Types of Evacuation .

S
In the territory
endangered by

technological disasters

s

EVACUATION
PLANNING AND
PROVISION

In the territory
earmarked for the
usage of armed
forces

Obr. 2. Pldnovanie a zabezpecenie evakudcie
Fig. 2. Evacuation Planning and Provision

ation commissions and institutions
means of evacuation announcing
« specification of a number of people
being evacuated
« demand for forces and means necessary for the evacuation pro-
vision
« logistic evacuation provision
« means and organisation of evacuated persons transfers.

Evacuation commissions play an
important part in the evacuation
planning considering the difference
of crises situations and the know-
ledge of actual conditions. Evacua-
tion commissions can consist of rep-
resentatives of a village or town, dis-
trict, larger regional unit or, eventu-
ally, of legal entities or natural per-
sons. Evacuation planning and pro-
vision is illustrated in the Fig. 2.

Measures dealing with technical
evacuation provision are also part of
the evacuation measures mentioned
above. One of the basic parts of
these measures is a logistic evacua-
tion provision solving also transport provision and emergency evac-
uation supply.

In the territory
endangered by natural
disasters

From objects and
facilities belonging to
organisations schools,
institutions
authorities, etc.

When solving the evacuation as a complex, it is necessary to
deal with such questions that can be generally named as an evac-
uation problem:

« why to evacuate - a source of a danger (fire, dangerous substances
leakage, flood, earthquake) endangering people, animals and
property. Results can be various due to various dangers

« what to evacuate and how far from the danger centre- data con-
cerning persons, animals and material matters

« how much to evacuate (number of persons, pieces of animals,
valuables, tonnes of materials)

5 « KOMUNIKACIE / COMMUNICATIONS 4/2002
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« kedy sa evakuacia bude pozadovat,
« odkial a kam ma byt evakuacia vykonana,
« ako ma byt evakuacia vykonana - sposob evakuacie.

Aj ked odpovede na uvedené otazky sa mozu javit ako vel'mi
jednoduché, opak je pravdou. Presved¢ili nds o tom katastrofalne
nasledky povodni v Ceskej republike, kde otazky komplexnej eva-
kuacie neboli véas, dosledne a kvalitne rieSené, najma vo vztahu
k evakuacii zvierat, historickych pamiatok a iného majetku. Vznik-
nuté Skody tu predbezne dosahuju az 100 miliard K¢. Okrem
tychto vycislenych $kod existuju dalSie, ktoré sa nedaju vyjadrit
v peniazoch. Na porovnanie st v tabul'ke Cislo 1 [7] uvedené vybrané
udaje o nasledkoch spdsobenych povodiami na uzemi Slovenskej
republiky v rokoch 1997 az 2000 a nutnosti evakuacie osob, zvierat
a majetku.

KOMNIKOCIe
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« when will evacuation take place

« where from and where to is evacuation supposed to be realised

« how is evacuation supposed to be realised - method of evacua-
tion.

Answers to the above questions may seem to be simple.
However, opposite is the true. Catastrophic results of floods in the
Czech Republic, where complex evacuation tasks were not solved
in time, thoroughly, in good and workmanlike manner, mainly in
relation to evacuation of animals, historical monuments and other
resources, prove this statement. The pre-set incurred losses reach
up to 100 billion Czech crowns. Besides these losses there are
other losses without any monetary expression. Tab.1 [7] includes
selected data describing consequences of floods that happened in
the Slovak Republic in the period of 1997-2000 and the necessity
to evacuate persons, animals and property.

Vybrané udaje o nasledkoch povodni Tab. 1 Selected data on floods and evacuations Tab. 1
a evakuacii v rokoch 1 997 az 2 000 consequences in the period of years 1997 - 2000
Vybrané idaje Rok Selected data Year
1997 | 1998 1999 | 2000 1997 1998 1999 | 2000
Postihnuté obce a mesta 366 75 6065 220 Affected villages and towns 366 75 6065 220
Postihnuté obyvatelstvo 22373 | 10850 | 70 578 | 4 607 Affected inhabitants 22373 | 10850 | 70 578 | 4 607
?elkoy)’t rozsah zaplaveného Tota}l area of submerged 23680 139523 | 41955 | 76 497
uzemia (ha) 23680 | 3952,3| 41 955 | 76 497 territory (ha)
Zaplavené vodné zdroje 1442 | 1467 | 5468 189 Submerged water resources 1442 | 1467 | 5468 189
Poskodené tseky Zeleznic (km) 15,7 - 2,9 0,1 Damaged railway divisions (km) 15.7 - 2.9 0.1
Poskodené tseky ciest Damaged road divisions
(1. a 2. triedy) a miestnych 465 110,9 | 3377 | 350,2 (1. a 2. class) and local 465 110.9 | 3377 | 350.2
komunikacii (km) thoroughfares (km)
Poskodené a znicené mosty 362 72 260 94 Damaged and destroyed bridges 362 72 260 94
Evakuované osoby 19917 | 3618 | 1792 210 Evacuated persons 19917 | 3618 | 1792 210
Evakuované hosp. zvierata 4042 148 3613 - Evacuated farm animals 4042 148 3613 -
Evakuovany material (t) 1038 187 127 251 Evacuated material (t) 1038 187 127 251

[Zdroj: Spravodajca poZiarnej ochrany - tedria a prax, rocniky 1998
az 2000, MV SR, UPO]

Rozhodujicu ulohu pri riadeni a zabezpeCovani evakuacie
zohravajui odborne pripravené a sposobilé osoby. Evakuaéné komisie
musia byt schopné:

« analyzovat rizika, zranitelnost a kapacity,

« vypracovat realnu evakuacnu dokumentaciu a v priebehu eva-
kudcie ju operativne a prehladne viest,

« organizovat preventivne opatrenia na odvratenie nebezpecenstiev,
alebo zniZenie ich nasledkov na evakuované osoby a zvierata,

« s vyuzitim vsetkych dostupnych prostriedkov véas informovat
ohrozené obyvatelstvo,

« riesit vzniknuté problémy, navrhovat opatrenia a zabezpecovat
konkrétne stanovenie uloh realizujucim organom, organizaciam
a osobam,

« koordinovat ¢innost vSetkych zloziek, ktoré sa zucastiuju na
rieSeni stanovenych uloh evakuacie - Co sa tyka ciela, miesta
a Casu,

[Source: Fire protection report - theory and practice, volumes 1998
a7 2000, Ministry of Defence of the Slovak Republic, UPO]

Professionally trained and capable persons play an important
part in controlling and providing the evacuation. Evacuation com-
missions must be able to:

« analyse risks, vulnerability and capacities

« work out an objective evacuation documentation and keep it
operative and compendious during an evacuation period

« organise preventative measures to avert dangers or to lower their
consequences on evacuated persons and animals

« inform endangered inhabitants as soon as possible using all ava-
ilable means

« solve problems that have arisen, propose measures and provide
specific determination of tasks for authorities, organisations and
persons

« co-ordinate activities of all sections taking part in solving eva-
cuation tasks - aim, place and time

KOMUNIKACIE / COMMUNICATIONS 472002 =« 5l



KOMNIKOCIe

C O M M UNICATI ON:S

operativne riesif rozdiely medzi planovanym a skuto¢nym stavom
evakuacie,
vSestranne zabezpecCovat subjekty, ziCastnené na rieseni uloh
evakudcie.

Pocet Clenov a personalne zloZenie jednotlivych evakua¢nych

komisii musi Specifikovat mozné ohrozenie uzemia (obce, okresu
atd.), a to z toho dovodu, ze postihnuté uzemie je charakterizo-
vané spravidla:

roznym poctom postihnutych (Sokovanych, zranenych, usmrte-
nych) osob,

zniCenim a rozruSenim pozemnych komunikacii, dopravnych
prostriedkov a zariadeni,

zniCenim a rozruSenim administrativnych, hospodarskych, prie-
myselnych, skolskych a obytnych objektov,

preruSenym spojenim,

preruSenym zasobovanim,

prerusenou dodavkou elektriny, tepla a plynu,

zaplavenim rozsiahleho uzemia,

unikom neznameho mnozstva chemickej, radioaktivnej latky s na-
slednym zamorenim ovzdusia, terénu a zasob pitnej vody,
vznietenim horlavych predmetov a latok s mozZnostou vzniku
rozsiahlych poZziarov a vybuchov,

vznikom infekénych ochoreni,

narusenim Zivotného prostredia,

prvopociatocnym nedostatkom osdb a Specidlnej techniky na
vykonavanie lokalizacnych, zachrannych, likvida¢nych prac atd.

Evakuaéné komisie sa vo svojej ¢innosti riadia spracovanou

dokumentaciou, ktora je stanovena v [6]. Na zaklade ziskanych
poznatkov je mozné odporucif doplnenie dokumentacie o tzv.
Statut evakuacnej komisie, ktory obsahuje:

3. Logistické zabezpecenie

logistického zabezpecenia evakua-
cie osdb, majetku a zvierat zohrava
doprava a jej zabezpecenie. O zlo- 7z
zitosti uloh spojenych s tymto

zlozenie evakuacnej komisie, jej prava a povinnosti,
logistické zabezpecenie evakuacnej komisie,
analyzu zdrojov mozného ohro-
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operatively solve differences between planned and real state of
evacuation

use all possible means supply subjects taking part in solving
evacuation tasks.

Number of members and a personal structure of individual

evacuation commissions must specify possible jeopardy of a certain
area (village, district etc.), therefore an endangered area can gen-
erally be characterised by:

various numbers of afflicted persons (shocked, wounded, killed)
destruction and damage of ground communications, transport
means and facilities

destruction and damage of administrative, agricultural, indus-
trial, school and residential buildings

broken connection

cut off supplies

cut off electricity, heat and gas supply

floatation of a large area

leakage of unknown amount of chemical, and radioactive sub-
stances with successive contamination of air, terrain and water-
supplies

inflammation of combustible objects and materials with
a possibility of the origin of extensive fires and explosions
origin of infectious diseases

damage of the environment

initial lack of persons and professional technology used to
perform localisation, salvage and liquidation works etc.

Evacuation commissions, when performing any activities, follow

instructions worked out in [6]: On the basis of acquired informa-
tion it is possible to recommend supplying the documentation with
the so called evacuation commission statute that includes:

members of an evacuation commission, their discretions and
duties
logistic provision of an evacuation commission

« analysis of sources of a possi-

zenia a rozsah ich vplyvu,
vypocet evakuacnych opatreni
a Casovy rozvrh ich uplatnenia,

LOGISTIC PROVISION OF EVACUATION

ble danger and spheres of their
impact
« enumeration of evacuation

A

okruh 0s6b, zodpovedajucich za

Capability to evacuate animals and material things

measures and timetable of

vykonanie opatreni,

3 their application

sposob odovzdavania informa-

Undemanding renewal of impaired infrastructure

« group of people responsible

cii o priebehu evakuacie a pod.

for carrying out measures

Elimination of a great deal of perturbing influence

« way of information transmis-

AV

Possibility of operational management and control

sion procedure dealing with
the process of evacuation, etc.

A

A}

evakuacie ;

AV

Accessibility of places of loading (boarding)

3. Logistic provision of

Jednu z rozhodujucich uloh

evacuation

Accessibility of engineering units

7

Competence to evacuate dangerous articles |

Reliability Transport and transport
X provision play one of the deci-
Others sive roles of logistic provision of

problémov vypovedaju aj niektoré

udaje uvedené v tabulke Cislo 1.
Dopravné zabezpeCenie evaku-

Obr. 3. Osobitné poZiadavky na logistické zabezpecenie evakudcie
Fig. 3. Special requirements for logistic provision of evacuation

persons, property and animals
evacuation. Complexity of tasks
connected to this problem can
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acie mozno charakterizovat ako suhrn Cinnosti, uskutocovanych
s cielom pripravy a realizacie prepravy osdb, majetku a zvierat z ne-
bezpecného a ohrozeného priestoru (miest) na teritoriu, do urce-
nych priestorov (miest) s vyuzitim komunikacii, dopravnych pro-
striedkov a zariadeni, vratane oznamovacich a zabezpecovacich za-
riadeni.

Niektoré osobitné poziadavky na logistické zabezpecenie eva-
kuacie osob, zvierat a veci z hladiska dopravy s znazornené bez
narokov na poradie na obrazku Cislo 3.

Z logistického hladiska technoldgiu evakuacie ovplyviuje
najma:
« predmet evakuacie (osoby, zvierata, veci),
« vlastnosti evakuovaného nakladu,
« mnoZzstvo prepravovanych osob, nakladov,
« druh evakuaéného prostriedku atd.

V zavislosti od konkrétnej situacie sa na evakuaciu vyuzivaju
rozne druhy dopravy, ktoré st z ¢asového, vecného aj priestorového
hladiska k dispozicii. Evakuacia osob, zvierat a majetku sa vykonava
horizontalnym alebo vertikalnym sposobom. Pri vybere sposobu
evakuacie a tym aj vhodného dopravného prostriedku (zariadenia),
zohrava rozhodujucu ulohu najma:

« Co najrychlejSie (idealne je okamzité) pouzitie na vykonanie
evakuaénych preprav,

« manévrovacie schopnosti s dorazom na rychlost prepravy,

« spolahlivost a nezavislost od poveternostnych a terénnych pod-
mienok,

« dostatoéna kapacita na prepravu evakuovanych osob,

« prisposobivost moznym zmenam mimoriadne;j situacie,

« pruznost a rychlost zmien v riadeni a organizacii evakuacie
a pod.

Pri planovani dopravného zabezpecenia evakuacie je potrebné
Zo strany organov zabezpecujucich pripravu a realizaciu evakuacie,
venovat maximalnu pozornost vhodnému vyberu evakuacnych
zariadeni ako su evakuac¢né zberné miesta, evakuacné strediska,
stanica nastupu (vystupu), regulacné stanovista, miesto ubytovania
s dorazom na ich dostupnost a bezpecnost. MozZe sa stat, Ze krizova
situacia si vyzZiada novi evakuaciu uz evakuovanych osob.

Rovnako vel'kli pozornost je potrebné venovat vyberu vhodnych
komunikacii (cestnych a Zelezni¢nych) vyhradenych na vykonanie
odsunu evakuovanych oséb - evakuaCnych tras a ich sustavnej
priechodnosti. Dizka evakuaénych tras moze dosiahnut od niekol-
ko desiatok metrov az po stovky kilometrov. Priechodnost evaku-
acnych tras najméa cestnych je zabezpecena regulaciou pohybu
0sob a dopravnych prostriedkov. Pod tymto pojmom rozumieme:
« odklonenie dopravy,

« odstranenie (odsun) vozidiel na vhodné miesto,

« zabranenie vstupu nepovolanym osobam do ohrozenej oblasti,

« zabezpecenie plynulosti prechodu odbornych jednotiek, ktoré
st potrebné na vykonanie zachrannych, lokalizacnych a likvi-
dacnych prac,

« zabezpecCenie plynulosti odsunu osob z ohrozenej oblasti,

« zabranenie evakuovanému obyvatelstvu v predCasnom navrate
a pod.
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be confirmed by some of the data included in Tab. 1. Transport
provision of evacuation can be characterised as a complex of activ-
ities carried out with the aim to prepare and realise transport of
persons, property and animals from dangerous and endangered
area (localities) in the territory, to assigned places (towns) using
communications, transport means and facilities, including com-
munication and provision facilities.

Some of special requirements for logistic provision of persons’,
animals’ and things’ evacuation from the point of view of trans-
port are illustrated in picture No. 3, not accentuating the order.

From the logistic point of view the evacuation technology is
mainly influenced by:

« object of evacuation (persons, animals, things)

« properties of evacuated goods

« amount of persons, things etc. being transported
« sort of evacuation means etc.

Depending on current situation, those various kinds of trans-
port means are used for evacuation, which are accessible from the
point of view of the time and space. Evacuation of persons, animals
and property is being carried out in a horizontal and vertical way.
These facts play a decisive role in the selection of evacuation
means and thereby appropriate means of transport (facility):

« the fastest possible (ideally, immediate) usage to perform eva-
cuation preparations

« manoeuvrability with focus on transport speed

« reliability, safety and independence taking into account atmos-
pheric and terrain conditions

« sufficient capacity to transport evacuated persons

« adaptability to possible changes of a crisis situation

« flexibility and fastness of changes in evacuation management
and organisation, etc.

When planning the transport provision of evacuation it is nec-
essary, from the point of view of authorities arranging the prepa-
ration and performing evacuation, to pay maximum attention to an
appropriate selection of evacuation facilities such as evacuation
collection places, evacuation centres, station of evacuated persons
getting on (getting off), regulation points, accommodation places
with a focus on their accessibility and safety. It can happen that
a crisis situation will require a new evacuation of persons that have
been already evacuated.

At the same time it is necessary to pay great attention to the
selection of routes suitable for carrying out evacuated persons’
transfer and to the continuous permeability of these routes. Per-
meability is ensured by persons’ and transport means’ movement
regulation. Permeability means:

« diversion of transport

« removal (transfer) of vehicles to a suitable place

« preventing unauthorised persons from entering an endangered
area

« establishment of a smooth transfer of specialists performing
rescue, localisation and liquidation works

« establishment of smooth evacuation of persons from an endan-
gered area

« preventing evacuated persons from premature return etc.
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Evakuované osoby mozu mat zo sebou evakuac¢nu batozinu
s hmotnostou do 50 kg (dieta do 25 kg), ktoru sa odportca roz-
delit na dve Casti a prepravit:
o 1. cast - v dopravnom prostriedku (spolocne s evakuovanou
osobou),
o 2. ¢ast - v ndkladnom vozidle (vozni, batozinovom priestore
autobusu).

Aj ked je stanovena maximalna hmotnost evakuacnej bato-
Ziny, bolo by potrebné z hladiska jej rychlej manipulacie v prie-
behu evakuacie stanovit aj urcité maximalne rozmery. Evakuacnu
batozinu spravidla tvori kufor, batoh, ruksak, priru¢na kabela, ktoré
je vyhodné oznacit adresou evakuovanej osoby.

Pri samoevakuacii nie je hmotnost batoziny obmedzena. V pri-
pade, ze z objektivnych dovodov nebolo mozné zo sebou zobrat
evakuacnu batozinu, prideli evakuacna komisia podla predchadza-
juceho zhodnotenia evakuovanym osobam vybrané polozky nudzo-
vého balicka.

Dolezitou sucastou logistického zabezpecenia evakuacie, na
ktorom sa vyraznym sposobom podiela doprava, je aj v€asné zaso-
bovanie evakuovanych osob a osdb zabezpecujucich evakuaciu
dostatocnym mnoZstvom potravin, pitnej vody, prikryvok, hygie-
nickych prostriedkov a pod.

Z pravnych noriem Slovenskej republiky st pravnické a fyzické
osoby povinné poskytnut pri pripravach na civilni ochranu a pri
mimoriadnych udalostiach, organom Statnej spravy alebo samo-
spravy vecné prostriedky, ktoré vlastnia alebo uzivaju. Na zaklade
pokynov pre dopravné zabezpecenie evakuacie, ktoré vydalo minis-
terstvo dopravy, post a telekomunikacii vyplyva, Ze za rozhodujuce
druhy dopravy pri evakuacii sa povazuju cestna a zelezni¢na
doprava. Ako doplnkovy druh prepravy pri plneni uloh evakuacie
0s0b, domacich zvierat, pripadne veci je mozné vyuzit aj letecku
a vodnu dopravu.

4. Zaver

Evakuacia, t. j. poskytovanie pomoci pri zachrane zivota, zdravia
a majetku sa najcastejSie spaja najma s ¢innostou jednotiek hasic-
ského a zachranného zboru a zachrannych brigad civilnej ochrany
ministerstva vnutra. Okrem tychto zloZiek sa na evakuacii podielaju
aj zlozky policie, vyClenené jednotky ozbrojenych sil SR, horska
sluzba, banska zachranna sluzba, zachranna zdravotna sluzba
(rychla a letecka), vodna zachranna sluzba, Slovensky cerveny kriz
a iné obcianske zdruzZenia, ktoré v ramci svojej ¢innosti vykona-
vaju zadchranné prace, alebo poskytuju humanitarnu pomoc. Zo
zlozZiek, ktoré sa podielaju na evakuacii a nasledne na nudzovom
zasobovani vyplyva aj zloZitost jej logistickej podpory, ktoru sme
v ¢lanku nemohli rozobrat v plnom rozsahu, a preto sme sa zame-
rali iba na niektoré jej najdolezitejSie problémy.
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Evacuated persons are allowed to take evacuation luggage
weighing not more than 50 kg with them (children 25 kg). It is
recommended to divide this luggage into two parts and transport
them in the following way:

+ 1 part - in transport means (together with evacuated person)
« 2 part - in goods vehicle (wagon, bus baggage compartment).

Although the maximum weight of evacuation luggage is stated
beforehand, it would be necessary, from the point of view of quick
manipulation during the process of evacuation, to state a maximum
size of the luggage. Evacuation luggage usually consists of a suit-
case, rucksack, and handbag. It is recommended to label all pieces
of evacuated persons’ luggage.

In case of self-evacuation the weight of luggage is not restricted.
If, because of actual reasons, it is impossible for evacuated persons
to take evacuation luggage, the evacuation commission, following
previous evaluation, will supply these persons with certain items
from an emergency packet.

An early supply of evacuated persons and persons providing
evacuation by sufficient amount of food, drinking water, covers,
sanitary things, etc. Is an important part of logistic provision of
evacuation, where transport plays an important role.

It is stated by rules of law of the Slovak Republic that during
the time of civil protection preparations or in case of crises situa-
tions legal and natural persons are obliged to provide state admin-
istration and self-government authorities with things and materials
they possess or use. According to transport provision of evacuation
instructions, published by the Ministry of Transport, Post and
Telecommunications, road and railway transport are considered
to be crucial means of transport during evacuation. Air cargo ser-
vices and waterborne transport can be also used as complemen-
tary transport means when evacuating persons, domestic animals
and, possibly things and materials.

4. Conclusion

Evacuation, that is, providing help when rescuing persons’ life,
health and property is the most frequently connected with activi-
ties of fire brigades, rescue teams and rescue brigades of a civil
protection of the Ministry of the Interior. Besides these, the police,
certain bodies of the Armed Forces of the Slovak Republic, moun-
tain rescue service, mining rescue service, first-aid service (emer-
gency, air), lifeboat service, the Slovak Red Cross and other civil
associations whose activities include rescue activities or providing
humanitarian help can take part in the process of evacuation. The
whole range of bodies that take part in evacuation and conse-
quently in emergency supply suggest the complexity of evacua-
tion’s logistic assistance that is not possible to discuss in the full
extant in this article. That is why we focussed our attention to its
biggest problems.
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STANOVENIE MIERY RIZIKA V RAMCI KVAHTATWNYCH NORIEM
PRI RIESENI PROBLEMATIKY OCHRANY 0SOB A ICH MAJETKU

EXPOSITION OF MEASURE RISK WITHIN QUALITY NORMS BY SOLVING THE PROBLEMS
OF THE PERSONS AND PROPERTY PATRONAGE

Kvalitativne normy, ktoré su v siicasnom obdobi zavadzané do vset-
kych odvetvi riadenia, tispesne vstupuji aj do novych druhov manazér-
skej cinnosti, medzi ktoré zaradujeme aj bezpecnostny manaZment.
Zmluvny bezpecnostny zdujem ochrany persondlnych, hmotnych a ne-
hmotnych chranenych aktiv prostrednictvom modelu procesne oriento-
vanej ochrany plnohodnotne naplituje poZiadavky kontinudlneho zlepso-
vania systému manazérstva kvality bezpecnostného procesii.

Cldnok si kladie za ciel logicky zoradit realizdciu bezpecnostného
procesu zvyraznenim vzniku zdkona o sikromnych bezpecnostnych
sluzbdch, kategorizdciou jednotlivych stuprnov hierarchie realizdcie
vwkonu bezpecnostnych sluzieb a ndslednii detekciu a odhad rizik,
v ramci analyzy bezpecnostného systému, ako zdkladného prvku bez-
pecnostnej koncepcie.

1. Vznik zakona 379/1997 Z. z. o sikromnych
bezpecnostnych sluzbach a nasledné profilovanie
prislusnych kvalitativnych noriem

Problematika systémov kvality je v sucasnom obdobi aktualna
vo vSetkych fazach Cinnosti vyrobného procesu, ale aj v oblasti
poskytovania sluzieb. Zavadzanim systému kvality, s pripadnou
naslednou certifikaciou, podnik alebo firma prezentuji navonok
svoju snahu vychadzat v Ustrety poziadavkam zakaznika a dodrzia-
vat presne stanovené postupy, ¢im zabezpeci dodrziavanie stano-
venej Urovne kvality. Bezpecnostny manazment, ako nova sucast
manazovania ludskej ¢innosti, je zamerany na riadenie ¢innosti
bezpecnostnych sluzieb.

Skutoénou meratelnou hodnotou tejto ¢innosti je kvalita vyko-
nu pri ochrane aktiv chranenych objektov. Neustalemu zdokonalo-
vaniu kvality bezpecnostného manazmentu napomaha aj poznanie
zasad a principov (profilovanie) komplexného bezpecnostného
manazmentu a jeho realizacia v bezpeénostnom procese. Zo zis-
kanych skusenosti je zrejmé, Ze z viacerych koncepcii budovania
systému kvality su najrozpracovanejSie normy pre budovanie sys-
tému kvality v automobilovom a jadrovom priemysle. Pre posu-
dzovanie kvality bezpecnostnych sluzieb maji vyznam nasledovné
koncepcie:

* doc. Ing. Marian Mesaros, CSc.

Qualitative norms at present being introduced into all sectors of
management also enter successfully new sorts of managerial activities
including safety management. Contractual safety interest of personal,
material and non-material protected assets by means of a model
process orientated protection meets fully requirements of continual
improvements of managerial quality system of protection process.

The aim of the article is to arrange logically the phases of the
safety process development by means of accentuating existence of the
private security service law, categorisation of individual parts of the
hierarchy of the development of security services and subsequent detec-
tion and pre-estimating risks in the framework of the safety system as
a basic element of the safety conception.

1. Enforcing law 379/1997 Code of laws on private
safety services and consequently profiling pertinent
qualitative norms

At present issues concerning quality systems are not only
topical in all phases of the production processes but also in all the
areas providing services. Introducing quality systems, together with
subsequent certification of the company (or the firm presents
externally its effort to meet customers’ requirements and to observe
precisely firmly determined procedures), can provide meeting
determined standards of the quality. Safety management, as a new
element of the managing human activities, is aimed at managing
activities of security services.

Really quantifiable value of this activity is the quality of the
performance when protecting assets of the protected objects. Con-
tinuous quality improvement of the safety management is also
helped by knowledge of principles and rules (of the profiling) of
the complex safety management and its carrying out in the safety
process. From the acquired experiences it is evident that from many
conceptions of developing quality systems the most elaborate norms
for designing quality systems can be found in automobile and
nuclear industries. For assessing quality of the safety services the
following conceptions can be taken into account:

Faculty of Special Engineering, University of Zilina, work place: Kosice, Mlynarska ¢. 15,

Tel.: +421-55-6771379, E-mail: fsi_ke@stonline.sk
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- koncepcia EFQM (Eurépska nadacia pre manaZérstvo kvality)
- koncepcia TQM (Komplexné manazérstvo kvality)
- koncepcia noriem ISO radu 9000.

V roku 1987 vydala organizacia ISO po prvykrat subor noriem
radu ISO 9000. Dévodom bola potreba zhrnutia poziadaviek pre
budovanie internych systémov kvality v uz existujicich firmach.
Uvedeny stibor predstavuje interpretaciu jednotlivych postupov
pre uplatnovanie manazérstva kvality, ktoré navySe umoznuje jej
certifikaciu, urCuje hlavné znaky subsystémov, potrebné na urcenie
zhody, pricom znamena vytvorenie jednotlivych zasad manazér-
stva kvality.

V sucasnom obdobi sa pouZzivaji v bezpecnostnom manaz-
mente normy radu ISO 9000 vydané v roku 1994, ktoré boli orien-
tované na vyrobné podniky. Z tohto dévodu vznikla poziadavka na
ich prepracovanie a nové normy boli po pripomienkovani schvalené
15. 12. 2000. V ramci prepracovanych noriem sa uvazuje s pridanim
prvkov tykajucich sa neustaleho zlepSovania sa, ktoré v predcha-
dzajucej norme neboli zahrnuté. V pripade noriem radu ISO 9000
moZeme vSeobecne konstatovat, Ze zdokumentované postupy na
zaklade poziadaviek noriem, maju zabezpecit udrziavanie stanove-
nej urovne kvality. Systém kvality zabezpecuje cyklické opakova-
nie urcitej ¢innosti.

Organizacia nemozZe oCakavat, ze systém kvality zmeni neren-
tabilnu prevadzku na rentabilnu, ¢im by doslo k nepochopeniu
poslania skvalithovania ¢innosti firiem.

Systém kvality budovanej koncepciou ISO 9000 ma svoje opod-
statnenie, ak podnik poskytuje sluzby v dostatocnej kvalite a snahou
vrcholového vedenia je tito kvalitu udrziavat na danej irovni.

V bezpecnostnom manazmente je hierarchické usporiadanie,
pocinajuc pracovnikmi priamo vo vykone sluzby, az po vrcholovy
manazment, ktory systém kvality moderuje a vyhodnocuje.

Samotny zakon 379/1997 Z. z. bol niekol'kokrat novelizovany
a vo svojej podstate si nadalej zachovava len zakonni normu
a ostava v pozicii tvorcu zasad, ktoré by sa mali rozvijat v ramci
bezpecnostného manazmentu.

Obsah a ulohy kvalitativnych metod do ¢innosti bezpecnost-
ného manazmentu zavadzaju vzdelavacie institucie od zakladnych
vzdelavacich kurzov az po vysokoskolské vzdelanie. Sticasné obdo-
bie, v ramci vzdelavania bezpecnostnych pracovnikov a manazérov,
si vyZaduje vytvarat podmienky pre udelovanie certifikovanych sys-
témov manazérstva vzdelavacej institucie. Touto cestou sa vytvoria
podmienky pre vznik manazérskych zrucnosti pre absolventov
zakladnych skoleni, pre Studentov vsetkych druhov prislusného
studia a konciac organizaciou, ktora posobi vo vybranom sektore.

Prakticky bezpe€nostny manazment, vyuzivajuci kvalitativne
metody riadenia, je zaloZzeny na odhade prislusného rizika. Preto
prislusni manazéri v bezpe¢nostnom prostredi tomuto problému
prikladaji vysoku vaznost.
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- system EFQM ( European Foundation of Quality Management)
- system TQM ( Total Quality Management )
- system ISO Standards 9000

In 1987 ISO institution issued a body of norms ISO 9000 for
the first time. The main reason was a necessity to summarise
requirements for developing internal quality systems in existing
firms. The mentioned body of norms presents an interpretation of
individual procedures for applying quality management, in addi-
tion to this, it enables its certification, determines main signs of
the subsystems necessary for determining correspondence includ-
ing formulation of individual principles of managing quality.

At present safety management ISO Standards 9000 (published
in 1994), are applied and they were oriented at firms. This reason
brought about a new requirement to revise them. New norms after
taking into account critical remarks were approved 15 th, Decem-
ber 2000. The revised norms contain new elements concerning
continuous improvements which were not included in the previ-
ous norms. In case of ISO Standard 9000 it can be stated gener-
ally, that documented procedures on the basis of the norms are to
maintain the determined standard of quality. The quality system
provides cyclical repetition of certain activity.

The organisation cannot expect, that the quality system will
turn a non-profitable operation into profitable one, that would mean
a misunderstanding of the mission of the improving of the firm
activities.

The quality system developed by ISO 9000 can be justified
only if the firms offer services of the adequate quality and senior
management has an intention to maintain the quality on the deter-
mined level.

The safety management has a hierarchical arrangement start-
ing with workers in the service up to top management that moder-
ates and evaluates the quality system.

Law 379/1997 C. of 1. itself has been several times amended
and basically it functions as a norm and remains in the position of
basis for creating principles that should be developed in the frame-
work of the safety management.

The content and aims of the qualitative methods in the activ-
ities of the safety management are introduced into educational
institutions starting with basic educational courses up to tertiary
education. Present period, in the framework of educating safety
workers and managers, requires creating conditions for studying
certification of the managerial systems in the educating institution.
In this way we can create conditions for developing managerial
skills for those finishing basic courses, for students of all kinds of
particular studies and for organisations acting in the selected
sector.

Practical safety management applying qualitative management
methods is based on the estimation of the particular risk. Due to
this reason particular managers in the safety environment con-
sider this problem very important.
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2. Vyznam rizika v ramci kvalitativnych metod v praktic-
kom bezpeénostnom manaimente

Odhad rizik je dolezitou sucastou rozhodovacieho procesu
manazérov na v§etkych stupnoch riadenia. Trochu zjednodusene
mozZeme riziko chapat ako predpokladatelni moznost ¢i danost
nejakého, spravidla negativneho javu, ktory moze nastat. Existuje
niekol'ko presnejSich definicii pojmu rizika zameranych na oblast
ekondmie, ekologie, bezpecnosti pri praci, ale aj marketingu, manaz-
mentu atd. V tomto prispevku sa budeme venovat odhadu rizik
vzniku chyb v bezpe¢nostnom manazmente.

Vediet v realnom case odhadnut mieru rizika vzniku chyby,
dovoluje v komplexnych bezpecnostnych systémoch riadenia spustit
ochranné mechanizmy preventivnych opatreni. Tieto mézu v konec-
nom dosledku zabranit ich vzniku alebo eliminovat ich negativny
vplyv.

Ked'Ze vyskyt chyby zavisi spravidla od nahody, dolezitou cha-
rakteristikou vzniku je nahodna velicina, ktoru budeme dalej nazyvat
pravdepodobnost vyskytu chyby. Pravdepodobnost vyskytu chyb
podstatnym sposobom ovplyviuje ich hierarchizaciu z hladiska
vel'kosti rizik. Napriklad riziko zrutenia stavby z dovodu zemetra-
senia je iné v tektonicky aktivnej oblasti nez v oblasti, v ktorej
dlhé roky neboli zaznamenané podstatné otrasy. Tomu je prispo-
sobena cela technologia stavby a jej ochrany, aj ked teoreticky nikto
nemoZe na ktoromkolvek mieste zemegule vznik katastrofalneho
zemetrasenia absolutne vylucit.

Na odhad pravdepodobnosti vyskytu nahodného javu existuje
pomerne bohaty matematicky aparat. Pri jeho aplikacii do praxe
vsak vznikaju v zasade dva druhy problémov:

« Problém s dodrzanim vSetkych podmienok plynucich z tedrie.
Napriklad dokazat, Ze dva javy su na sebe nezavislé, alebo urcit
presny odhad podmienenych pravdepodobnosti, moze byt v praxi
tazkym rébusom. Klasicka korelacna analyza mozZe byt uplne
nepouzitelna z dovodu malého vyskytu skimanych javov.

« Problém s interpretaciou Ciselného vyjadrenia odhadov.

Len malo odbornikov si vie realne predstavit rozdiel medzi prav-
depodobnostou vyskytu chyby (ak sa navySe v prvom pripade
chyba vyskytne hned na zaciatku uvazovaného obdobia).

Napriek spominanym problémom je poZiadavka praxe na jed-
noduché a relativne dostatocne presné odhady rizik vzniku chyb
v bezpecnostnom manazmente stale aktualnejsia. Komplexny bez-
pecnostny manazment je realizaciou bezpe¢nostného procesu spra-
vou a riadenim bezpec¢nostného systému, zameraného na personalnu
a osobnu ochranu, resp. ochranu nehmotného a hmotného vlastnic-
tva firmy. Jeho neoddelitelnou sucastou je bezpecnostnd analyza.
Ide o posudenie realnej zranitelnosti chranenych aktivit lokaliza-
ciou sustredenia rizik. Tymto sa urcia kritické miesta systému. Na
zaklade takéhoto vymedzenia je mozné vypracovat navrh bezpec-
nostnej koncepcie sluzieb a mechanizmov na zniZenie ohrozenia.
Bezpecnostna analyza sa sklada zo systému vyuzZitia analytickych
metdd, ktory tvori podsystém celkového bezpecnostného systému.
Urcenie vhodnosti analytickej metddy zavisi od jeho zlozitosti,
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2. Significance of Risk in the Framework of the Qualita-
tive Methods in the Practical Safety Management

Assessing risk is an important part of the decision process of
the managers on all levels of management. When simplifying the
matter risk can be understood as something that can presuppose
(anticipate) existence of some generally negative phenomenon that
can come into existence. There are several more precise definitions
of the concept of risk applied in the different areas - in economy,
ecology, safety at work, in marketing and management and in other
fields. In our article we will deal with calculating risk of failure
occurrence in safety management.

Knowing how to calculate a risk extent of failure occurrence
in real time, enables in complex safety systems of management to
release protection mechanisms of prevention regulations. They can
prevent in the long run from occurring failure or eliminate nega-
tive influence of the failures.

As failure occurrence depends generally on coincidence, an
important characteristic of occurrence is an incidental factor, which
we will call probability of failure occurrence. Probability of failure
occurrence has a basic influence on hierarchizing from the point
of view of extent of risks. For example, risk of collapsing of a build-
ing caused by earthquake is different in a tectonically active area
from the area where for a long time no stronger earthquakes have
been recorded. The whole technology and protection of the build-
ing is adjusted to this fact though theoretically possibility of earth-
quake cannot be excluded in any place on the earth.

For calculating probability of occurrence of incidental exis-
tence there is a relatively rich mathematical apparatus. When being
applied in practice, however, two kinds of problems generally occur:
« the issue observing all conditions in the theory

e.g. to prove that two phenomena are not dependent on each
other or to determine precise calculation conditioned probabili-
ties - in practice it can be a difficult riddle. A classical correla-
tion analysis can be totally inapplicable due to low occurrence
of studied phenomena.

« the issue combined with interpretation of numerical calculations
only few specialist have real concept of difference between pro-
bability of failure ocurrence of 1077 and 1073 (mainly when
a failure occurs immediately at the beginning of the studied
period in the first case)

In spite of the mentioned problems, the requirement of the
practice for simple and relatively sufficient precise calculations of
risk failure occurrence in the safety management is becoming more
topical. Complex safety management is carried out by safety process
by means of management and managing safety systems aimed at
personal and individual protection, respectively protection of non-
material and material property of the firm.

Safety analysis is its inseparable part. The point is that it is
necessary to judge real vulnerability of protected assets by localis-
ing risk concentration. In this way it is possible to determine
crucial points of the system. On the basis of such a limitation it is
possible to work out a design of safety conception of services and
mechanisms for lowering jeopardy. The safety analysis consists of
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dostupnosti idajov o poruchach, od dostupnosti technickych zabez-
pecovacich ¢i informacnych technoldgii, ale i do ludského faktora.
Existuje niekol'ko kvalitativnych metdd uspesne pouZivanych na
odhady rizik. Spomenieme napriklad metody FMEA, FMECA,
HAZOP atd. Ich nevyhodou je, Ze nepopisuju Struktiru a nasled-
nosti vzniku neZiaducich javov, hovorime, Ze su neStrukturalne.

Jednou z najCastejSie na tento Ucel pouzivanych struktural-
nych metdd je metoda Analyza stromu poruch FTA (Failure Tree
Analysis).

Analyza stromu chyb je metdda, ktora na zaklade grafického
rieSenia Struktiry problému pomaha k pochopeniu vztahov a nad-
vaznosti analyzovanych chyb. Osobitny druh systémového zlyhania
mozZe byt vyjadreny v suvislosti s druhmi zlyhania jednotlivych
prvkov a ¢innosti operatorov. Druh systémového zlyhania (korenova
udalost) sa nachadza vo vrchole zvanom koref, odkial smerom
nadol rozSirujuce sa vetvy poukazuju na mozné priiny. Tento
postup sa prerusi, ak narazime na udalosti sposobujuce zlyhanie
prvkov, ktoré sa nedaju delit, tieto nazyvame zakladne udalosti.
Analyzu stromu poruch dopina informacia o pravdepodobnosti
jednotlivych udalosti. TA mozZe byt ziskana exaktnym spdsobom
(pomocou §tatistiky), alebo pomocou kvalitativneho odhadu (naj-
CastejSie skupiny odbornikov).

Kazdy strom poruch vySetruje iba jeden z mnohych moznych
druhov zlyhani systému, a preto pocas hodnotenia akéhokolvek
systému je nutné spravidla zostrojit viac ako jeden strom poruch.
Vrcholy stromu poruch okrem udalosti tvoria aj logické spojenia
nazyvané hradla. Tieto vrcholy nepopisuju udalosti, ale logicku
vazbu medzi jednotlivymi vetvami.

Vysetrovanie intenzity systémového zlyhania v inych stucastiach
integrovanych systémov spravidla predpoklada, Ze poradie, v kto-
rom udalosti v systéme vznikaju, nie je dolezité. V pripade analyzy
ochranného bezpecnostného systému poradie zlyhani zékladnych
Casti je zivotne dolezité pre funkCnost systému. Napriklad, ak
vznikne nebezpecna udalost a ochranny systém zlyha, vysledkom
bude nebezpecné systémové zlyhanie. Hoci, ak vzniknu zlyhania
v inom poradi, kde sa nebezpecna udalost uskutocni pred zlyhanim
ochrannych systémov, potom vysledkom nebude zlyhanie celého
systému. Tento typ situdcie je modelovany uvazovanim o zlyha-
niach ako iniciujucich alebo umoznujucich udalostiach.

Ak sa iniciujuca udalost uskutoéni medzi ¢, a ¢;, nebezpecné
zlyhanie systému sa uskutocni. Hoci, ak iniciujuca udalost vznikne
pred 1, alebo po #,, ochranny systém bude reagovat, ako bolo
naplanované. Preto poradie zlyhani systému je dolezité. Iniciujiice
a umoznujuce udalosti su formalne definované nasledovne:

Iniciujiice udalosti st udalosti aktivne ovplyviujuce systémové
premenné, su podnetom na reakciu riadiacich, resp. ochrannych
systémov.

Umoziujiice udalosti su udalosti, ktoré nemaju priamy aktivny
vplyv na vrcholnu udalost, ale umoziuju iniciujiicim udalostiam
vrcholnt udalost spdsobit.

Je treba si uvedomit, Ze ak kvalitativna metdda neuvazuje
z rozdelenim udalosti na iniciujice a umoznujuce, potom mozeme

KOMNIKOCIe

C O MMUNICATION:S

a system applying analytical methods comprising a subsystem of
a total safety system. Determining suitable analytical methods
depends on its complexity, accessibility of information on failures,
on accessibility of technical safeguarding or information technolo-
gies including human factor. There are several qualitative methods
successfully applied for calculating risks. We mention eg. FMEA,
FMECA, HAZOP etc. Their disadvantage lies in absence of describ-
ing the structure and subsequent occurrence of undesirable phe-
nomena, we say, that they are non-structural.

One of the structural methods most frequently applied for this
aim is a method called Failure Tree Analysis.

Failure Tree Analysis is a method, which on the basis of
a graphical solution of the structure of the problem, helps to under-
stand relations and coherence of analysed mistakes. Individual type
of a system failure can be expressed by interrelation with other
types of failures of the elements and activities of operators. The
type of the system failure (root failure) is located at the top of the
tree called root from which down to the bottom spreading branches
point at possible causes. This procedure is interrupted when we
come across the events causing failure of the elements, that cannot
be divided; these are called basic events. The failure tree analysis
completes the information on probability of individual events. The
analysis can be acquired by a scientific method (by means of sta-
tistics) or by means of qualitative estimation (of a group of spe-
cialists).

Each failure tree analysis analyses only one type of many
possible types of failures and that is why during evaluation of any
system it is necessary to generally design more than one failure tree.
The tops of the trees except events comprise logical connections
called - gates. These tops do not describe events but logical
connection between individual branches.

Analysis of the intensity of system failure in other parts of the
integrated systems generally presupposes, that the sequence of the
events in the system is not important. In case of the analysis of the
safety system the sequence of failures of the basic parts is vital for
the functioning of the system. For instance - if dangerous events
appear and safety system will fail, it will result in dangerous system
failure. However, failures can appear in a different sequence where
a dangerous event can happen before failing safety systems, then
it will not result in failing the whole system. This type of the
situation is modelled by means of differentiating failures as initiating
or enabling events.

If the initiating event appears between #, and ¢,, a dangerous
system failure takes place.

Though, if initiating event appears before 7, or after 7, the
safety system failure will react as it was planned. Due to this reason
the sequence in the system failure is important. Initiating and
enabling events are formally defined in the following way:

Initiating events are such events that do not have a direct active
influence on the top event but they enable initiating events to
bring about the top event. It is necessary to realise, that if qualita-
tive methods do not take into account division of events into initiat-
ing and enabling then we can presuppose reassessment of expected
number of system failures. That can result in a very costly modifi-
cation of the system because presupposed action of the system will
be considered non adequately for unsuitable one. Modifications
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predpovedat precenenie oCakdvaného poctu
syst¢émovych zlyhani. To mozZe vyustif do

Critical state of the system

- p!
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need not be considered
inevitable, if a suitable

: Area detected for failure

I

i ' occurrence
velmi néakladnej modifikacie systému, lebo ' Occurrence of possible ' calculation method is
predpovedany chod systému bude neadek- ' events ' applied. It is necessary
vatne povazovany za nevyhovujuci. Modifika- | | to stress this constant-
cie nemusia byt povaZzované za nevyhnutné, ak i i ly because majority of
sa postupuje podla spravnej vypoctovej meto- : : qualitative methods do
diky. Je potrebné neustale to zdoraznovat, : Safety system - non active : . not differentiate be-
kedZe vacSina kvalitativnych metod neroz- to t) tme  tween initiating and
liSuje medzi iniciujucimi a umoznujucimi uda- T o enabling events.
lostami. Initiating event

Merania dolezitosti

Vel'mi uzitocnou informaciou, ktora moze byt odhadnuta alebo
odvodena z hodnotenia spolahlivosti systému, je miera dolezitosti
pre kazdy prvok alebo systém. Analyza dolezitosti je analyza citli-
vosti, ktora identifikuje slabé miesta systému a moze byt velmi
prospesna hlavne v etape planovania. Pre kazdy prvok miera jeho
dolezitosti predstavuje ulohu, alebo funkciu, ktori zohrava pri
sposobovani alebo prispievani ku vzniku vrcholnej udalosti. Vo
vSeobecnosti numericka hodnota je priradena kazdej zakladnej
udalosti, ktora ju dovoluje zatriedif, podla miery vplyvu na vznik
vrcholnej udalosti.

Miery dolezitosti rozdelujeme na:
1. deterministické a
2. pravdepodobnostné

Pravdepodobnostné miery dalej rozdelujeme: na tie, ktoré su
vhodné pre hodnotenie dostupnosti systému (pravdepodobnost
vrcholnej udalosti) a tie, ktoré st spojené s hodnotenim spolahli-
vosti systému (ocakavany pocet vznikov vrcholnej udalosti).

Deterministické miery

Deterministické miery hodnotia doleZitost prvku vzhladom
na fungovanie systému bez uvazZovania pravdepodobnosti zlyha-
nia prvku. Strukturalna miera doleZitosti je definovana pre prvok
i ako:

pocet kritickych stavov systému pre prvok i

celkovy pocet stavov pre (n—1) zostdvajiicich prvkov

Kriticky stav systému pre prvok i je stav pre zostavajuce n — 1
prvky taky, Ze zlyhanie prvku i sposobuje zmenu stavu systému
z funguje” na ,zlyhal“. KedZe tieto miery dolezitosti neberu do
uvahy pravdepodobnosti zlyhani prvkov, su pri rieSeni praktickych
problémov malo pouZivané.

Pravdepodobnostné miery (systémy nedostupnosti)

Birnbaumova miera délezitosti je znama aj ako funkcia Kritic-
kosti. Funkcia kritickosti pre prvok i je oznacovana Gi(q) a je defi-
novana ako pravdepodobnost, Ze systém je v kritickom stave kvoli
prvku i. Ide o sucet pravdepodobnosti vzniku kritickych stavov
skumaného systému pre prvok i.

Miera kritickosti déleZitosti je definovana ako pravdepodobnost,
Ze systém je v kritickom stave zavinenim prvku i a i zlyhal.

Measuring importance

Very useful information that can be estimated or derived from
an assessment of the reliability of the system, is the level of impor-
tance of every element or system. The analysis of importance is an
analysis of sensibility identifying weak spots of the system and it
can be very useful mainly in the phase of planning. For every
element the degree of importance presents a task of a function that
it plays when adjusting or contributing to the top event. In general,
a numerical value is allocated to every basic event participating in
the top event according to the degree of influence.
Degree of importance can be divided into:
1. deterministic
2. probabilistic

Probabilistic levels can be further divided into the ones that
are suitable for assessing accessibility of the system (probability of
the top event) and into those that are connected with assessment
of reliability of the system (expected number of occurrences of
the top event).

Deterministic levels

Deterministic levels evaluate importance of the element in
connection with functioning of the system without taking into
account probability of failing the element. The structural level of
importance is defined for the element i as follows:

number of critical states of the system for element i

total number of states for (n—1) remaining elements

Critical state of the system for the element i is a state for the
remaining » — 1 elements that failing element i brings about
a change of the system state -from the state “it functions” into the
state “it fails”. As the levels of importance do not take into account
probabilities of failing elements they are not frequently applied for
solving practical problems.

Probabilistic levels (systems of inaccessibility)

Birbaun’s level of importance is known as a function of acute-
ness. The function of acuteness is an element i and it is specified
as Gi(q). It is defined as probability that the system is in a critical
state due to the element 7. It is a total sum of probabilities of occur-
rence of critical states and studied systems for the element .

The level of importance criticality this level is defined as prob-
ability that the system is in a critical state caused by the element
i and the element / failed.
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Fussell-Veseleho miera déleZitosti je definovana ako pravdepo-
dobnost spojenia minimalnej rezovej mnoZiny obsahujicej 7, pricom
systém zlyhal. Rozmedzia doleZitosti dané metodou Fussell-Vesely
su vel'mi podobné tym, ktoré s vyprodukované mierou kritickosti.

Pravdepodobnostné miery (systémy nespolahlivosti)

Tieto miery st vhodné pre systémy, kde je ureny interval
spolahlivosti, pricom zalezi na poradi, v ktorom prvky zlyhavaju.
Vsetky miery s vazené podla o¢akavaného poctu systémovych
zlyhani v ¢asovom intervale od 0 po 7. (W(0, 1)).

Barlow-Proschanova miera doleZitosti inicidtora - je pravdepo-
dobnost, Ze iniciujiica udalost i spdsobi zlyhanie systému v intervale
[0, 7). Je to definované na urovni funkcie kritickosti a intenzity
nepodmieneného zlyhania prvku:

Miera doleZitosti umoznitela podla poradia prispenia - je prav-
depodobnost, Ze umoznujuca udalost i dovoli iniciujicej udalosti
sposobif systémové zlyhanie pocas intervalu [0, 7). Index j vo vyjad-
reni prechadza kazdou iniciujicou udalosfou, ktora je obsiahnuta
v rovnakej minimalnej rezovej mnozine ako umoznujica udalost i.

Barlow-Proschanova miera doleZitosti minimdlnej rezovej mnoziny.
Tato miera dolezitosti rezovej mnoZiny je pravdepodobnost, Ze
minimalna rezovd mnoZina spdsobi zlyhanie systému v intervale
[0, £), priCom systém zlyhal.

Ocakavany pocet systémovych zlyhani ako hranica pre

systémovi nespolahlivost

Ocakavany pocet systémovych zlyhani W(0, ¢) je horna hranica
pre systémovi nespolahlivost. Ak systém nezlyhava Casto, tato apro-
ximacia je blizko hornej hranice:

F(t) (nespolahlivost) = W(0, ) (ocakavany pocet systémovych
zlyhani)

Nech P(t) = P (presne i systémovych zlyhani v intervale [0,
1)). Nespolahlivost F(¢) je potom dana:

Firy=> P).
i=1

Ocakavany pocet systémovych zlyhani je

WO, 1) = > iP1).

i=1

Potom dostaneme:

8

©

P() = D iP(1).
1

i=1

i

Podmienka rovnost: P(2 alebo viac zlyhani) = 0, t. zn. pre spo-
lahlivé systémy nespolahlivost mozZe byt presne aproximovana oca-
kavanym poctom systémovych zlyhani.

Pouzitie systému mier chodu systému
Miery chodu systému su efektivne vyuzite[né hlavne v nasle-
dovnych pripadoch:
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Fussell-Vesely s level of importance is defined as probability of
connection of minimum cross-section set containing element i,
when the system failed. Boundaries of importance are determined
by Fussel-Vesely’s method and they are very similar to those that
are studied by the level of criticality.

Probability levels (systems of unreliability)

These levels are suitable for the systems where the interval of
reliability is defined and where the order of failing elements is
important. All the levels are weighed according to an expected
number of system failures in the time interval from O up to ¢
(Mo, 1)

Barlow-Proschan’s level of importance of initiator. It is a proba-
bility where initiating event i causes failing of the system in the
interval [0, 7). It is defined on the level of function of criticality
and intensity of unconditioned failure of the element.

The level of enabler importance according to the order of contri-
bution. 1t is a probability enabling an event i and it allows initiat-
ing event to cause the system failure during an interval [0, ¢). Index
j in the expression goes through every initiating event that is com-
prised in the same minimum cross-section set enabling event .

Barlow-Proschan level of minimum cross-section set importance
This level of cross-section set importance is a probability where
minimum cross-section set causes failing of the system in the inter-
val [0, ) due to this cause the system failed.

Presupposed number of system failures as a boundary for

system unreliability

Expected number of the system failures W (0, t) is an upper
boundary for the system unreliability. If the system does not fail
frequently, this approximation is near to upper boundary:
F(t) (unreliability) = W(0,t) (expected number of system failures)

If P(#) = P (precise number of i of the system failures in the
interval [0,t)0, then unreliability F(7) is defined as follows:

F(t)= > P(1).
i=1

Expected number of system failures is

©

WO, 1) = > iP(1).

i=1

Then we can get the following equation:

8

©

P()= > iP(D).
1

i=1

i

Condition for equality: P (2 or more failures ) = 0, that means
that for reliable systems unreliability can be precisely approximated
by means of expected number of system failures.

Application of the system of levels of the system operation
The levels of the system of the system operation is effectively
applied mainly in the following cases:
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1. Pre nepretrzité systémy, pre ktoré vrcholna udalost nemdze byt
tolerovana (ak je vrcholna udalost poziar, explozia) WA(0, 1) je
relevantna miera chodu systému.

2. Ked zlyhanie systému moze byt tolerované, Q(¢), F(t) a W(0, 1)
su zavazné. Pre stredne vel’ké systémy F(¢) je tazko presne vypo-
Citatel'né, ale ak systém je spolahlivy, potom: F(t) = W(O0, 1)

3. Pre nahradné alebo bezpecné systémy Q(¢), pravdepodobnost,
Ze systém zlyha v pripade potreby, je tieZ vyznamna relevantna
miera.

Prinosy Strukturovanych metod

1. Konstrukcia struktirovanych metéd ststreduje pozornost ana-
lytika na osobitny neZiaduci druh zlyhania systému, ktory je
obycajne, s ohladom na Zelané fungovanie systému, identifiko-
vany ako najkritickejsi.

2. Diagram Struktirovanej metody sa mozZe pouzit na zlepSenie
interpretovatelnosti vysledkov analyzy. Osobitne uzitoéné v mul-
tidisciplinarnom time s ¢lenmi, ktori nie si oboznameni s Cisel-
nymi mierami chodu systému.

3. Kuvalitativna analyza Casto poukazuje na najdolezitejSie charak-
teristiky systému.

4. Pouzitim udajov o zlyhani prvkov moze byt Strukturovana
metoda efektivne kvantifikovana.

Kvalitativne a kvantitativne vysledky spolu zabezpecuju nastroje

pre rozhodovanie, spolu s objektivnymi sposobmi hodnotenia adek-
vatnosti planovania systému.

Literatura - References
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1. For continuous systems for which top event cannot be toler-
ated (if the top event is a fire or an explosion), W(0, 1) is rele-
vant level of the system operation.

2. When failing the system can be tolerated, Q(¢), F(¢) and WA(0, 1)
are important. For intermediate systems F(¢) is difficult to cal-
culate precisely, but if the system is reliable, then F(¢) = W (0,).

3. For spare or reliable systems Q() presents probability, when the
system fails in case of necessity, it is also of relevant level.

Contributions of the structural methods

1 Designing structural methods concentrates analytic attention on
a special undesirable type of system failure, which is usually,
from the point of view of system operation, identified as the
most critical.

2 The diagram of the structured method can be applied for
improving interpretability of the results of the analysis. It is
especially useful in a multidisciplinary team with members
that are not informed about numerical levels of system opera-
tion.

3 Qualitative analysis often points at the most important charac-
teristics of the system.

4 Structural method can be effectively quantified by means of
applying the data about failing of the elements.

Qualitative and quantitative results together provide instru-
ments for making decisions together with objective methods of
evaluation of adequate system planning.
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ARCHITEKTURA A PROTOKOLY PRE BEZPECNE SIETE

BUDUCICH GENERACIH

ARCHITECTURE AND PROTOCOLS FOR ROBUST NGN

Komunikacné siete hraji v krizovom manaZmente vyznamnii
tlohu z pohladu infrastruktiiry. Pre splnenie tejto ilohy je potrebné
dosiahnut, aby komunikacné siete boli dostatocne bezpecné. Bezpec-
nost je jeden z aspektov, ktory sa bude dotykat aj sieti budiicich gene-
rdcii (NGN - Next Generation Networks). Prispevok uvddza referencny
model architektiiry a protokolov pre bezpecné NGN. Na zdklade cha-
rakteristik a poZiadaviek kladenych na riadiacu vrstvu, poukazuje na
sposob, akym moéze byt riadiaca vrstva dekomponovand a definuje tiez
zdkladné sietové prvky, rozhrania a protokoly, ktoré by mohli byt pouZité
pre ich vzdajomnii spoluprdcu. Na zdklade charakteristik a poZiadaviek
na vrstvu transportnii a vrstvu konektivity, ako aj pouzitim prikladov
roznych typov sieti a technologii, sa autori pokusili definovat vseobecné
funkcie vrstvy transportnej a vrstvy konektivity v sieti.

1. Uvod

Komunikaéné siete hraju v krizovom manazmente vyznamnu
ulohu z pohladu infrastruktury. Pre splnenie tejto tlohy je potrebné
dosiahnut, aby komunikacné siete boli dostatocne bezpecné. Bez-
pecnost je jeden z aspektov, ktory sa bude dotykat aj sieti budu-
cich generacii (NGN - Next Generation Networks).

Nazov NGN sa zvyCajne pouziva v suvislosti so zmenami
v infraStrukture a poskytovani sluZieb, ktoré sa zacali v telekomu-
nikacnom a IT priemysle [1]. Je vSak potrebné zdoraznit tiez to,
Ze pre NGN neexistuje presna definicia, pretoZe NGN neoznacuje
Ziadnu novu technoldgiu alebo typ siete, ale pouziva sa skor ako
»Zastresenie®, pojem, ktorym sa oznacuje vyvoj a trendy po ére
PSTN/ISDN/GSM.

Jednou zo zakladnych charakteristik NGN je oddelenie sluzieb
a sieti, Co umoznuje, aby mohli byt ponikané samostatne a mohli
sa vyvijat nezavisle. Z tohto dévodu je sucastou navrhovane;j archi-
tektary NGN jednoznacné oddelenie funkcii potrebnych pre rea-
lizaciu sluzieb a funkcii potrebnych pre prenos. Potom ale medzi
oboma funkciami musi existovat otvorené rozhranie. NGN umoz-
fiuje takymto spdsobom poskytovanie existujucich, ale aj novych
sluzieb nezavisle od pouzitého typu siete a typu pristupu k danej
sluzbe.

Dalsou dolezitou charakteristikou NGN je oddelenie vrstvy
prenosu a vrstvy riadenia, ktoré komunikuji navzajom taktiez pro-

* Ing. Tatiana Kovacikova, PhD., doc. Ing. Martin Klimo, PhD.

Communication networks play an important infrastructural role
in the crisis management. To fulfill this role, they have to be robust
enough. The robustness is an aspect, which will have to be taken into
account also in NGNs (Next Generation Networks). The paper intro-
duces a reference model of the architecture and protocols for robust
NGNs. Based on characteristics and requirements for the control archi-
tecture, it shows how the control layer can be decomposed, it identi-
fies the basic network elements and the interfaces and protocols that
might be used for their interworking. Based on the characteristics and
requirements of transport and connectivity layers architecture, and
using the examples of different network types and technologies, the
authors try to identify the general functions of the transport and con-
nectivity layers in the network.

1. Introduction

Communication networks play an important infrastructural
role in the crisis management. To fulfill this role, they have to be
robust enough. The robustness is an aspect, which will have to be
taken into account also in NGNs (Next Generation Networks).

The name NGN is usually given to the changes to the service
provision infrastructures that have started in the telecom and IT
industry [1]. What is necessary to be said is that no exact definition
for NGN can be formulated, since NGN is not another new tech-
nology, nor new kind of single network, but rather an umbrella
term to describe developments following the PSTN/ISDN/GSM
era.

One of the main characteristics of NGN is the decoupling of
services and networks, what allows them to be offered separately
and to evolve independently. Therefore in the NGN architectures
proposed, a clear separation between the functions for the services
and the functions for the transport is done. An open interface is
provided between both. NGN allows the provisioning of both exist-
ing and new services independently of the network and the access
type used.

Another main characteristic of NGN is the decoupling of
network transport and control layers, which interwork via open

Department of InfoCom Networks, Faculty of Management Science and Informatics, University of Zilina,
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strednictvom otvorenych rozhrani. Zatial' ¢o vrstva prenosu mozZe
byt realizovana roznymi technoldgiami, vrstva riadenia je plne neza-
visla od pouzitej technologie. Zakladnou ilohou NGN je posky-
tovat spolo¢né, jednotné a flexibilné prostredie pre poskytovanie
roznych typov sluzieb a aplikacii potrebnych pre manazment siete
prostrednictvom réznych prenosovych technoldgii. Koncepcia vrs-
tiev, pouZita pre navrh architektury NGN, umozZnuje operatorom
zvolit si vhodné transportné prvky a kombinovat ich s vhodnym
riadiacim softvérom.

2. Charakteristiky a poZiadavky na riadiacu vrstvu NGN

KedzZe v tejto Casti prispevku sa zaoberame hlavne vrstvou ria-
denia NGN, uvedieme si najprv niektoré vlastnosti a funkcie, ktoré
musi riadenie v NGN zabezpecovat [2]:

« Transportna vrstva NGN je zaloZena na paketovych trechnolo-
giach. Nezavisle od technologii vsak musi podporovat rozne typy
sluzieb vratane lubovol'nej kombinacie prenosu hlasu, videa a dat
poskytovanych s rozlicnymi uroviiami QoS (Quality of Service).

« Vrstva riadenia je ovplyvnena potrebou podporovat vysokorych-
lostné multimedialne sluzby. Musi byt teda optimalizovana tak,
aby umoznila sluzby vyZadujuce zabezpecenie QoS na jednej
strane, ale na druhej strane tiez dostatoCne rychla a spolahliva
aspon tak, ako signalizacia v PSTN.

« Vrstva riadenia musi byt otvorena tak, aby umoznovala jednodu-
chu integraciu novych sluzieb, vyvinutych bud’ poskytovateImi
sluzieb, ,tretou stranou®, alebo dokonca samotnymi koncovymi
pouzivatelmi.

« NGN musi podporovat oba typy koncovych zariadeni, ¢i uz
zariadenia existujuce alebo nové typy zariadeni vyvinutych pre
NGN. Pritom takéto nové typy koncovych zariadeni mozu byt
ovela inteligentnejSie ako tradi¢né jednoduché typy telefonov
alebo dokonca multimedialne pracovné stanice. NGN koncové
zariadenie poskytuje vel'mi silni pocitacovu platformu pre to,
aby v nom mohla byt implementovana logika a uchované nie-
ktoré data, priCom iné data, resp. logika m6zu byt umiestnené
na siefovych serveroch. Takto distribuované data a logika budu
mat, zamozrejme, velky vplyv na vrstvu riadenia.

« Hranica medzi funkciami riadenia a manazmentu sa postupne
straca a v NGN sa pravdepodobne tplne strati. Je to z toho
dovodu, Ze nielen riadenie sluzby, ale aj funkcie manazmentu
zacCinaju vyzadovat vykon funkcii v realnom case. Okrem toho
funkcie stvisiace s manazmentom sluzby vyzaduju rovnaky stu-
pen spolahlivosti ako funkcie riadenia sluzby. Preto je velmi prav-
depodobné, Ze funkcie riadenia a manazmentu v NGN budu
podporované rovnakou architekturou.

« Prvky riadenia v NGN potrebné pre riadenie relacii, médii, doru-
Cenia sluzieb, siefovych zdrojov a pod. mozu byt v sieti distri-
buované na roznych miestach, dokonca v ramci roznych sieti,
a preto musia navzajom komunikovat prostrednictvom otvore-
nych rozhrani. Pre potrebu komunikacie prvkov riadenia v sieti
su vyvijané nové protokoly. Dolezitym aspektom, vplyvajucim na
architektaru riadenia v NGN je aj nutnost zabezpeCenia vzajom-
nej spoluprace NGN s existujucimi siefami, ako PSTN (Public
Switched Telephone Network), ISDN (Integrated Services Digi-
tal Network) a GSM (Global System Mobile).

PREHLADY / REVIEWS

interfaces. While transport relies on different technologies, control
layer is independent. Its primary goal is to provide a common,
unified, and flexible environment that can support multiple types
of services and management applications over multiple types of
transport. The concept of architectural layering gives carriers the
possibility to choose the most appropriate transport elements and
combine them with the most appropriate control software.

2. Characteristics and requirements of NGN
control architecture

As this paragraph deals mainly with the NGN control layer,
we will consider now some of the characteristics and functions the
NGN control has to provide for [2]:

« The underlying transport network in NGN relies on packet-based
technologies. Anyway, regardless to a technology, it has to support
a variety of services involving any combination of voice, video
and data, provided with different levels of QoS.

« The control layer architecture is affected by the need to support
high-speed multimedia services. It has to be optimised for QoS-
enabled services on one hand, but it has to stay fast and reliable
like signalling in the PSTN on the other hand.

« The control layer has to be open in order to allow easy integra-
tion of new services developed either by service providers, or by
third party service provider, or even by end users themselves.

« NGN has to support both existing and “NGN aware” end ter-
minal devices. The latter ones can become far more sophisticated
than the traditional low-functionality telephone sets or even mul-
timedia workstations. The NGN end terminal devices will provide
a strong computing platform for local execution of logic and
storage data in conjunction with network-based servers. This will
have, in turn, heavy impacts on the control layer.

« The boundary between control and management functions has
been wiping away and probably will completely disappear in
NGN. Not only service control, but also management functions
are beginning to require real-time performance. Moreover, there
are mainly service management functions that require the same
level of reliability as service control. Thus, it is very likely that
NGN management and control functions will be supported by
the same architecture.

« In NGN the different control functional entities for policy, ses-
sions, media, resources, service delivery, security, etc. control
may be distributed over the infrastructure, including both exist-
ing and new networks and communicating over open interfaces.
New protocols are being standardized to provide the communi-
cation between those functional entities. Interworking between
NGN and existing networks such as PSTN, ISDN and GSM is
another aspect that implies on the control architecture.
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Na zaklade poZiadaviek, kladenych na riadiacu vrstvu NGN,
moZeme naznacif, ako by mala vyzerat jej architektura (obr. 1)
[3]. Riadiaca vrstva NGN moze byt dekomponovana na podvrs-
tvu riadenia Specifickych funkcii a charakteristik sluzby, povrstvu
riadenia sluzieb/relacii a podvrstvu riadenia konektivity. Dalsia
dekompozicia moze byt urobena vnutri podvrstvy sluzieb. Odde-
lenie pristupu k sluzbe, samotnej sluzby a komunikacénej relacie
umoznuje to, Ze kazdy typ relacie moze byt spracovany nezavisle
od inych relacii. Takto je mozné z jedného pristupu iniciovat
viacero sluzieb a samotné komunikacné relacie mozu byt spraco-
vané nezavisle od globalnej sluzby,
ktorej sucast tvoria. Delenie funkcii
riadenia umoznuje vyvijat nové typy

sluzieb nezavisle od nizSie leZiacej
Standard Protocols <——>
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Based on the requirements on the NGN control layer, we can
look now at its architecture (Figure 1) [3]. The NGN control layer
can be decomposed into feature control, service/session control,
and connectivity control. Another decomposition can be done
within the service control layer itself. The separation between
access, service, and communications session control sublayers
allows each type of session to be treated independently from the
others. In this way, multiple service sessions can be started from
a single access session and communications sessions can be treat-

ed separately from the overall service session they are part of. The
separations mentioned above
allow for services to be devel-
oped independently from un-
derlying connectivity control.

Common
Processing

Service API

Feature Control

Another aspect of NGN

programovacom rozhrani (API - Ap-

open architecture and inter-
faces is the possibility to
provide for an open develop-
ment environment based on

Access, Service &
Communications
Session Control

tc.
plication Programming Interface). o

Toto zase umozZni poskytovatelom
sluzieb, vyvojarom aplikacii z tretej
strany, ale aj koncovym pouZzivatelom
rychlo a jednoducho vytvarat a im-
plementovat aplikacie, vyplyvajice
z ich konkrétnych potrieb. Tym, ze
poskytovatelia sluzieb ziskaju viac
kontroly nad procesom zavadzania sluzieb, urychli sa na jednej
strane zavadzanie novych sluzieb a vznikne tieZ moznost opako-
vaného vyuzitia prvkov uz existujicich aplikacii.

Vdaka distribuovanému spracovatelskému prostrediu NGN
(DPE - Distributed Processing Environment), ktoré poskytuje
»middleware® pre moznost vzajomnej komunikacie distribuovanych
prvkov vrstvy sluZieb, riadenia a prenosu, je mozné oddelit inteli-
genciu siete od prvkov fyzickej siete. Takto mozZe byt inteligencia
siete distribuovana do najvhodnejsich bodov v sieti, vratane konco-
vych zariadeni. Siefova inteligencia moze byt v zasade umiestnena
bud’ na serveroch, na ktorych bezia programy a prvky potrebné pre
danu sluzbu, alebo na serveroch vyhradenych pre $pecialne funk-
cie (ako su napr. uzly riadenia sluzieb inteligentnych sieti (SCP -
Service Control Points), inteligentné
periférne zariadenia a pod., alebo
na okrajovych zariadeniach tak, aby

vrstvy riadenia konektivity. <

= 1xs . « TCAP P
Dalsim aspektom otvorenej ar- oo

chitektury a rozhrani NGN je moz- - g%g?/MGCP <

nost poskytnut otvorené vyvojové . UNI40 <:>: >

prostredie zalozené na aplikacnom | 5% =

. SP <>

. <d

<

<

<

APP

<>
<=
=)

<§===) Generic Interface

Obr. 1. Architektiira riadiacej vrstvy
Fig. 1. Control layer architecture

an Application Programming
Interface (API). This will en-
able service providers, third
party application developers,
and potentially end users to
create and introduce applica-
tions based on their needs
quickly and seamlessly. This
will accelerate the introduction of new services by giving service
providers more control over the service introduction process and
allow for the reuse of existing application components.

Connectivity
Control

Thanks to the NGN Distributed Processing Environment
(DPE) that provides a middleware infrastructure for the distrib-
uted components of the service, control and transport layers to
communicate with each other, will uncouple the network intelli-
gence from physical network elements. In this way, network intel-
ligence can be distributed to the most suitable locations in the
network, even to the end terminal devices. Network intelligence
could reside in general purpose servers running the components

e

needed for a particular service, on servers that perform specific
functions (e.g., IN Service
Control Points - SCPs, In-
telligent Peripherals, etc.), or

SIP

boli blizsie ku koncovym pouZiva- SIP SIP, on edge devices close to the
tefom. Celd koncepcia je zaloZena H.323, SIP H.323 consumer. Functional capa-
na tom, aby funkcné vlastnosti siete :—li\lTATF"D g bilities must not longer to be
neboli viazané na fyzické siefové SS7-ISUP, - g coupled with the physical net-
prvky. Q.931 ‘ - N «— work elements.

etc. BICC

Sietové prvky: SCN MGCP, MGCP, Network Elements:

Na zéklade poziadaviek, kto- M‘Zﬁ%m/ M%%asc"/ Based on the require-
rym musi architektura riadiacej vrs- ) ments that have to be met by
tvy NGN vyhovovat, mozZeme teraz MG NGN control architecture,

4+———> | MG
- RTP we can now focus on the net-

definovat jej sietové prvky. V ramci
ETSI (European Telecommunica-
tions Standards Institute) bola pre

Obr. 2. NGN sietové prvky, rozhrania a protokoly
Fig. 2. NGN Network Elements, interfaces and protocols

work elements the architec-
ture is made up from. ETSI
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implementaciu brany (gateway) navrhnuta distribuovana architek-
tara, ktora sa sklada z troch komponentov: ,Media Gateway"
(MQG), ,Media Gateway Controller” (MGC) a ,Signalling Gate-
way“ (SG) [4].

Media Gateway

»Media Gateway“ robi konverziu informac¢ného toku a proto-
kolov z jedného typu siete na format pouzivany v inej sieti. VACSi-
nou ide o konverziu formatu, v ktorom je informacia prenasana
v sietach s prepojovanim okruhov do formatu, ktory pouziva pake-
tova siet. ,Media Gateway“ zabezpecCuje tiez vietky funkcie potrebné
pre spracovanie informacie, ako zabrana ozveny, transkédovanie,
resp. vysielanie rdoznych ténov ucastnikom. V pripade, Ze MG ukon-
Cuje signalizaciu pre riadenie spojenia z pristupovej siete, plni MG
zaroven funkciu ,Signalling Gateway“. MG teda mdZe na strane
SCN (Switched Circuit Network) ukoncovat signalizaciu typu
SS7 alebo Q.931.

~Media Gateway“ zabezpeCuje tiez funkcie suvisiace s klasi-
fikaciou informacnych tokov, napr. Prevadzkové a riadiace kon-
trakty.

Signalling Gateway

LJignalling Gateway“ (SG) zabezpecuje konverziu transport-
nych mechanizmov a formatu, v ktorom prichadza signalizacia, do
transportnych mechanizmov a formatu, v akom signalizacia odcha-
dza. Moze existovat ako samostatna fyzicka entita, alebo byt
umiestnena v ramci tej istej entity ako funkcia MG. V pripade, ze
signalizaciu z pristupovej siete ukoncuje MGC, je funkcia SG zby-
tocna. (pripad na obr. 2).

Media Gateway Controller (Softswitch, Call Agent, Call Server)

»Media Gateway Controller” poskytuje vsetky funkcie, potrebné
pre riadenie spojenia, ako napr. smerovanie spojenia - smerovacie
tabul'ky, prevody adries, vyhladavanie smerovacich informacii z ex-
ternych zariadeni, signalizaciu pre dané spojenie - vratane schop-
nosti SG, zostavenie spojenia ,trefou stranou®.

Poskytuje tieZ rozhranie (prostrednictvom §tandardného pro-
tokolu alebo otvoreného API (Application Programmable Inter-
face) smerom k aplikacnym serverom tak, aby bolo mozné riadenie
sluzby a roznych sposobov riadenia, alo riadenie AAA (Authenti-
cation, Authorization, Accounting), riadenie politiky QoS a pod.

Application Server

~Application Server (AS) je v podstate obdobou webovych
aplikacnych serverov, ktory riadi MGC. Aplikacné servery mozu
riadit aj iné riadiace jednotky sietovych prostriedkov NGN. Ich
uloha je veI'mi podobna funkcii SCF (Service Control Function)
v IN (Intelligent Network) s tym rozdielom, Ze ich funkcnost je
roz§irena o nové sietové scenare.

Aplikacné servery musia podporovat vyvoj novych sluzieb pro-
strednictvom API alebo skriptovacich jazykov, ako je CPL (Call
Processing Language), resp. VoiceXML (Extensible Merkup Lan-
guage). Musia tieZ poskytovat programovatelné rozhranie smerom
k poskytovatelom sluZieb ,tretej strany“. Aplikacné servery musia
poskytovat tiez podporu pre databazy, v ktorych sa ukladaju data
o ucastnikoch a sluzbach. Aplikac¢né servery by mali s MGC spo-
lupracovat prostrednictvom Standardnych protokolov alebo otvo-
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(European Telecommunications Standards Institute) has proposed
a distributed architecture for the Gateway implementation that is
based on three components: Media Gateway, Media Gateway
Controller and the Signalling Gateway [4].

Media Gateway

The Media Gateway converts media stream and framing pro-
tocols in one type of network to the format required in another
type of network. Obviously, it provides conversion between circuit-
switched resources and the packet network. The Media Gateway
also provides the functions necessary for media handling, like echo
cancellation, transcoding or tone sending. It should also provide
a Signalling Gateway function, when it terminates call signalling
from access networks. Thus, the Media Gateway may provide ter-
minations such as SS7 or Q.931 on the SCN (Switched Circuit
Network) side.

The Media Gateway provides media stream classification func-
tions, e.g., control of traffic contracts.

Signalling Gateway

The Signalling Gateway converts the transport mechanism
and formats of the incoming signalling to an appropriate ongoing
signalling transport mechanism and formats. It can exist as a sep-
arate physical entity, or reside within the same entity as the Media
Gateway function. In the case the Media Gateway Controller ter-
minates signalling from an access network, its function is useless
(the case in the Fig. 2).

Media Gateway Controller (Softswitch, Call Agent, Call Server)

The Media Gateway Controller provides the functions needed
for call control, like call routing - routing tables, address transla-
tions, retrieval of routing information from external devices, call
signalling process - including signalling gateway capability, third
party call setup, event subscription.

It provides also an interface (a standard protocol or open API)
towards Application Servers to enable service and policy control,
like AAA policies, personalized QoS policies, etc.

Application Server

Application server is seen as the evolution of Web-based Appli-
cation servers controlling Media Gateway Controllers. They can
also control other NGN Resource Controllers. Their role is similar
to the role of IN-Service Control Functions, extending their func-
tionality to cover new network scenarios.

They have to provide support for developing services by means
of APIs or scripting languages, like CPL or VoiceXML. They have
to provide programmable interfaces to third party service providers.
The Application servers have to provide database support to store
subscriber and service data.

They should interwork with Media Gateway Controllers via
standard protocols or open APIs. Examples of supported services
are call routing, accounting, support for AAA and QoS policies,
CUGs, etc.
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renych APIL. Medzi sluzby podporované aplikaCnymi servermi
patri napr. smerovanie spojenia na zaklade urcitych kritérii, oduc-
tovanie sluzby, podpora AAA a QoS alebo uzatvorenych ucast-
nickych skupin CUG (Closed User Group) atd.

Rozhrania a protokoly:

V nadvéznosti na sietové prvky definované v predchadzjiicom
odseku je teraz mozné definovat rozhrania a protokoly, prostred-
nictvom ktorych jednotlivé sietové prvky riadiacej vrstvy NGN
mozu komunikovat:

» Media Gateway - Media Gateway Controller: kandidatmi pre
toto rozhranie su protokoly MGCP a Megaco/H.248.

« Media Gateway Controller - Application Server: je moZnych
niekol'ko protokolov, napr. SIP (Session Initiation Protocol),
H.323, HTTP (Hypertext Transfer Protocol), INAP (Intelligent
Network Application Protocol), atd.

» Media Gateway Controller - Media Gateway Controller: pre
toto rozhranie je mozné pouzit protokol SIP-T, alebo BICC
(Bearer Independent Call Control).

« Application Server - Application Server: SIP, H.323, HTTP.

3. Charakteristiky a poziadavky na transportni
a spojovaciu vrstva

V dnesnych sietach pracuje velké mnozstvo siefovych tech-
nologii. Kazda technologia podporuje urcité siefové funkcie. Ak
su takéto technologie sucasne pouzité v jednej
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Interfaces and protocols:

Based on the Network elements defined in the previous section,
the interfaces and protocols for NGN control layer can be given:
+ Media Gateway - Media Gateway Controller: MGCP and Mega-

co/H.248 are the two main protocol at this interface.

« Media Gateway Controller - Application Server: more proto-
cols are possible, including SIP, H.323, HTTP, INAP, etc.

« Media Gateway Controller - Media Gateway Controller: SIP-T,
or BICC are the two possible protocols that might be used at
this interface

« Application Server - Application Server: SIP, H.323, HTTP

3. Characteristics and requirements of transport and
connectivity layers architecture

There are many different technologies in today’s networks.
Each kind of technology support some network functions, and if
these technologies support one network solution, some function-
alities may be doubled or even tripled. As an example we can take
IP - over - asynchronous transfer mode (ATM) - over - synchro-
nous digital hierarchy (SDH) - over - optical transport network
(OTN) structure. To avoid such as “over-layered” structure, it is
necessary to merge network function to the appropriate network
layers. Layer architecture, which is proposed in this paragraph, is
shown on hypothetic network at Fig. 3.

sieti, niektoré funkcie mozu byt zdvojené, alebo end user > @
dokonca strojené. Prikladom moze byt Struktira ——
IP - over - asynchronous transfer mode (ATM) 447 _____________%
- over - synchronous digital hierarchy (SDH) - [ ] mhigher \_
over - optical transport network (OTN). Aby sme higher layer service *
N . , , . layers
zabranili vzniku takychto ,prevrstvenych® struk- el Rk fragsit network
tur, je potrebné rozdelit siefové funkcie do prislus- — g <Y 4
nych sietovych vrstiev. Vrstvy siete, ktoré navrhu- conpéetivity | || % % 4 -
jeme definovat, st na obr. 3.
/ | II \\
L’Z7 /& 2 M &7

Control layer
Zakladnou ulohou transportnej vrstvy je

trapsport

transport network _access network

prenos signalu z jedného bodu do iného vzdiale-

ného bodu bez skreslenia. Tato uloha sa studuje

odkedy po prvykrat bol pouzity elektricky prud

na prenos informacie. DnesSny stav technologie umoznuje, Ze
Ziadna jednotliva aplikacia nedokaze vyuzit celu Sirku pasma pre-
nosového kanala. Preto poskytuje transportna vrstva aj funkciu
multiplexu, ktora rie§i problém sucasného prenosu viacerych sig-
nalov tym istym kanalom. Toto rieSenie je zname od doby
vynalezu multitonovej telegrafie ako modulacia. Pojem modulacie
mozZe byt zovSeobecneny na princip multiplexu. Vysvetlime si ho
na obr. 4. Predpokladajme, Ze mame podobné signaly z dvoch
zdrojov. Ak by tieto signaly boli prenasané sucasne tym istym
kanalom (komunikaénym prostredim), v kanali by sa zmieSali tak,
Ze by ich nebolo mozné od seba oddelit do vystupov kanalu. Aby
sme takémuto zmieSaniu signalov zabranili, budeme kazdy signal
pred jeho vyslanim modulovat, t. j. kazdému signalu vtlacime jedi-

Obr. 3. Horizontdlne vrstveny model siete
Fig. 3. Horizontally layered network model

Control layer

The basic task of the transport layer is to transmit signal from
one point to the distant point without distortion. This task is
studied since electrical current was used for information trans-
mission for the first time. Today we have situation, when no single
real application can use all the bandwidth of the channel. Then
the transport layer performs also the multiplexing function, i.e.
solves the problem how to transmit simultaneously many signals
over the same channel. Solution has been known as modulation
since first multi-tone telegraph systems. This principle may be
generalized to the multiplexing principle. We will follow Fig. 4 to
explain the idea. Let us suppose similar signals from two users.
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necnu vlastnost, ktorti nazveme navestim. Tieto navestia sa nesmu
prekryvat, teda musia umoznovat oddelenie signalov.

Realizacia navesti zavisi od stavu rozvoja technoldgie a my
dufame, ze dnes mnohé z nich su eSte nezname. Napriek tomu sa
pokusime o ich klasifikaciu. Signalom mozZe byt vtlacena fyzikalna
vlastnost alebo logicka §truktura. Casto pouzivanou fyzikalnou
vlastnostou je rozsah frekvencii obsiahnutych v signali, tak ako
ho pozname z klasickych modulaénych technik (AM, PhM, FM),
alebo z vinového multiplexu (WDM) v optickych systémoch. Ne-
skor vyvinuté systémy vtlacali signalom logicku Strukturu. Pouzi-
jeme terminoldgiu teorie kddovania a rozdelime tieto priznaky na
blokové a konvolucné. Pri blokovych priznakoch, samotny priznak
je viditeI'ny a signal sa da rozdelit na Cast priznakov a Cast, ktora
obsahuje prenasanu informaciu. Ak je pouzité konvolucné naves-
tie, potom na oddelenie navestia od signalu je potrebny nejaky
algoritmus. Priklady znamych navesti a ich klasifikacie ukazuje
tabulka 1.

Vsetky navestia mozu byt vzajomne kombinované a vytvorit
tak novy typ navestia. Oznaco-
vanie signalov navestiami je
prvym krokom v procese mul-

Priklady navesti multiplexu
Examples of multiplexing labels
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When these signals are transmitted to the same channel (commu-
nication environment), the signals are mismatched and there is no
way how to select one signal on the channel output. To avoid this
mismatching, each signal before sending to the channel is modu-
lated, i.e. each signal is stamped by unique property, which is
called label. These labels have to be no overlapped, which means
separability of the signals.

Labels depend on technology state of art, and we hope that
many of them are unknown today. Anyhow we try to classify them.
Signals may be stamped by physical property or by logical struc-
ture. Broadly used physical property is a spectral location of the
signal known from classical modulation techniques (AM, PhM, FM)
or wavelength division multiplexing (WDM) in optical systems.
More recent labels stamp a logical structure to the signal. Using
coding theory terminology we will distinguish block labels and
convolution labels. In block labels, the labels are visible and the
signal can be divided to the label part and carried information. If
convolution label is used, label is not visible and some algorithm is
needed to separate the label from the signal. Examples of known
labels are given in Table 1.

Tab. 1
Table 1

All kinds of labels can be
combined to the new type of label.

tipléxu 3’1 budeme' h'o v§eobecn<? Type of label System Label Signal lat.)ellir%g is the first step in
nazyvat modulaciou. Ak su the multiplexing process and we
signaly oznacené disjuktnymi FDM, WDM frequency will call it generally as a modula-
navestiami, potom mozu byt Physical TDM time location tion. If signals are labelled by no
zmieSané a vyslané do kanala. GSM frequency + time location | Overlapping labels, they may be
Na prijimacej strane by potom Combined SDH number + frequency mixed and sent to the channel.
mali byt signaly oddelitelné. On a receiving side, there should
Toto vydelovanie signalu bu- IPoWDM address + frequency be labelled signals separated. We
deme vo vieobecnosti nazyvat | Block IP address, label (MPLS) | will call this separation process
filtriciou a jej vysledkom je =) ATM VPI + VCI number generally filtering, and result of this
jeden signal, ktory dostaneme 3 Concolutional CDMA code process is one signal obtained from

zo zmesi signalov v kanali.
Tento signal je eSte stale oznaCeny navestim, takze v dalSom kroku
musime navestie zo signalu odstranit. Tento proces nazveme de-
modulaciou. Po nej by signal mal mat rovnaky tvar ako originalny
signal. Proces pozostavajuci z modulacie a zmieSavania modulo-
vanych signalov nazveme multiplexom, proces pozostavajuci z fil-
tracie a demodulacie nazveme demultiplexom. Tento princip mul-
tiplexu a demultiplexu je znadzorneny na obr. 5.

Zvlastny druh navestia do-
staneme, ak je signal vysielany
len cez urCitu Cast priestoru.
Mozeme to dosiahnuf vedenia-
mi resp. vlaknami, alebo sme-
rovanymi radiovymi spojmi.
V tomto pripade filtre nie su
potrebné a uvedena schéma je
podstatne jednoduchsia.

Z uvedeného vyplyva, zZe
transportna vrstva by mala
prenasat signaly od viacerych
zdrojov k viacerym prijimacom
bez skreslenia cez spolocné

Label 2

Obr. 4. Princip multiplexu a demultiplexu
Fig. 4. Multiplexing and demultiplexing principle

Basic Transmission Chain

the signal mixture in the channel.
The signal is still labelled, then the next step is removing label out
of signal. We will call it demodulation (delabelling). After demodu-
lation the signal should have the same waveform as the original
one. The process consisting of modulation and mixing is called
a multiplexing, process consisting of filtering and demodulation
is called demultiplexing. These multiplexing and demultiplexing
principle are shown at Fig. 5.

Special kind of labelling is
obtained, if the signal is transmit-
ted only through a separated part
of space. It can be achieved by
wires and fibres, or by relay radio
links. In this case filters are
missing and the scheme is much
simpler.

Label 1

Summarizing the above written
the transport layer should trans-
mit signals from many sources to
many destinations without distor-
tion over common communication

Dextination 2
Label 2
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komunikaéné prostredie. Ako vidime, ¢as pritom nehra Ziadnu
ulohu a predpokladame, ze systém plni tlohu priebezne, t. j. zdro-
je generuju signaly neustale do tych istych prijimacov. Zaverom sa
pokusme o definiciu transportnej vrstvy.

Definicia: Transportna vrstva je ¢ast komunikacného systému,
v ktorej sa priradenie priznakov vstupom v ¢ase nemeni.

Nie je nasou snahou v tomto ¢lanku dat uplnu mnozinu defi-
nicii, preto definiciu komunikacného systému neuvadzame a necha-
vame ju na intuitivnu predstavu. Definicia hovori, Ze na kazdom
vstupe predpokladame stale toky informacie a jedinou ulohou
transportnej vrstvy je preniest individualne toky zo vstupov cez
spolo¢ny kanal na odpovedajuce vystupy bez skreslenia. Obvykle
su vystupy od vstupov vzdialené a uvedena definicia explicitne pri-
raduje transportnej vrstve funkciu spolahlivého a bezchybného
prenosu. Aké vlastnosti sposobuje pevné priradenie navesti v trans-
portnej vrstve? Musime rozli§it dva pripady:

« ak vel'kost vstupného toku je velmi nerovnomerna, potom kapa-
cita transportnej vrstvy nie je plne vyuzita, pretoZe volnu kapa-
citu nie je mozné priradit inému zdroju bez zmeny navestia.
Preto je prirodzené ocakavat, kapacita transportnej vrstvy v pri-
stupovych sietach bude vyuzita vel'mi zle.

« Ina situacia je v chrbticovych sietach. Zakon Statistickej stalosti
umoziuje pevné priradenie navesti jednotlivym vstupom a tak
bude hraf transportna vrstva ovela dolezitejsiu ulohu.

Ako sme teda uviedli, ak by sa nepozila Ziadna ina sietova
funkcia, vyuzitie transportnej vrstvy v pristupovych a okrajovych
sietach by bolo vel'mi zIé. Aby sme tomu zabranili, vytvara sa spo-
jovacia vrstva, ktorej hlavnou ulohou je riadit pristup nahodne
vznikajucich poZiadaviek na jednotlivé vstupy transportnej vrstvy.
Rozdel'me spojovaciu vrstvu na dve podvrstvy: prepojovaciu a sig-
naliza¢nu (vrstvou manazZzmentu sa v tejto Casti nebudeme zaobe-
rat). Najskor zaCneme vysvetlenim funkcie prepojovacej podvrstvy.
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environment. As you can see time plays no role and we assume
that this functionality is fulfilled continuously, i.e. sources produce
continuously signals to the same destinations. Concluding this part
the definition of the transport layer is given:

Definition: The transport layer is a part of a communication
system in which label mapping to the inputs is fixed.

The aim of the paper is not to give a closed set of definitions,
and then a definition of communication system is omitted and left
for intuitive understanding. The definition says, that fixed flows in
each input are assumed, and the only role of the transport layer is
to deliver individual signals from sources to destinations over the
common channel. Usually sources are far from destinations and
this definition implicitly assigns functionality of reliable and dis-
tortion (error) free transmission to the transport layer.

‘What means assumption of a fixed label mapping in the trans-
port layer? We should distinguish two cases. If the input flow is far
from the constant shape, the capacity of the transport layer is not
fully utilised, because it is impossible to assign free capacity to
another source without label change. Then it is natural expecting
the transport layer in access networks to be utilised very poorly.
Another situation can be found in core networks. Due to the law
of statistical stability, fixed label mapping to the inputs may be
really implemented and the transport layer will play much more
important role.

As we have mentioned above, exploitation of the transport
layer in access and edge networks is very poor if no other com-
munication functionality is used. To avoid this, the connectivity
layer is introduced and its main role is to manage random requests
for transmission in individual inputs. Let us divide the connectiv-
ity layer to switching and signalling sublayers (management sub-
layer is omitted in this chapter). Let us explain the function of the
switching sublayer first.

Predpokladajme konfiguraciu Input

Let us suppose the con-

Output ]

Label

podla obr. 5. Do prepojovacej vrstvy

figuration as shown in Fig. 5.

(prepojovaci uzol) st pripojené dve
vstupné transportné vrstvy (linky
IL1 a IL2) a dve vystupné trans-
portné vrstvy (linky OL1 a OL2).
Vsetky transportné vrstvy pouZivaju
rovnaké 3 priznaky, teda cela konfi-

guricia pouZiva len tieto 3 priznaky. IL1
Ulohou prepojovacej vrstvy je pre- = B
niest signal zo vstupnej linky na

spravnu vystupnu linku. Aby sa za-

branilo zmieSaniu signalov, je nutné 2

navestia signalov zmenit. Preto sa
prenos signalov riadi prepojovacou
tabulkou, v ktorej je kazdej kombi-
nacii navestia a vstupnej linky pri-
radena kombinacia navestia a vy-
stupnej linky. Signal pri vstupe do
prepojovacej vrstvy je oznaceny pred vstupom do vyrovnavacej
pamite podla mena linky (napr. v naSom obrazku biela alebo

Obr. 5. Princip prepojovania
Fig. 5. Switching principle

Two incoming transport sub-
layers (links IL1, IL2) and
two outcoming transport sub-
layers (links OL1, OL2) are
connected to the switching
layer (switching node). Each
transport layer uses the same
labels, i.e. the whole configu-
ration uses only 3 Ilabels.
A task of the switching level
is to take signal from the
input link and forward it to
the proper output link. To
avoid mismatching of signals
in the output link, it is neces-
sary to change their labels.
Therefore, signals forwarding
is controlled by a switching table, in which a unique combination
of the output link and label is assigned for each combination of
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Cierna). V dalSom kroku je signal na vystupe vyrovnavacej pamate
identifikovany podla mena linky a navestia signalu a postupi do
centralnej prepojovacej matice, ktora podla toho precita z prepo-
jovacej tabulky meno vystupnej linky a nové navestie signalu.
Podla mena vystupnej linky je signal poslany do prislusnej vyrov-
navacej pamate vystupnej linky, z ktorej sa vysiela signal s novym
navestim do vystupnej linky (transportnej vrstvy). Na rozdiel od
transportnej vrstvy, kde je priradenie vstupov k vystupom pevné,
v prepojovacej vrstve je priradenie vystupov k vstupom dané pre-
pojovacou tabul'kou, ktora nie je pevna a moZe sa menit. Tato vlast-
nost sa vyuzije vtedy, ked jeden prenos signalu je ukonéeny a pride
poziadavka na prenos iného signalu. Vidime, Ze prepojovacia vrstva
vytvara stavovy automat, v ktorom prenos signalu zavisi od stavu
prepojovacej tabul'ky. To umoznuje vel'ku redukciu objemu prenasa-
nej riadiacej informacie a umoznuje vysoku efektivnost vyuzivania
navesti.

Ako sme spomenuli, v pripade, ze sa prenos jedného signalu
ukon¢i alebo pride poziadavka na prenos nového signalu, prepo-
jovacia tabul'ka vyzaduje obnovu stavu. Jedinou moznostou, ako
obnovu prepojovacej tabul'ky urobit, je preniest tito informaciu do
tabul’ky. Ako vidime, obnova prepojovacej tabul’ky vytvara potrebu
prenosu nového signalu, ktory opat musi byt prenasany cez prepo-
jovaciu a transportnu vrstvu komunikacne;j siete. Tym sa problém
prepojovania zacina cyklit, pretoZze dorucenie obnovovacej infor-
macie do prepojovacej tabul'ky vyZaduje novi prepojovaciu tabul'ku,
ta vyzaduje svoje obnovovanie atd. Preto spojovacia vrstva vyza-
duje novi podvrstvu, ktoru nazyvame signalizacnou. Jej hlavnou
ulohou je obnova prepojovacich tabuliek. Aby sa zabranilo cykle-
niu obnovy prepojovacich tabuliek, ktoré sme vysSie spomenuli, sig-
nalizacna podvrstva musi pouzivat na prepojovanie signalov pevné
prepojovacie tabulky. To znamena, Ze navestie je jedineCné pre
kazdy cielovy uzol, alebo inymi slovami - oznacenie cielového uzla
je samotnym navestim. Tento spdsob prepojovania signalov sa na-
zyva smerovanie. Teda signalizacna podvrstva vyZaduje smerovanie,
alebo ak by sme boli trochu provokujuci, internet s protokolom
IPv4 nie je ni¢ iné ako signalizaén4 siet. DalSie funkcie signalizaé-
nej podvrstvy spomenieme neskor, teraz sa pokusme o definiciu.

Definicia: Spojovacia vrstva je Cast komunikacného systému,
v ktorej sa priradenie vstupov k jednotlivym vystupom moze v Case
menit. Prepojovanie je funkcia spojovacej vrstvy, ktora premiest-
nuje signal zo vstupu na vystup a meni jeho navestie podla prepo-
jovacej tabulky. Smerovanie je funkcia spojovacej vrstvy, ktora
premiestiuje signal zo vstupu na vystup podla smerovacej tabul'ky
bez zmeny navestia signalu.

Vseobecne plati, ze navestia pozivané spojovacou vrstvou mozu
byt rovnakého druhu ako navestia v transportnej vrstve, viete si v§ak
predstavif, aké by bolo nehospodarne pouzitie fyzikalnych navesti
pre smerovanie, aby sme zabranili zmieSaniu signalov smerovanych
k tom u istému cielu v jednej linke. Preto sa pre smerovanie pouzi-
vaju len logické priznaky. Podla nasho nazoru je smerovanie vhodné
pre siete s mensim objemom dat alebo s vysokym pomerom mnoz-
stva prenasanej informacie k mnozstvu informacie v navestiach.
Tak je to napriklad v signalizacnej podvrstve, kde sa udaje generuju
prevazne na zaciatkoch a koncoch spojeni. Najmé hlasovy signal
v telefonii vSak vyzaduje prenos malych kuskov informacie, aby
nedoslo k zhorseniu kvality kvoli vysokému oneskoreniu. V tomto
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the input link and label. When the signal enters the switching layer,
it is stamped in an input queue by a link name (black or white in
our example). In the next step, a signal identified by the link name
and the label enters a central switching matrix, which reads out
from the switching table the output link name and the new label.
Using this output link name, the signal is forwarded to the proper
output link buffer, from which the signal with its label is sent to
the output link (transport layer). In the contrast to the transport
layer, where the input - output mapping is fixed, the input - output
mapping in the switching layer is given by the switching table, which
is not fixed and may be changed. This property is used, when trans-
mission of some signals is finished and a new demand for signal
transmission occurs. We can see that the switching layer is a state
automaton, where forwarding depends on a switching table state.
This allows high reduction of management information transmis-
sion and it provides high efficiency in label economy.

As it was mentioned, switching table needs updating when
transmission of some signals is finished or there is a new demand
for signal transmission. The only way how to update the switching
table is to deliver this information to the table. As we can see,
a switching table updating generates a new signal, which has to be
transmitted over the transport and connectivity layers. Here, the
switching process starts looping because to deliver the informa-
tion to the switching table new switching tables are needed, etc.
This is why the connectivity layer needs a new sublayer, which is
called the signalling sublayer. Switching tables updating is the main
task for this sublayer. To avoid the switching tables looping men-
tioned above, a signalling sublayer has to use signal forwarding
with fixed switching tables. It means that the label has to be unique
for each destination, or, in other words, the destination name is
the label itself. This kind of signal delivering is known as routing.
That means that a signalling sublayer needs routing, or to be
provocative - the Internet with IPv4 is a signalling network. Other
function of the signalling sublayer will be given later, now a defin-
ition of the connectivity layer follows.

Definition: The connectivity layer is a part of a communication
system in which label mapping to the inputs is not fixed. Switch-
ing is a function of the connectivity layer which forwards signals
from the inputs to the outputs and changes the signal label accord-
ing a switching table. Routing is a function of the connectivity layer
which forwards signals from the inputs to outputs according
a routing table without change of signal labels.

Generally speaking the labels for the connectivity layer may
be the same as for the transport layer, anyhow you can imagine,
that using physical labels for routing will be extremely wasteful
because it is necessary to avoid a mixture of different flows routed
to the same destination over the same link. For this reason recent
routing mechanisms use only logical block labels. In our opinion
routing is really suitable to be used only in networks with small
data volume, like in the signalling sublayer, where data are mainly
generated by beginning and end events in the user data transmis-
sion. Especially voice signals in telephony service need to transmit
small pieces of signals to avoid quality degradation due to high
latency. In this case, mass telephony over any network is possible
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pripade hromadna telefonia (po lubovolnej sieti) je mozna len
vtedy, ak sa dosiahne vysoka hospodarnost v pouZzivani priznakov,
t. j. ak pre spojovanie hlasu bude pouZita prepojovacia podvrstva
a smerovanie bude vyuZzité len pre signalizaciu. To znamena, Ze data
s niZz§im objemom v porovnani s riadiacou informaciou a pozadu-
juce prenos v redlnom Case by mali pouzivat spojovo orientované
sluzby prenosu. Na druhej strane sluzby typu ,always on“ by mali
mat vysoky pomer prenasanej informacie v porovnani s informa-
ciou v navesti. Potom mo6zu byt tieto sluzby nespojovo orientované
a mozu pouzivat signalizacnul podvrstvu aj na prenos informacie
aplikacie.

Napriek tomu, Ze sme definovali transportnu, spojovaciu vrstvu
¢i prepojovaciu, signalizacnu podvrstvu, nebudeme tu Spekulovat
o tom, €o je prenosovy alebo spojovaci (prepojovaci, smerovaci)
systém. Je pravdou, Ze kazdy z tychto systémov viac-menej obsahuje
obidve funkcie - prenos aj spojovanie. Napriklad sucasné optické
spojovacie systémy s mikro elektromechanickymi prvkami su viac
prenosovymi ako spojovacimi systémami. Dokonca optické systémy
s crossconect prvkami pouZivajucimi OEO prepojovanie patria
medzi prenosové systémy, hoci samotné crossconect prvky patria
do spojovace;j vrstvy. Preto pre hrubé rozliSenie prenosovych a spo-
jovacich (prepojovacich/smerovacich) moze byt pouzité casové
hladisko. Ak priradenie navestia jednotlivému signalovému prvku
sa meni pre kazdy signalovy prvok alebo spojenie, potom budeme
systém nazyvat spojovacim (prepojovacom/smerovacom). Ak je toto
priradenie nemenné po dlhsiu dobu (medzi dvoma zasahmi manaz-
mentu siete), potom nazveme systém prenosovym. Toto hrubé
delenie moZe byt uzitoéné na to, aby sme sa vyhli znasoboveniu
zakladnych komunikac¢nych funkcii. Bez ohladu na hierarchiu, je
zaujimavé poznamenat, Ze napriklad z uvedeného pohladu je MPLS
prenosovym systémom. Nechdvame na Citatelov aby zvaZili o su
prevazujuce zakladné komunikaéné funkcie systémov LAN, MAN,
ATM, MPLS, MPS, RSVP, SDH, WDM atd. v roznych tlohach,
kofiguraciach alebo topologiach.
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only if high label economy will be achieved, i.e. only if the voice
connectivity will pass over the transport and switching layers, and
the routing layer will be kept for signalling only. It means that real
time application with higher application data volume comparing
to signalling data volume should be connection oriented. On the
other hand “always on” services should have a high ratio of appli-
cation data comparing to the label data. Then the service may be
connection less and may use the signalling sublayer for applica-
tion data delivering.

Despite defining transport/connectivity layers or switching/sig-
nalling sublayers, we are not going to speculate what is a transport
system or connection (switching, routing) system. It is true that
each of these systems contains more or less both - the transport
and connectivity layer. Recent optical switches with micro electro-
mechanical systems are more transmission systems than switch-
ing systems. Even optical systems with crossconnects using OEO
switching belong to transmission systems even when the cross-
connect itself belongs to the switching layer. A thumb rule for dis-
tinguishing between transport and connection (switching/routing)
systems may be a time scale. If the individual signal unit label
mapping to the inputs may be different for each signal unit or
session, then we will call the system a switch or router. If this mapp-
ing is constant for a longer period (between two network manage-
ment actions), we will call the system a transport system. Also this
thumb rule may be useful to avoid multiplying of a basic commu-
nication function. Without questioning of a hierarchy role, it is
interesting to realize that, for example, MPLS is from our perspec-
tive a transport system. It is left to readers to debate what is the
basic functionality of LAN, MAN, ATM, MPLS, MPS, RSVP, SDH,
WDM, etc. in different roles, configuration or topologies.
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OPTIMALIZACIA FINANCNEHO RIZIKA POMOCOU

HEDGINGOVYCH NASTROJOV

OPTIMISATION OF FINANCIAL RISK WITH THE AID OF HEDGING TOOLS

Prispevok sa zaoberd jednou z moznosti optimalizdcie financného
rizika pomocou hedgingovych ndstrojov. Menové riziko predstavuje
v sii¢asnych podmienkach velkej volatility slovenskej koruny pre firmy
obchodujiice v eurodoldrovych krajindch nezanedbatelné nebezpecie
strdt z financnych operdcii. Pouzivanie i jednoduchych hedgingovych
ndstrojov umoZzniuje riziko kurzovych strdat eliminovat.

1. Uvod

Definovat jednoznaéne riziko je velmi problematické. Pred-
stavuje urcity stupen neistoty s oCakavanym vysledkom. Rizikom
rozumieme akékolvek odchylenie skuto¢ného stavu od ocakava-
ného, smerom dolu i nahor.

Finanéné riziko je vSeobecne definované ako potencialna finan-
¢na strata subjektu, tzn. strata v budicnosti vyplyvajica z daného
finanéného nastroja alebo portfolia.

Optimalizacia finanéného rizika patri medzi zasadné problémy
financného manazmentu na predchadzanie krizovym situaciam
pri riadeni aktiv a pasiv v pripadoch kolisania menového kurzu,
urokovych mier, cien komodit, kurzov cennych papierov a pod.

2. Financ¢né rizika

Financné rizika je mozné rozdelit roznymi sposobmi a podla
roznych kritérii. Obr. 1 znazornuje prehlad finanénych rizik podla
Josefa Jilka [3].

Clanok je zamerany najmi na riesenie menového rizika, ktoré
je sucastou trhového rizika. Trhové riziko je rizikom straty zo zmien
trhovych cien v dosledku nepriaznivého vyvoja trokovych mier
(urokové riziko), menového kurzu (menové riziko), cien cennych
papierov a komodit. Menove riziko je vysledkom velkej volatility
vymennych kurzov tak z kratkodobého, ako i z dlhodobého hla-
diska. Situacia na slovenskom finanénom trhu v obdobi februar
2002 - jun 2002 nebezpecie menového rizika plne potvrdzuje.

Hedging znamena minimalizaciu finan¢ného rizika plynicu
zo zmien cien komodit, menovych kurzov, urokovych mier a pod.
Hlavnym cielom hedgingu je optimalizacia finan¢ného rizika za

* doc. Ing. Jaroslav Slepecky, PhD.

The paper deals with one of the possibilities of optimising the
financial risk with the aid of hedging tools. The current risk does not
represent a negligible danger of losses from financial operations for
the companies making business in Eurodollars in the present condi-
tions of big volatility of the Slovak crowns. The use of simple hedging
tools allows eliminating of the risk of currency losses.

1. Introduction

It is very problematic to define the risk unambiguously. It rep-
resents a certain degree of uncertainty with an expected result. We
understand the risk to be any deviation of the real status from the
expected one both downwards and upwards.

The financial risk is generally defined as a potential financial
loss of the subject, that is a loss in the future resulting from the
given financial instrument or portfolio.

Optimisation of a financial risk to among fundamental prob-
lems of the financial management to prevent crisis situations at
management of assets and liabilities in cases of fluctuation of the
exchange rate, interest rates, commodity prices, security rates and
the like.

2. Financial Risks

Financial risks may be divided in different ways and accord-
ing to different criteria. Fig. 1 shows a survey of financial risks by
Josef Jilek [3].

The paper deals in particular with the solution of the currency
risk, which is a part of the market risk. The market risk is a risk of
loss from the market price changes as a consequence of unfavour-
able development of interest rate (interest risk), exchange rate
(currency risk), security and commodity prices. The currency risk
is a result of big volatility of the rates of exchange from the short-
term as well as from the long-term point of view. The situation on
the Slovak financial market in the period from February 2002 to
June 2002 fully proves the danger of the currency risk.

Hedging means minimisation of the financial risk resulting from
the changes of commodity prices, exchange rates, interest rates
and the like. The main objective of hedging is optimisation of the

Faculty of Special Engineerig, University of Zilina, 1. maja 32, SK-01026 Zilina, Slovak Republic
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ucelom stabilizacie buduceho
cash flow. Zisk je v tomto
pripade irelevantny. Zakladnym

Financial risks

principom hedgingu je elimina-

credit ‘market liquidity operational trade
cia finan¢ného rizika pomocou risk gk risk e L5
nastrojov, ktoré ponuka finan- | | | |
< direct interest ik of :
cny trh. ciedit e risk 0 transaction
Sk financing risk
T I I risk of change
risk of risk of risk of of rating
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risk currency systems
Pouzivanie financnych ter- I Sk
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. O . ’ risk currenc:
nych derivatov) pri obchodnych y et
transakciach réznych druhov risk of -
credit risk of
preziva v poslednych 25 rokoch spread disaster

burlivy rozvoj. Terminované
burzy sa stali jednymi z naj-
vacsich trhov na svete a pretrva-
va medzi nimi silna konkuren-
cia. V Slovenskej republike sa

Obr. 1. Financné rizikda
Fig. 1. Financial risks

pouZzivanie derivatov rozvija len velmi nesmelo na mimoburzovom

trhu.

Derivaty st nastroje odvodené (zavislé) od trhovej hodnoty

Derivatives

T

podkladového aktiva, napr.
cenného papiera, komodi-
ty, meny, indexu a pod.

regulation
risk
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financial risk for the purpose of sta-
bilisation of the future cash flow. In
this case risk is irrelevant. The main
principle of hedging is elimination
of the financial risk with the aid of
instruments offered by the financial
market.

3. Financial Futures Contracts

The use of financial futures con-
tracts (financial derivatives) in busi-
ness transactions of different kinds
has lived a rapid development in the
recent 25 years. The futures exchanges
have become ones of the biggest mar-
kets in the world and there is a strong
competition kept among them. In the
Slovak Republic the use of the deriv-
atives develops only very diffidently
out of the stock market.

The derivatives are instruments derived (dependent) from the

P

market value of the underlying asset of, e.g. security, commodity,

currency, index and the like.
A simplified classification of
the derivatives is shown in the
Figure 2.

Zjednodusené rozdelenie
derivatov ukazuje obr. 2. [

fixed futures contracts

[ option futures contracts ]

The futures contracts are

1
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| |
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the deal from its realisation and
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world trade. Forwards and op-
tions are the most used in our
country as a defence against
exchange rate losses.
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either of the partners, which is
a relatively rare case in prac-
tice. In the Slovak Republic the
currency forwards are the most

merne zriedkavy pripad.
V Slovenskej republike
su najroz§irenejs$im typom
menové forwardy. Kupou

Obr. 3. Vyvoj kurzu SKK / EUR v prvom polroku 2002
Fig. 3. Development of SKK / EUR rate of exchange
in the first half of the year 2002.

common types. Purchasing
a forward, the company may
ensure foreign currency for
a beforehand agreed price and
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forwardu si firma moze zabezpecit zahrani¢nii menu za vopred
dohodnutt cenu a tym sa ochrani voci budicim nepriaznivym
zmenam kurzu koruny. Aktualnost pouZivania terminovanych kon-
traktov je zrejma pri pohlade na vyvoj vzajomného kurzu koruny
a eura v prvom polroku 2002 (obr. 3).

Banky kotuju forwardové kurzy nakupu a predaja slovenskej
koruny na 1 den, 1, 2, 3 a 6 mesiacov. Vypocet forwardového
kurzu je pomerne jednoduchy:

n
1+r ==
320
Wye=8—————, (1)
1+r ——
320

kde FWy -forwardovy vymenny kurz,
S - spotovy vymenny kurz,

rl  -urokova sadzba jednej meny za » dni,
r2  -urokova sadzba druhej meny za n dni,
n - pocet dni.

To znamena, ze forwardovy kurz zavisi na spotovom vymen-
nom kurze, Case kontraktu a bezrizikovych urokovych sadzbach
obidvoch mien.

Potrebu pouZzivania terminovanych kontraktov v praxi je mozné
dokazat v konkrétnych trhovych podmienkach Slovenska v prvej
polovici roku 2002.

Firma XY objedna zaciatkom aprila 2002 u nemeckého obchod-
ného partnera dodavku technologického zariadenia v hodnote 1,5
mil. EUR s terminom zaplatenia 13. 6. 2002. Pre zjednodusenie
bud za relevantné uvazované kurzy vyhlasované centralnou bankou
a zanedbané poplatky.

Forwardovy kurz 11. 4. 2002 kotovany na 2 mesiace vypoCi-
tany podla vztahu 1 je 41,72 SKK. To znamena, Ze firma XY si
mohla 11. 4. 2002 zabezpecit kipu potrebného mnozstva EUR za
forwardovy kurz 41,72 SKK s dodavkou za dva mesiace.

Dna 11. 6. 2002 bol vymenny kurz podla centralnej banky
44,639 SKK/EUR (obr. 3). V pripade, Ze by firma XY neuzavrela
forwardovy kontrakt a nakupila 1,5 mil. EUR na spotovom trhu,
zaplatila by o 4,38 mil.SK viac, a to je iste na zamyslenie.

Menové opcie sa zacali vo svete obchodovat ako standardizo-
vané kontrakty v roku 1982 a su i v ponuke slovenskych bank,
i ked ich vyuzivanie zo strany podnikatelskych subjektov je mini-
malna.

Oproti forwardu je opcia prdvo kipit alebo predat dohodnuté
mnoZstvo napr. meny za vopred stanovenu cenu a v presne uréenom
termine. To znamena, Ze pripadné riziko straty je obmedzené
vyskou zaplatenej prémie (cena opcie), ktora je otazkou dohody
a na jej vypocet sa pouziva Garman-Kohlhagenov model.

Opcie patria medzi zloZitejsie hedgingové nastroje a ich budc-
nost slovensky finan¢ny trh este len ¢aka.

PREHLADY / REVIEWS

thereby protect itself against future unfavourable changes of the
Slovak crown exchange rate. The relevance of the use of futures
contracts is obvious regarding the development of the mutual
exchange rate of Slovak crown and Euro in the first half of the
year 2002 (Fig. 3)

The banks quote the forward exchange rates of purchase and
sale of the Slovak crown per 1 day, 1, 2, 3 and 6 months. The cal-
culation of the forward exchange rate is relatively simple:

n
1+r =
320
FWg=8———, (1)
1+r:——
320

where FWy -forward exchange rate,

S - spot exchange rate,

r - interest rate of one currency in n days,

r - interest rate of the other currency in n days,
n - number of days

It means that the forward exchange rate depends on the spot
exchange rate, time of contract and risk-free exchange rates of both
of the currencies.

The necessity of using the forward contracts in practice may
be proven in concrete market conditions in Slovakia in the first
half of the year 2002.

At the beginning of April 2002 company XY orders with its
German business partner a supply of technological equipment in
a value of 1.5 mil. EUR with the term of payment on 13™ June
2002. For simplification, the rates of exchange declared by the
central bank shall be considered relevant without taking into
account the charges.

The forward exchange rate on 11th April 2002, quoted for
2 months, calculated according to the relation 2.1 is 41.72 SKK.
It means that the company XY could ensure a purchase of the
required quantity of EUR on 11th April 2002 for a forward exchange
rate of 41.72 SKK with a delivery in two months.

On 11" June 2002 the rate of exchange according to the
central bank was 44.639 SKK/EUR (Figure 3). Provided that the
company XY had not concluded a forward contract and had pur-
chased 1.5 mil. EUR in the spot market, it would have paid more
by Skk 4.38 mil. and that is certainly worth consideration.

The currency options began to be traded in the world as stan-
dardised contracts in 1982 and are included in the offer of the
Slovak banks even though their use from part of the entrepre-
neurial subjects is negligible.

Contrary to forward, the option is a right to purchase or sell
the agreed quantity, e.g. of a currency, at a beforehand stipulated
price and in an exactly determined time. It means that an eventual
risk of loss is limited by the amount of the option money paid
(price of option), which is a question of agreement and for a cal-
culation of which the Garman-Kohlhagen model is used.

The options belong among more complicated hedging instru-
ments and the Slovak market just expects them in the future.
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4. Zaver

Konanie firiem zavisi od skusenosti v minulom obdobi. Pokial
nemali problémy, alebo straty boli minimalne, finanéni manazéri
i z dévodu nizkej motivacie nevyuzivaji derivatové operacie. Firmy,
ktoré nespravne odhadli situaciu na finanénom trhu, zacinaju
zvazovat aspon pouZzivanie forwardov. Medzi takéto spolo¢nosti
patria napr. aj Zeleziarne Podbrezova, a. s., ktora pred dvoma
rokmi utrpela vysoké kurzové straty. Na druhej strane firmy ako
Slovakofarma, a. s., Slovalco, a. s., Slovnaft, a. s. standardne vhodné
terminované kontrakty pouzivaju. Percento firiem, ktorych sa
menové riziko tyka a vyuZiva derivaty, je na Slovensku v porov-
nani so susednymi krajinami nizke a pohybuje sa okolo 5 az 10 %.
Firmy nie st nutené zatial pouzivat moderné financné nastroje.
Vsetky kurzové straty premietaji do nakladov a cien vyrobkov.
Zmena konkuren¢ného prostredia po vstupe Slovenska do Eurdp-
skej unie tuto situaciu pravdepodobne rychlo zmeni.
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4. Conclusion

The behaviour of companies depends on their experience in
the past period. If they have not had any problems or their losses
have been minimal, the financial managers do not use derivative
operations also due to their low motivation. The companies that
have assessed the situation in the financial market incorrectly
begin to consider at least the use of forwards. Zeleziarne Podbre-
zova, a.s., which suffered high exchange rate losses two years ago,
belongs among such companies. On the other hand, such compa-
nies as Slovakofarma, a.s., Slovalco, a.s., Slovnaft, a.s. use suitable
futures contracts on a standard basis. The percentage of compa-
nies that the exchange rate risk refers to and which use the deriv-
atives is low in Slovakia in comparison with the neighbouring
countries and moves around 5 to 10 %. For the time being the
companies are not forced to use modern financial instruments.
They reflect all their exchange rate losses into their expenses and
the product prices. The change of the competitive environment
after Slovakia entering the European Union will probably change
this situation rapidly.
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UNAVA MATERIALU - RIZIKQW FAKTOR PRI NAVRHOVANI
A EXPLOATACIH TECHNICKYCH SYSTEMOV

FATIGUE OF MATERIAL - A RISK FACTOR OF DESIGN AND EXPLOITATION

OF TECHNICAL SYSTEMS

Unava materidlu casti rozlicnych technickych systémov patri k naj-
CastejSim pricindm vzniku medznych stavov a z nich vyplyvajiicich pre-
vddzkovych havarii. Clanok obsahuje vSeobecnii formuldciu problému
posudzovania spolahlivosti technickych systémov, strucnu charakte-
ristiku zdakladnych oblasti vstupujiicich do vypoctového odhadu iina-
vovej Zivotnosti technickych systémov a rozbor rizikovych poloZiek pri
Jjeho praktickej aplikdcii.

1. Uvod

Hodnoteniu unavovej Zivotnosti konstrukénych ¢asti rozlinych
technickych systémov sa venuje mimoriadna pozornost na celom
svete, pretoZe havarie zapriCinené unavovym poruSenim maju
nezriedka charakter katastrofy. Dominantnou snahou pritom je pri-
blizenie podmienok vypoctu resp. experimentu skutocnym prevadz-
kovym podmienkam, v ktorych je skimany systém exploatovany,
pri¢om cielom je redukcia neznalosti posobiacich faktorov okolia
a najma ich interakcii s procesmi prebiehajucimi v samotnom sys-
téme.

Moderny vypocet rozlicnych technickych systémov (najma vel-
korozmernych strojnych a stavebnych konstrukcii) preto z hladiska
mozZnosti vzniku roznych prevadzkovych havarii vyzaduje, aby v ¢o
najviacsej miere reSpektoval dynamicku a najmi nahodnu povahu
vsetkych posobiacich prevadzkovych faktorov a z nich vyplyvaji-
cich prevadzkovych zatazeni.

2. Vseobecna formulacia posudzovania
spolahlivosti technickych systémov

V sucasnosti prezentovana teoria a metody hodnotenia spolah-
livosti a jej Ciastkovych charakteristik vychadza v zasade z dvoch
hlavnych pristupov, z ktorych sa odvodzuju dalsie teoretické vycho-
diska a praktické metodiky, zamerané na urcitu skupinu systémov
[1].

Prvy pristup je zaloZeny na idealizacii, pevnych modelovych
predstavach a vyuziti tradiénych vypoctov charakteristik spolahli-
vosti. V tomto pripade hovorime o tzv. apriornej (vlozenej) spola-
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Material fatigue of parts of different technical systems belongs to
the most frequent causes of boundary states rise and relating opera-
tion breakdowns. The paper contains general formulation of reliabil-
ity of technical systems judging, brief characteristic of basic areas to
be taken in account as input into a calculated estimation of technical
systems fatigue life and analysis of risk items by its practical applica-
tion.

1. Introduction

Extraordinary attention is dedicated to the evaluation of fatigue
life of construction parts of different technical systems all over the
world because breakdowns caused by fatigue failure have often
a character of catastrophe. It should be a dominant effort to bring
conditions of calculation or experiment near to the working con-
ditions in which the investigated system is exploited. The aim is to
reduce unfamiliarity of acting factors of the surroundings and
their interactions with processes in the system itself.

A modern way of calculation of any technical systems (e.g.
large mechanical or civil structures) therefore demands to respect
dynamic and stochastic nature of all influencing working factors
and related working loads. The main reason for it is the prevention
of their working breakdowns.

1. General formulation of judging
of technical systems reliability

Now presented theory and methods of reliability evaluation
and its partial characteristics result in principle from two main
approaches from which follow further theoretical starting points
and practical methodics focuses on certain group of systems [1].

The first approach is based on the idealization, strict modelling
conditions and use of traditional calculation of reliability charac-
teristics. We can talk about so called apriory (inserted) reliability
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hlivosti, uréovanej uz pocas vyskumu, vyvoja a Ciastoéne vyrobnej
fazy a determinovanej uroviiou pouzitych vypoctovych, konstruk-
¢nych a technologickych postupov.

Druhy pristup sa opiera o skutoénu informaciu stochastického
charakteru, priamo spojenu s konkrétnymi prevadzkovymi reZimami
sledovaného systému. V tomto pripade ide o tzv. aposteriornu (pre-
vadzkovu) spolahlivost, charakterizujicu mieru spolahlivosti kon-
strukcie v urcitych prevadzkovych podmienkach. Prevadzkova spola-
hlivost je priamo zavisla nielen od miery vlozenej spolahlivosti, ale
taktiez od konkrétnych exploatacnych podmienok, vyrobne;j discip-
liny, urovne starostlivosti, kvality obsluhy a pod.

Najcastejsie vyuzivanou formulaciou problému posudzovania
spolahlivosti technickych systémov [TS] je formulacia matema-
ticko-symbolicka, ktora zaroven podava istu koncepciu posudzo-
vania spolahlivosti zvoleného prvku vyjadrenu formou syntézy
radu v tvare

F(z) O [rs1o Ty(1) O Z(z) O T(ka) o R(r))

kde F,), 0y Zsy @ Tz gy SU vS€Obecné nahodné funkcie casu
s tymto vyznamom:

Fo - stochastické prevadzkové zatazenie systému [7S] ako
funkcia Casu,

- napétie v mieste X, ktoré je odozvou na vstupny proces
F{,) a implicitne tieZ charakterizuje vlastnosti skuma-
ného systému [7S],

Z, - proces unavového poSkodenia, ktory je odozvou na

proces o, a ktory zohladfuje vlastnosti systému [7S]
a unavové vlastnosti pouZzitého materialu,

Tz 1y — DrOCES Zivotnosti pridruzeny k procesu Z,, vyplyvajuci
bezprostredne z priebehu inavového procesu a kde Zkrit
je hrani¢na hodnota poskodenia sposobujiica poruchu
resp. havariu systému [TS],

R, - funkcia udavajuca pravdepodobnost neporusenia [ 7S]
pri uvazovanych podmienkach prevadzky F(,) a vloze-
nych vlastnostiach, priCom vSeobecne pravdepodobnost
bezporuchovej prevadzky charakterizuje spolahlivost.

(0]

Je zrejmé, Ze z pohladu posudzovania bezpecnosti konstrukcii
ako celku je rozhodujucim kritériom najma Zivotnost do porusenia
ich hlavnych casti, ktort mozno odhadovat pri zohladneni rozlic-
nych teorii unavového poskodenia. Hlavnym dévodom odlisnosti
predikovanej hodnoty Zivotnosti a hodnoty dosiahnutej v realnej
prevadzke je najma naro¢nost presného urCenia parametrov pdso-
biaceho prevadzkového zatazenia, vyvolaného pdsobenim najvyz-
namnejsich faktorov prevadzkovych podmienok a ich intenzit.

3. Charakteristika oblasti vstupujucich do algoritmu
odhadu unavovej zivotnosti

Ak tuvahy o rieSeni problematiky odhadu unavovej zivotnosti
obmedzime vyhradne na pevnostnu problematiku a neuvazujeme
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determined already during research, development and partly
a phase of production, which is limited with level of the used cal-
culation, design and technological procedures.

The second approach rests on real information of stochastic
nature directly connected with concrete working conditions of the
examined system. There is the so-called aposteriory (working) reli-
ability, which characterizes measure of structure reliability in
certain working conditions. Working reliability depends directly not
only on a measure of the inserted reliability but also on real exploita-
tion conditions, discipline of production, level of care, quality of
operation etc.

The formulation mathematical-symbolic, which simultaneously
gives some ideas about selected element reliability estimation, is
the mostly used formulation of technical systems [TS] reliability
judgement. It expresses reliability in the form of a series synthesis
in the form of

F(z) o [7s10 (V) 0 Z(z) O T(ka) g R(z)’

where F,), 0y, Zy and Tz ., are general random functions of
time with the following meaning:

F - stochastic working load of system [7S] as a time func-
tion,
Oy - stress in x-location, which is a reaction on the input

process F(,, and characterises implicitly quality of the
tested system [ 7S] too,

Z, - process of fatigue failure which is a reaction on the
process o, and which takes in account a character
of the system [7S] and fatigue characteristics of used
material,

Tz criry - process of life connected with the process Z,,, which
follows from the course of fatigue process and when
Z,,; is order value of failure causing breakdown of the
system [7S],

R, - function describing probability of non failure of [7S]
during defined working conditions F{,, and inserted qual-
ities which generally characterises reliability as proba-
bility of working without failure.

It is obvious that from point of view of complex structure safety
judgement the fatigue life of their principal parts is the most deci-
sive criterion. It can be estimated after different theories of fatigue
failure. The main reason for difference of predicted life value from
the real one reached under real working conditions are namely dif-
ficulties which we are meeting during exact determination of acting
working load parameters. These are caused by some of the most
significant factors of working conditions and their intensities.

3. Characteristic of areas entering the algorithm
of fatigue life estimation

If we limit our meditation about fatigue life estimation just on
strength problems and do not take in an account related theories
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suvisiace metody tedrie mechanizmov, dynamiky strojnych agre-

gatov a dalSich vednych disciplin, potom vo vS§eobecnosti ide o Styri

zakladné oblasti zaujmu, stvisiace s:

o yyberom kritickych miest konstrukcie, budu analyzované,

o urcenim namdhania vo vybranych kritickych miestach a jeho nasled-
nym spracovanim metodami vhodnymi pre odhad Zivotnosti,

» navrhom resp. posudenim pevnostnych a unavovych vlastnosti
materialu skimanych Casti na zaklade zvolenych materialovych
charakteristik a

« vyberom vypoctového postupu - hypotézy kumuldcie iinavového
poskodenia, ktory uvedie do suvislosti informacie o zatazeniach
a materialovych vlastnostiach ¢asti systému. Vystupom je kvan-
tifikovany odhad tinavovej Zivotnosti analyzovanej Casti.

Po ziskani a vyhodnoteni uvedenych skupin informacii a ich
vhodnej aplikacii mozno ziskat konkrétne hodnoty odhadu unavo-
vej zivotnosti skimanych ¢asti systému, ktoré vyznamne determi-
nuju spolahlivost konstrukcie ako celku a su dolezitou informaciou
pri posudzovani rizik spojenych s jej bezpecnym prevadzkovanim.

2.1 Prevadzkové podmienky - zdroj prevadzkovych
zatazeni

Z obr. 1 je zrejmé, Ze prevadzkové podmienky st hlavnym
zdrojom prevadzkového zatazZenia (budenia), ktoré sposobuje na-
mahanie skimaného technického systému. Aj napriek tomu, Ze st
zakladnou vychodiskovou informaciou pre kvantifikovany odhad
spolahlivosti kazdého technického systému, sa doteraz nepodarilo
najst univerzalny sposob ich opisu ako celku, ktory by bol prak-
ticky pouzitelny za kazdych okolnosti. Skusenosti z realizovanych
analyz zZivotnosti neustale dokazuju, Ze prave problematike vplyvu
prevadzkovych podmienok na uroven kumulacie unavového po-
Skodenia sa nevenuje stale dostatoéna pozornost.

PREHLADY / REVIEWS

such as the theory of mechanics dynamics of machine units and

further scientific disciplines then generally we can deal with 4

principle areas of interest related with:

« choice of structure critical points, which is analysed further,

« determination of stresses in selected critical points and following
elaboration with methods suitable for fatigue life estimation,

« proposal or judgement of strength and fatigue properties of inves-
tigate parts material based on chosen material characteristics
and

« choice of method of calculation - Aypothesis of fatigue failure
cumulating, which can correlate the information about loads and
material properties of the system parts. The output is a quali-
fied estimation of an analysed part fatigue life.

After determination and evaluation of above mentioned groups
of information and after their suitable application we can get
concrete values of fatigue life estimation of tested parts of the
system which significantly determine reliability of the structure
on the whole and which are the important information in judge-
ment of risks connected with its safe working.

2.1 Working conditions - a source of working loads

It follows from Fig. 1, that working conditions are the main
source of working load (excitation), which causes stresses of the
examined technical system. Despite of that they are principal input
information for quantified estimation of reliability of each tech-
nical system. It was not possible to find any universal way of their
complex description until now which could be used in a practical
way at any circumstances. Experience from realised analyses of life
show that problem of working conditions influence on the level of
fatigue failure cumulation is still underestimated.

C

—1 E4 Experimental verification 0

M

P

— E2 Material properties ﬁ

I

. s

WORKING WORKING | | . Hypothesis of fatigue failure o
CONDITIONS LOADS . cumulation N
R Experimental verification (C)

: M

— Ei : : P

Material properties ﬁ

: I

S

L T'E, Hypothesis of fatigue failure I

cumulation g

Critical points
selection

Obr. 1. Vseobecny postup rieSenia problematiky tinavovej Zivotnosti
Fig. 1. General procedure of fatigue life problems solutions
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Jednotlivé faktory prevadzkovych podmienok mozu mat roz-
licny fyzikalny vyznam, avSak takmer bez vynimky maji nahodny
charakter. Pri skimani ich vplyvu na namahanie Casti systému sa
vychadza z analyzy skuto¢nych rezimov ¢innosti, na zaklade ktorej
by sa mal zostavit model typickych prevadzkovych podmienok -
zataZovaci kolektiv, reprezentujuci suhrn najvyznamnejsich fakto-
rov prevadzkovych podmienok a pocetnosti ich vyskytu [1, 2, 4].

Pri posudzovani inavovej Zivotnosti sa vychadza zo zakladného
predpokladu, ze inavové poskodenie je vZdy podmienené cyklickou
deformaciou materialu, ktorej meratelnou pri¢inou je vo vSetkych
pripadoch sila, tlak, rychlost, zrychlenie a pod. Z hladiska ucelu
Zivotnostnych analyz nie su doleZité charakteristiky prevadzkového
zatazenia a ich interakcie, ale iba vysledok ich spoluposobenia vo
forme namahania, resp. deformacie Casti konstrukcie.

Prakticky sa najcastejsie vyuzivaju dva zakladné sposoby zis-
kania relevantnych informacii. Prvy sposob je zaloZeny na fakte,
Ze vacsinou je mozné merat namahanie kritickych miest priamo na
konsStrukcii pocas jej ¢innosti v realnych prevadzkovych podmien-
kach. Ak je meranie realizované za icelom ziskania vstupnych
udajov pre odhad unavove;j zivotnosti, potom konstrukciu nemozno
merat pri nasadeni v ubovolnych prevadzkovych podmienkach
(hoci aj najagresivnejSich), ale v podmienkach, ktoré su pre kons-
trukciu vyznamné, resp. typické. Druhy sposob je zaloZeny na expe-
rimentalnom ziskani priebehov najvyznamnejsich prevadzkovych
faktorov a realizaciou pocitacovej simulacie ich posobenia na vytvo-
reny matematicky model systému (najcastejsie MKP) urcif namaha-
nie kritickych Casti vypoctom.

2.2 Pevnostné a unavové vlastnosti konstrukénych
materialov

Druhou vyznamnou oblastou pri predikcii inavovej Zivotnosti
je urCovanie potrebnych (najma mechanickych) vlastnosti pouzi-
tych konstrukénych materialov v analyzovanych miestach systému.
Pri praktickej realizacii odhadu prevadzkovej inavovej Zivotnosti
sa v suCasnosti vyuZiva niekol'ko charakteristik (kriviek) pouZitych
konstrukénych materialov, ktorymi mozno charakterizovat inavové
vlastnosti pouzitého materialu.

NajstarSou, avS§ak dodnes vyuzZivanou charakteristikou mate-
rialu je znama Wohlerova krivka (obr. 2a), zachytavajica zavislost
amplitudy harmonického cyklu sily alebo napétia o, od poctu
cyklov do lomu N, resp. Casto iba jej jednej hodnoty - medze
unavy o, [2,3].

Matematicky sa vyjadruje rovnicou (1), alebo s ohladom na
medzu Unavy o, v tvare (2), resp. s uvdZenim vplyvu strednej hod-
noty v tvare (3), kde m, 4, o’;, b st materialové konstanty (o”, sa
nazyva suCinitel unavovej pevnosti a b exponent unavovej pev-
nosti).

ol N,=4 1)

(0,—0)"-N=4 resp. 0,=d,(2-N) ()
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Individual factors of working conditions can have different
physical meaning although nearly without any exception they are
of stochastic nature. Exploring their influence on system parts
stresses we can go out from analysis of real working modes. It
should be a model of typical working conditions built on that base
so called load collective representing a collection of the most impor-
tant working conditions factors and frequency of their occurrence.
[1,2,4].

The review of fatigue life is built on a basic presumption that
fatigue failure is always conditioned by cyclic deformation of
material of which a measurable cause is in any case force pressure,
velocity, acceleration etc. From the point of view of life analysis
purpose there are not important working load characteristics and
their interactions but just result of their co-operation in the form
of stress or deformation of structure parts.

In real practice there are most often used two elementary ways
in which relevant information is obtained. The first one is based
on the fact that in most cases it is possible to measure stresses of
the structure critical points directly on the structure during its
working in real working conditions. If the measurement is realised
in order to get input values for fatigue life estimation then the
structure cannot be measured at any working condition (although
the most aggressive ones) but in conditions which are for the struc-
ture typical or relevant. The second way is based on obtaining the
most relevant working factors and on computer simulation of their
influence on mathematical model of the system (most often FEM)
which has as a result calculation of critical parts stresses.

2.2 Strength and fatigue properties of materials
of the structures.

The second relevant area for fatigue life prediction is deter-
mination of necessary (namely mechanical) properties of used
constructional materials in analysed points of a system. Some
characteristics (curves) of used constructional materials are uti-
lized during a practical realisation of estimation of working fatigue
life which can characterise fatigue properties of used material.

The oldest but until now utilized characteristics of material is
the Wohler curve (Fig. 2 a) showing dependence of the harmonic
cycle amplitude of force F or stress o, on a number of cycles until
failure N,. Sometimes it is used just the only value - fatigue limit
o, [2,3].

It can be expressed in a mathematical way by equation (1) or
taking in account fatigue limit o, in form (2) or as the case may
be taking in account influence of the mean value in form (3),
where m, A, o, b are the material constants (o”, is called fatigue
strength coefficient and b is an exponent of fatigue strength).

ol N=4 (1)

(0,—0)"-N,=4 resp. 0,=d, (2-N) 2
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o, = (0 —0,) (2N 3)

ModernejSou materialovou charakteristikou je Mansonova-Cof-
finova krivka (obr. 2b), udavajica zavislost amplitudy harmonic-
kého cyklu deformacie €, od poctu cyklov do lomu 2 - N,. Opisuje
sa rovnicou (4), kde £_’f» je stcinitel' unavovej taznosti, ¢ je expo-
nent unavovej faznosti a E je modul pruznosti

— i,f b ’ c
sa—E-(2-Nf +&,-(2-N). (4)
Pri skiimani suvislosti
medzi Wohlerovou a Manso-
novou-Coffinovou krivkou
bolo zistené, ze suvislost exis-
tuje a vyhovujucou vztahovou
rovnicou je tzv. rovnica cyklic- o
kej deformacnej krivky (obr.

%al
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o,= (0, =0, @2-N) 3)

More modern material characteristic is the Manson-Coffin
curve (Fig. 2b) defining dependability of the amplitude of a defor-
mation harmonic cycle &, on a number of cycles until failure 2 - N,.
It is described by equation (4), where E’f is coefficient of fatigue
ductility (elongation), c is an exponent of fatigue ductility and E
is the Young module.

!

_ﬂ b ’ c
= QN e QN (4)

By exploring correlation
between Wohler and Manson-
Coffin curves it was found that
the dependability exists and
holds for the relationship equa-
tion which is the so called
equation of the cyclic deforma-

2¢), vyjadrend v tvare

0'a+ aa% 5
£ = — — ,
) K )

kde K je sucinitel cyklickej
pevnosti a n je sucinitel cyk-
lického spevnenia. DoleZité je, Ze pri opakovanom namahani spra-
vidla neplati klasicky Hookov zakon &€ = o/E, ale rozhodujicu
ulohu zohrava prave druha cast vztahu (5) [2].

2.3 Hypotézy kumulacie unavového poskodenia

Je prirodzené, ze odliSny sposob spracovania a opisu stochastic-
kych prevadzkovych zatazeni vyustil aj do odlisSnych metéd odhadu
unavového poskodenia. V unave sa tieto metodiky nazyvaju Aypo-
tézy kumuldcie tinavového poskodenia (HKUP) a ich ucelom je
kvantifikovany odhad urovne inavového poskodenia sposobeného
procesom uréitej dizky resp. poctom cyklov. Podla charakteru
vyhodnotenych parametrov (blok harmonickych cyklov [3, 4] resp.
Statistické charakteristiky procesu ziskané v ramci korelacnej tedrie
[3, 4] alebo hodnoty AKF prip. SVH z autoregresného modelu
procesu [5]) mozno aplikovat vhodnu HKUP, zaloZenu na vyuziti
niektorého z uvedenych parametrov.

Hypotéz zalozenych na vyuziti ziskaného bloku resp. makro-
bloku harmonickych cyklov bolo navrhnutych a verifikovanych
vel'ké mnozstvo. Pri ich aplikacii sa vychadza hlavne z informacii
o pouZitom konStrukénom materiale a zakladnych charakteristi-
kach makrobloku harmonickych cyklov (napr. pocet hladin bloku,
pocet cyklov, pocet cyklov do lomu na tej istej hladine a pod.).

Hypotézy zaloZené na charakteristikdach korelacnej teorie s
menej frekventované ako predchadzajiice hypotézy a vacsina z nich
je prili§ teoreticky i vypoCtovo narocna na konkrétne praktické
pouzitie. Navyse nie je zatial dostatoCne preukazana ich presnost
[4, 5].

Obr. 2. Wohlerova krivka (a), Mansonova-Goffinova krivka (b),
cyklickd deformacnad krivka (c)
Fig. 2. Wohler curve (a), Manson-Doffin curve (b),
Cyclic deformation curve (c)

tion curve (Fig. 2¢) which is
expressed in form

0'a+ o-a% 5
gE=—+|—]".
«=f X (

Where K is a coefficient of
cyclic strength and # is a coefficient of cyclic strain-hardness. It is
important that by repeated loads doesn’t hold the classic Hook’s
law & = o/FE but the decisive role plays just the second part of
equation (5) [2].

2.3 Hypothesis of fatigue damage cumulation

It is natural that different ways of treatment and description
of stochastic working loads have as a result different methods of
fatigue damage estimation. In the area of fatigue these methods are
called hypothesis of fatigue damage cumulation (HFDC) and their
purpose is a quantified estimation of fatigue damage level estima-
tion caused by a process of certain length or a number of cycles.
Depending on character of evaluated parameters (the block of
harmonic cycles) [3,4] or statistic characteristics of the process
obtained in the frame of correlation theory [3,4] or values of auto-
correlation function (ACF) or power spectral density (PSD) from
an autoregressive model of process [5] it is possible to apply a suit-
able HFDC based on using some of the mentioned parameters.

A lot of hypotheses based on utilisation of the obtained block
or macroblock of harmonic cycles were proposed and verified. By
their application one goes out mainly from information about the
used construction material and about principal characteristics of
macroblock of harmonic cycles (e.g. number of block levels, number
of cycles, number of cycles until failure on the same level etc.).

Hypotheses based on the correlation theory characteristics are
less frequent than the former ones and most of them are too the-
oretic a computation demanding for concrete practical utilisation.
Moreover their accuracy has not been sufficiently proved until
now [4, 5].
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3. Rizikové faktory pri posudzovani unavovej Zivotnosti
technickych systémov

Jednou z oblasti pre aplikaciu metod riadenia rizika pri navrhu
a exploatacii technickych systémov je problematika odhadu pre-
vadzkovej pevnosti jednotlivych Casti a s nim suvisiaci odhad tna-
vovej Zivotnosti. Realizované analyzy pri¢in prevadzkovych poruch
a havarii rozlicnych technickych systémov jednozna¢ne dokazuju,
Ze takmer vo vSetkych pripadoch bol pritomny unavovy proces ako
dosledok opakovaného dynamického namahania, vacsinou v syner-
gii s dal§im poskodzujucim procesom, ako korozia, suché trenie,
defekty materialu, vykyvy teploty a pod.

V zmysle smernice Rady Europy 89/392/EU by mal kazdy
konstruktér poznat rizika, ktoré su sprievodnym javom nim navrh-
nutého rieSenia, tzn. aj rizika, ktoré su sucastou pevnostnej kontroly.
Musi vediet, ktoré rizikové faktory ovplyviuju pravdepodobnost
poruchy Casti systému a navrhnut uzivatelovi opatrenia na ich ria-
denie tzn. jej minimalizaciu prip. uplné odstranenie. Pre ilustraciu
je na obr. 3 analyzovana kauzalna zavislost vzniku poruchy nosnej
ocelovej konstrukcie zdvihacieho stroja a k nej priradené rizikové
faktory suvisiace s odhadom Zivotnosti podla [6].
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3. Risk factors in judgement of technical systems
fatigue life

One of areas for application of risk control methods in design
and exploitation of technical systems is working strength estimation
of their single parts and with it connected fatigue life estimation.
The realised analysis of working failure causes and breakdowns of
different technical systems shows clearly that nearly in all cases
a fatigue process was present as a result of a repeated dynamic
load, mostly in synergy with another damaging process such as
corrosion, dry friction, material defects, temperature changes etc.

In accordance with the guideline 89/392/EC of the European
Council each designer should know the risk connected with accom-
panying effects of the proposed solution it means also the risks
which are components of a strength check. He must know which
risk factors influence probability of failure of the system parts and
propose to the user some measures for their control it means their
minimisation or total elimination. For an illustration is on Fig. 3
analysed a causal dependence of a steel structure of a lifting machine
failure a its related a risk factors depending on its fatigue life esti-
mation after [6].

Danger | — Thread —»| Initiation | Damage >
. . ‘Working Working .
1. Material 1. Engines, control Toad strength 1. Checking L
2. Structure form 2. Load collectives 2. Tests o
3. Loads 3. Functional ability of 3. Maintenance
4. Calculation method safety arrangements 4. Repairs S
5. Production, welds Surroundings A |I| :
6. Assembly 5.  Human factor @ ; S
7. Safety arrangement (crane-man, binder,
) y & other persons)
P, - probability of damage

|

I. - Safe area
II. - Unsafe area

Indirect safety

: ]

Measures in projection,
design and production

-

Direct safety
Following safety

-

Measures in stage of
working

-

Flexible tracing systems

Obr. 3. Rizikové faktory pri odhade Zivotnosti nosnych casti zdvihacieho stroja
Fig.3. Risk factors in estimation of carrying parts of lifting machine life

Vypocet alebo spravnejSie odhad Zivotnosti Casti konStrukcie sa
v skutocnosti ¢asto odliSuje od hodnoty dosiahnutej v realnej pre-
vadzke. Hlavnym d6vodom si najmé problémy spojené s presnym

Calculation or rather estimation of the structure parts life
often in reality differs from the value reached in real working.
Main reasons are namely problems connected with an exact deter-
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urCenim charakteristickych parametrov vonkajsieho zatazenia, ktoré
pocas prevadzky na konstrukciu pdsobi. Takmer vo vsetkych pripa-
doch nie su k dispozicii hodnoty tnavovej pevnosti pre skumany
uzol konstrukcie, ale prevazne iba pre vzorky materialov, ¢o pred-
stavuje idealny stav, ktory sa v realnych podmienkach nasadenia
vyskytuje iba zriedka.

Postup odhadu Zivotnosti jednotlivych prvkov technickych
systémov a s nim spojené rizika pri predikcii prevadzkovej pev-
nosti st zalozené na definovani dvoch zakladnych veli€in - zataZe-
nia (napatosti, namahania) a tnosnosti.

ZataZenie vznikd ako doésledok posobenia prevadzkovych
podmienok. V simulaénych postupoch je najCastejsie vyjadrené
vo forme zafaZovacieho spektra (kolektivu). Skuto¢né prevadz-
kové zatazenia systému vyvolavaju, v zavislosti od jeho konstruk-
cie, v jednotlivych funkénych celkoch r6zne namahania. Aby
bolo mozné realny zataZovaci kolektiv v komplexe skumaného
systému definovat je nutné identifikovat druh vonkajSieho zataze-
nia, miesto jeho posobenia a jeho ¢asovi zavislost. Kazdy druh
prevadzky a rdézne vyrobné technologie su charakterizované
réznymi tvarmi zatazovacich kolektivov. Bezpecné dimenzovanie
funkénych cCasti systému na unavu je mozné iba vtedy, ak kons-
truktér pozna skutoéné zafazenie konStrukcie uz v etape jej
navrhu, napr. vo forme databazovych udajov. Realne zatazovacie
kolektivy vSak v etape konstrukcie zatial nie su zname a ak zname
su, tak iba pre presne $pecifikovanu skupinu systémov. Z tohto
doévodu mozno zatazovaci kolektiv definovat ako vyznamny rizi-
kovy faktor.

Skuto¢né namahanie Casti konStrukcie je mozné zaznamenat
iba prostrednictvom aplikacie experimentalnych metdd pocas tech-
nického Zivota systému, ¢o je v praxi, najma pre bezné typy stroj-
nych konsStrukcii fazko rieSitelné hlavne tam, kde ide o nahodné
zatazenia. Jednym z moznych postupov s najvyssim stupnom pri-
bliZzenia ku skutocnosti je vyuZzitie simulacnych metod zaloZenych
na matematickych modeloch skumaného systému alebo jeho Casti.
Tento postup je prirodzene zatazeny chybou, ktora je priamo spéta
s rizikovym faktorom - zataZenim.

Unosnost sa vyjadruje v tvare materialovych charakteristik
(najcastejSie Wohlerova krivka), ktoré su v§ak vo vacSine pripadov
k dispozicii iba pre ur€ita vzorku materidlov. Zohladnenie pre-
vadzkovych parametrov znamena zmenu tvaru krivky a v odborne;j
literattire sa hovori o tzv. prevadzkovej krivke Zivotnosti.

Dal§imi dolezitymi rizikovymi faktormi pri odhade Zivotnosti
su parametre suvisiace s vel'kostou sucasti a jej tvarom, typom
vrubov, povrchovou upravou a kvalitou jej zhotovenia, frekvenciou
zatazovania, pracovnou teplotou a pod., ktoré ovplyviuju vlast-
nosti materialov a tym aj tvar Zivotnostnej krivky. Bolo dokazané,
Ze najmé nedostatocna znalost hodnoty smernice unavovej krivky
a nezohladnenie tvarovych nelinearit profilov analyzovanych Casti
mozZe viest k vyraznym odchylkam vypocitanych vysledkov.

4. Zaver

Vyznamny vyskyt prevadzkovych portch a havarii zapricine-
nych inavovym procesom nas neustale presviedca o tom, Ze uroven
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mination of a characteristic parameter of outer loads acting on the
structure during its working. Nearly in all cases there are not avail-
able values of fatigue strength for the tested part of a structure but
only the values for material samples. It is an ideal state, which is
in real working conditions very rare.

Procedures of life estimation of single elements of technical
systems and with it connected risk by prediction of working strength
are based on defining two principle variables - load (stress, strength)
and loading capacity.

The load rises as a result of working conditions. For the
purpose of simulation it is often expressed in the form of loading
spectrum (collective) which can be constructed on the base of the
known procedures. Real working loads of the system result in
dependence on its structure in different loads in single functional
systems. To be able to define load collective in complex of the
explored system it is necessary to identify a kind of external load,
point of its acting and to know its time dependence. Each kind of
working and different production technologies are characterised
with different forms of collectives. Relating to the safe dimension-
ing of the single system parts on fatigue it is suitable for a designer
to know the real structure load already in the stage of calculation,
for example, in a form of database. Real load collectives are not
mostly known in the stage of design and if they are known so just
for a strictly specified group sort of systems. Therefore, we can
define the load collective as a relevant risk factor.

Real stress of a structure part can be recorded just on the base
of experimental methods application during technical life of system
which is in practice namely for usual types of machine structures
just difficult solvable mainly there where the load are of stochastic
nature. One of available procedures with high grade of reliability
approximation is use of simulation methods based on mathemati-
cal model of explored system or its part. This procedure is natu-
rally marked with error which is directly connected with defined
risk factor - load.

Loading capacity is expressed in form of material character-
istics (most often Wohler curve) which are usually available just
for some material samples. Taking in account the working para-
meters means a change of curve form, which is called in special
literature as a working life curve.

Further important risk factors in life estimation are the para-
meters related with dimensions of a part, its form, type of notch
[7], state and quality of surface, loading frequency, working tem-
perature etc. which have influence on material properties and con-
nected form of life curve. It was proved that namely insufficient
knowledge of fatigue curve derivation value and insufficient taking
in account of form nonlinearity of profiles of analysed parts of
structures lead to relevant differences calculated values of life from
the real ones.

4. Conclusion

Relevant occurrence of working failures and breakdowns caused
by fatigue process show us all the time that our level of knowledge
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vedomosti o tejto oblasti a najmé ich aplikacia nie su stale na
pozadovanej urovni. Preto cielom prispevku bola charakteristika
najvyznamnejsich faktorov vstupujicich do vypoctového odhadu
unavovej Zivotnosti a poukazanie na niektoré rizika suvisiace s defi-
novanim faktorov vystupujucich v postupe odhadu unavovej zivot-
nosti a s tym suvisiacimi rizikami vzniku nestability technickych
systémov. Je zrejmé, Ze ak informacie o pdsobiacich faktoroch
prevadzkovych podmienok nebudu dostatocné, budu v algoritme
odhadu zivotnosti vazne chyby a predikovana hodnota bude vyrazne
odlisna od skuto¢nej hodnoty dosiahnutej v realnej prevadzke.

Literatira - References

KOMNIKOCIe

C O MMUNICATION:S

in this field and namely its application are still not on the wanted
level. Therefore, the aim of this paper was to characterise the most
relevant factors going into the calculated estimation of fatigue life
and to show some risks connected with the defining of factors
acting in the procedure of fatigue life estimation and with corre-
lated risks of instability rise of technical systems. It is evident that
in case of insufficient information about acting factors of working
conditions rise in the algorithm of life estimation relevant errors
and estimated value will be significantly different from the real
one.
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ZLOZENE SLOVA V SLOVENCINE A ANGLICTINE

ENGLISH AND SLOVAK COMPOUNDS

Cldnok sa zaoberd odlisnym spésobom, akym jazyk odrdza mimo-
Jazykovu skutocnost v anglictine a slovencine. Toto je ukdzané na
odlisnom postaveni anglickych a slovenskych zloZenych slov spolu
s niekolkymi prikladmi z oblasti prdva.

Slovna zasoba obsahuje Cast slov, ktoré boli vytvorené kom-
poziciou, ¢ize kombinadciou samostatne stojacich morfém. [1] Uz
pri snahe o presnejSiu definiciu podstaty tejto kombinacie vSak
medzi jazykovedcami existuju rozdiely. Horecky popisuje tvorenie
zlozenych slov ako proces, pri ktorom jeden denotat prestava byt
oznacovany dvoma slovami, ale iba jednym. Hibkova §truktira slova
je potom namiesto syntagmaticky charakterizovana logicko-séman-
tickym vzfahom. [2] S jednoslovnym charakterom kompozita by
nesuhlasilo hned’ niekol'ko zapadnych lingvistov; spomefime R. B.
Leesa (1960) a novsie prace H. Marchanda (1974). V. Adamsova
pripomina, Ze prave neodmyslitelnost syntagmatického vztahu je
dovodom, preco su zlozené slova niekedy povazované za hranicu
medzi syntaxou a slovotvorbou. [3] Ako ukaZeme, tieto odliSnosti
maju Ciastoéne svoje korene v odliSnej typologii jazyka.

Zda sa, ze skepticky postoj voéi univerzalnym principom slo-
votvorby, ktoré by mohli byt aplikované na jednotlivé jazyky, plati
osobitne pre zlozené slova. Tu Stekauer pripomina, Ze ,... jedna
a ta ista definicia nemdZe byt pouZzita pre slovenské a anglické
zlozZené slova kvoli ich zasadne odliSnym vlastnostiam.” [4]

Vo vSeobecnosti hra kompozicia v anglickej slovotvorbe o nieco
dolezitejsiu ulohu ako v slovotvorbe slovenskej (tomu zodpoveda
i rozsah vyskumu). V anglictine je kompozicia v§eobecne povazo-
vana za najproduktivnejsi sposob tvorenia slov. [5] Napriklad V.
Adamsova vo svojej An Introduction to Modern English Word-for-
mation (1973) venuje zlozenym slovam temer polovicu knihy. Na
druhej strane, v Horeckého Slovenskej lexikologii (1971) je kom-
pozicii v porovnani s afixaciou venovany pomerne uzky priestor.

Prvy formalny rozdiel, ktory si v§imneme v pisanom jazyku,
je odlisna ortografia. Zatial ¢o kompozita su v slovencine v pre-
vaznej vacésine pisané dohromady (pripadne so spojovnikom), angli¢-
tina vyuZziva tri rozne typy pravopisu, a to ako samostatné slova, so
spojovnikom a pisanie dohromady. Treba pripomenut, Ze vSetky
tri ortografické typy sa sucasne objavuju v réznych slovnikoch, ¢o
naznacuje istu kolisavost pravopisu v anglictine. V Britanii navyse

* Mgr. Danica Malekova

The article comments on how differently English and Slovak lan-
guages reflect the extra-linguistic reality. This is proved by the differ-
ent status of English and Slovak compounds supplemented by some
examples from legal terminology.

There is a stock of words that have been formed by way of com-
pounding, i.e. by “the combination of free lexical morphemes.” [1]
An attempt to define the exact nature of such combination, however,
reveals differences among linguists. Horecky characterizes the cre-
ation of compounds as a process, in which one referent stops being
referred to by two words, but rather by one word only. The deep
structure of the word does not entail a syntagmatic, but rather
a logico-semantic characteristic. [2] The one word character of
compounds would not be agreed on by a number of Western lin-
guists; let us just mention Robert B. Lees (1960) and the later work
of Hans Marchand (1974). V.Adams claims that it is due to their
syntagmatic character that compounds are sometimes considered
a borderline between syntax and word-formation. [3] As will be
shown, the above differences are partly rooted in the opposition
between a mainly analytic versus mainly synthetic language.

In this respect, the scepticism with regard to any universal
principles of word formation, which could be applied to individual
languages, holds especially true with regard to English and Slovak
compounds. In this regard, Stekauer maintains that: “one and the
same definition cannot be applied to Slovak and English com-
pounds due to their substantially different characteristics.” [4]

In the most general terms, compounding is granted a more
singnificant role in English word formation than it is in Slovak (and
consequently more research is carried out). In English, it is gen-
erally regarded as the most productive word formation process.
[5] For example, V. Adams in her An Introduction to Modern English
Word-formation (1973) devotes almost half of the book to com-
pounds. On the other hand, compounding in Horecky’s Slovenskd
lexikoldgia (1971) only occupies a minor space compared to that
of affixation.

In written language, the first difference that strikes us on the
formal level is the different ortographic practice. While Slovak
compounds largely use solid spelling (or hyphenation when copu-
lative compounds are concerned), English makes use of three dif-
ferent spellings: open, hyphenated and solid. It is interesting to
note that the three spellings appear side by side across dictionar-
ies, which points to the fact how wayward the orthographic prac-
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neexistuje oficialna institucia, ktora by mala postavenie autority
na jazyk, aké ma napriklad Jazykovedny tistav Ludovita Stiira (SAV)
na Slovensku. To znamena, Ze nie je nikto, kto by vyniesol konecny
verdikt nad akymkolvek pravopisnym problémom.

V pozadi tendencie k spajaniu spojovnikom je snaha o formalnu
vyhranenost kompozit, ktora je nepochybne spojena s oslabenou
schopnostou anglictiny tvorit zlozené slova vyhranené ¢o do formy:
L,V anglictine je mozné tvorit odvodené slova aj od slovnych spojeni.
Toto je Ciastocne sposobené volnej§im pripojenim sufixov, ¢iastoc-
ne oslabenou schopnostou anglictiny tvorit formalne vyhranené
kompozita, namiesto ktorych ¢asto najdeme len suslovia.“ [6]

Tu by nam ako priklad mohol posluzit vyraz Lord Chancellor,
ktory uvadza Mathesius. Tato lexikalna jednotka ako termin pevne
zakotveny v pravnickej terminoldgii anglictiny funguje v slovencine
ako prevzaté slovo lord kanceldr a niekedy, prevedené na domaci
kontext, najvyssi sudca. Hoci obe lexikalne jednotky bezpochyby
oznacuju jeden a ten isty pojem a ich formalna Struktura je
napadne podobna, mozno tvrdit, Ze tieto vyrazy vstupuju do odlis-
nych vztahov v oboch prislusnych jazykoch. Toto dokazuje fakt,
Ze anglicky vyraz moze dat zaklad odvodenému slovu, t. j. Lord
Chancellorship, avsak ten isty vyraz v slovencine takéto odvodzova-
nie nepripusta: *lord kanceldrstvo. Pripomenime vSak, Ze podobna
derivacia v anglictine by pravdepodobne odporovala jednému zo
zakladnych vychodisk teorie Extended Level Ordering Hypothesis,
podla ktorej derivacia predchadza kompozicii. To by znamenalo,
Ze danu lexikalnu jednotku by bolo treba analyzovat ako Lord+
Chancellorship. Toto tvrdenie ma svoje opodstatnenie, hoci musime
mat na paméti diachronické vzduchoprazdno, s ktorym spolupra-
cuje. Inymi slovami, takyto pohlad je vyhradne synchronny. Vystac-
me si teda so v§eobecnejsim konstatovanim, Ze analyticky charakter
anglictiny je ovela nachylnejsi k juxtapozicii typu Lord+Chancel-
lor+ship.

Slovencina, ktora ma k dispozicii sufixy s celkom odlisnymi
‘kvalitami®, tak strca Cast ekondmie, ktoru vo vSeobecnosti
kompozita do jazyka prinasaju, o moze byt ukazané pri preklade
anglického Lord Chancellorship ako napr. iirad lorda kanceldra.

V tejto suvislosti mozno spomentt i skupinu zlozenych slov
reprezentovanul vyrazom court martial, niekedy s pravopisom Court-
-Martial (vojensky stid). Podobne ako prevazna Cast lexiky v oblasti
prava, i uvedena lexikalna jednotka je romanskeho povodu a to
i na urovni syntagmy, kde pridavné meno vo funkcii privlastku
nasleduje az za riadiacim podstatnym menom. Je zaujimavé, Ze
tvorenie mnozného Cisla reSpektuje historicky povod slova (courts
martial), a to i za cenu, Ze takto narusi slovnu jednotu vyrazu,
ktory ma status jedného slova. Zo synchronického hladiska mozno
toto vysvetlit faktom, Ze dana lexikalna jednotka predstavuje priklad
kompozita, ktoré je 'left-headed’, je preto prirodzené, ze plural sa
pridava k riadiacemu substantivu (ktoré urcuje hlavné jazykové
charakteristiky celého vyrazu). Netreba azda zdoraznovat, Ze slo-
vencina by sa v podobne;j situdcii chovala celkom inac.

Ako sme uviedli, odliSné vnimanie kompozicie v danych jazy-
koch ma tzku suvislost s rozdielom medzi prevazne analytickym
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tice in English is. It might be of importance that in Britain there
is no official institution assuming the role of a linguistic authority
such as Jazykovedny iistav Ludovita Stira in Slovakia. This means
there is no one to pass the final judgement as to which spelling is
right.

The tendency toward hyphenation is to make compounds for-
mally more distinct, which is undoubtedly associated with the
weakened capacity of the English language to make formally dis-
tinct compounds: “In English it is possible to form derivatives even
from groups of words. This is due partly to the looser attachment
of suffixes, partly to the weakened capacity of English to give rise
to formally distinct compounds, instead of which we often find
mere groups of words.” [6]

An example thereof was given by Mathesius by means of Lord
Chancellor, which, being a term firmly established in its English
legal context, functions in Slovak as a borrowed syntactic group
lord kanceldr, and sometimes, when adapted to the domestic context,
najvyssi sudca. Although both naming units undoubtedly designate
the same unique concept and their formal structure is remarkably
similar, we could claim that the two words enter different relations
in the respective languages. This can be demonstrated by the fact
that while the English naming unit can undergo derivation (i.e.
Lord Chancellorship), its Slovak counterpart does not admit such
possibility (*Lord kanceldrstvo). This means that the attachement
of the forming constituents in English is tighter than is the case
with Slovak. If we wanted such derivation to occur in Slovak, the
syntactic group would have to assume the form of a distinct com-
pound, i.e. lordkanceldr. Note, however, that such derivation in
English would probably contradict one of the basic premises of
Extended Level Ordering Hypothesis, i.e. that derivation precedes
composition. That would mean that the naming unit would have
to be analysed as Lord+Chancellorship. This is a justified claim,
although it must be borne in mind that it can only be made in
diachronic vacuum, in other words, the view is purely synchronic.
Suffice it to claim on a more general level that the analytic char-
acter of English makes juxtapositions like Lord+Chancellor+ship
with little formal amendment quite plausible.

Slovak, having at its disposal suffixes with very different " qual-
ities" therefore loses part of the economy that compounds gener-
ally bring into language is thus lost, which can be demonstrated
on the possible translation of the naming unit Lord Chancellorship
as e.g. urad lorda kanceldra.

Here we can mention a group of compounds represented by
the naming unit court martial, sometimes with the spelling Court-
Martial (vojensky sud). Like the vast majority of legal lexis, the
above unit is of Romance origin, which also concerns the syntactic
level, where an adjective postmodifies its head noun. Interestingly
enough, plural respects the historical origin of the word (courts
martial), even breaking into the wordlike unity of the expression.
From the synchronic perspective, this can be explained by the fact
that the naming unit represents the case of a left-headed compound
- it is therefore natural that plural is added to the head (which
determines the main linguistic characteristics of the combina-
tion). We need not emphasize that Slovak would behave very dif-
ferently in such situation.

We have already pointed to the fact that the different percep-
tion of compounding in the two languages is connected to their
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a prevazne flektivnym charakterom jazyka. Pripomenme si len
fakt, Ze anglické frazové slovesa si niekedy klasifikované ako
zlozené slova (Selkirk), a ze vacSina z nich nachadza svoj sloven-
sky ekvivalent v slovach odvodenych (set out - vymedzit). Tu vS§ak
nesmieme opomentt fakt, Ze Vachek je pri zaradovani frazovych
slovies opatrnejsi a tvrdi, Ze ich klasifikacia zostava problematicka.
Peprnik sa dokonca priklana k priamemu zaradeniu Castice ako
afixu. Lipkova definicia prostrednictvom formantu je jednym
z dalsich moznych vychodisk. Adamsova problém riesi tvrdenim,
7e frazové slovesa maju tak charakter slova, ako i spojenia slov. [7]
Stekauer upozoriiuje na roznorody charakter ' astice' a poukazuje
na rozdiel medzi Casticami, ktoré si zo synchronneho hladiska
lexikalizované a Casticami, ktoré su nositeI'mi vyznamu. [8]

Ako vidime, v kontexte definovania odliSného postavenia zlo-
Zenych slov v oboch jazykoch narazame ohladom anglictiny na
problém: ,,... zatial' sa nikomu nepodarilo vyélenit zloZené slova
oproti kolokaciam a slovnym spojeniam. Hranice medzi nimi su
pomerne neurcité. V dosledku toho zostava postavenie mnohych
kombinacii podstatnych mien a ¢innych pricasti s podstatnymi
menami nejednoznacné.” [9] V skutoCnosti sa nazory jazykovedcov
znacne roznia. Peprnik naznacuje definiciu s pomocou ortografie:
»-..pravopis [se] sjednocuje na psani dohromady (kompozitum)
nebo na psani obou slozek zvlast (sdruzené pojmenovani).” [10]
Vachek pripisuje rozhodujicu ulohu prizvuku. V jeho charakteris-
tike ,pravé zlozené slova“ zhruba zodpovedaju kompozitam tak,
ako ich pozname v slovencine ¢i Cestine. [11]

V urcitych aspektoch su vSak horeuvedené nazory v protiklade
s vychodiskami (prevazne) zapadnych jazykovedcov (Marchand,
Lees, Adams, Siegel, Allen, Selkirk, Anderson, Bauer a dalsi), ktori
jednoznacne povazuju kombinacie s oboma zloZkami pisanymi
osobitne a/alebo vyslovovanymi s dvoma prizvukmi za rovnako
délezitu skupinu zlozenych slov.

Metody vyélenenia zlozenych slov vo vztahu k slovnym spoje-
niam boli vypracované V. Adamsovou (1973), ktora navrhuje kritéria
na vyclenenie kompozit. Do uvahy berie i diachronicku perspektivu:
»-..kazdé spojenie zhodného privlastku a podstatného mena je
potencialne zlozené slovo a tak sa zacne aj pocitovat, ak bude pouzi-
vané dostatoCne Casto.”“ [12] Zaroven tvrdi, zZe status zloZeného
slova by mal byt zalezZitostou miery. Proti tomuto vystupuje Ste-
kauer, ked zdoraznuje, ze vZdy ide o urcité ,,bud-alebo” na zaklade
toho, Ze ,,... zloZené slova su lexikalne jednotky, znaky predmetov,
jednotky lexikonu. Slovné spojenia su kombinacie znakov, ktoré
popisuju (a nepomenuvaji) extralingvisticku realitu.” [13] Jeho
nazor ma pevné ukotvenie v sémantike: ,,... rozhodujici moment pre
chapanie dvoch povodne samostatnych lexikalnych jednotiek ako
jednej, kvalitativne novej jednotky, je jej gnozeologicka a logicka
Struktura, t. j. pojmova jedinecnost a jednota.” [14]

Problém je tak preneseny do oblasti individualnej kognitivne;j
percepcie, v ramci ktorej mozu existovat odlisnosti, CiZe urcité
hrani¢né pripady zostavaju otazne. Takéto dvojaké chapanie ilus-
truje vyraz black market. Tento by vSak bol Vachekom pravdepo-
dobne klasifikovany ako kolokacia.
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mainly analytic versus mainly synthetic character. Let us just
remind ourselves of the fact that English phrasal verbs can be clas-
sified as compounds (Selkirk); and that most of them find their
Slovak equivalents in derived words (set out - vymedzit) . Note,
however, that Vachek is not so ready to classify phrasal verbs as
compounds, and says that the grammatical classification of the
particle is rather a problem. Peprnik adheres to a straightforward
classification of the particle as a separate prefix. Lipka’s definition
by way of a formative suggests another way out of the problem.
Adams arrives at the solution by claiming that phrasal verbs are
both word-like and phrase-like. [7] Stekauer stresses the varying
character of the "particle by pointing out the distinction between
particles that have undergone lexicalization and those that carry
a meaning from the synchronic perspective. [8]

In the context of defining the different status of compounds
in English and Slovak, however, we need to bear in mind that with
respect to English, we are walking a tight rope in the sense that
“no one has yet succeeded in delimiting compounds with regard to
collocations and syntactic groups. Borderlines between them are
rather vague. As a result, the status of many noun - noun, adjec-
tive/present participle - noun combinations remains ambiguous.”
[9]

In fact, opinions vary considerably among linguists. Peprnik
seems to differentiate compound status based on ortography:
“...spelling tends to be solid (compounds) or open (collocations).”
[10] Vachek assigns crucial importance to stress. In his charac-
terology, the “genuine compounds” roughly correspond to the idea
of compounds as presented in Czech or Slovak. [11]

In certain aspects, however, the above views are incongruent
with the premises held by (mostly) Western linguists (Marchand,
Lees, Adams, Siegel, Allen, Selkirk, Anderson, Bauer and others),
who invariably consider combinations with open spelling and/or
pronounced with double stress an equally significant group of
compounds as that with solid or hyphenated spelling.

The methods of delimitation of compounds with regard to free
phrases were worked out by V. Adams (1973), who suggests several
criteria for delimitation of compounds. The diachronic perspective
is also taken into account: “...any attributive-head noun group is
potentially a compound and will come to be felt as one if it happens
to be used often enough.” [12] She proposes that the compound-
status should be considered a matter of degree. However, Stekauer
challenges the proposal by reiterating that the difference is an
“either-or” matter on the grounds that “compounds are naming
units, signs of objects, units of the lexicon. Free phrases are speech
combinations of signs which describe (and not denominate) extra-
linguistic reality.” [13] His view is firmly grounded in semantics:
“...the decisive moment for conceiving two originally independent
naming units as a single, qualitatively new naming unit is its
unique gnoseological and logical structure, i.e. conceptual unique-
ness and unity.” [14]

The problem is thus shifted to the realm of individual cogni-
tive perception, which might vary, i.e. certain (borderline) cases
might be subject to discussion. Such double perception involves
cases like black market. Note that Vachek would probably classify
these as collocations.
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Poslednym faktorom, ktory spomenieme v stvislosti s odlisnym
zapajanim prostriedkov kompozicie na oznacenie extralingvistic-
kej reality v oboch jazykoch, je spolocensko-historicky kontext.
Vieme, Ze familiarnost pojmu podporuje kondenzacné tendencie,
ktorych produktom moZze byt prave kompozitum. Tu mdZeme porov-
nat slovensky vyraz svetondzor tak, ako je pouZity v spojeni slov:
ndboZenskad viera alebo svetondzor s jeho anglickym vyjadrenim:
religious beliefs or other belief of a similar nature. Zatial co v komu-
nistickej ideologii neutralny svefondzor svojou univerzalnostou
nahradil, ¢i dokonca zapudil pojmové spojenie s naboZenstvom,
v anglickom prostredi k Ziadnemu takémuto procesu nedoslo.
V dosledku toho je neutralnejSie vyjadrenie vel'mi popisné, navyse
sémanticky zavislé od asociacie s religious beliefs.

Na zaver treba mat na pamati, ze akykolvek pokus o analyzu

otazku kompozit skor problematizuje, ako definitivne riesi. I nas
Clanok sa snazi poukazat na tento fakt.

Literatura - References:

KOMNIKOCIe

C O MMUNICATION:S

Last but not least, the difference between employing the means
of compounding to denominate a part of extra-linguistic reality in
the two languages might rest on the socio-historical context in the
sense that certain familiarity of concept might be a factor enhanc-
ing condensation which is involved in compounding. Here we can
compare the Slovak compound svetondzor as used in the phrase
ndboZenskd viera alebo svetondzor, with the English embedding of
the same being religious beliefs or other belief of a similar nature.
While in the communist era the neutral svetondzor replaced, and
even repudiated the conceptual connection with religion, in English
environment, no such process has taken place. As a consequence,
the more neutral rendering is an overt description, semantically,
moreover, resting on an association with religious beliefs.

Finally, it need be borne in mind that any attempt at an analy-
sis tends to enrich the issue with more complexity rather than
proposing any finite solutions. The above article tries to point to
that fact.
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Nazov doktorandskej
dizertacnej prace:  VySetrovanie geometrickych parametrov step-indexovych
telekomunikacnych optickych vlakien pomocou interferencie vidov

Autor: Mgr. Ivan Martiné¢ek

Vedny odbor: 26-27-9 telekomunikacie

Skoliace pracovisko: Elektrotechnicka fakulta Zilinskej univerzity
Skolitel: prof. Ing. Milan Dado, CSc.

Skolitel $pecialista: doc. RNDr. Ivan Turek, CSc.

Resume:

Doktorandska dizertacnd prdaca sa zaobera problematikou urcovania geometrickych paramet-
rov step-indexovych telekomunikacnych vidkien pomocou interferencie vidov.

V prdci je popisand tedria interferencie vidov v optickych vidknach a spésoby detekcie pre rézne
druhy interferujicich vidov. Teoreticky je interferencia vidov Studovand pre optické vidkna v tzv. sla-
bovodiacom priblizeni. Pre takéto priblizenie je odvodeny vztah pre rozdiel pozdiznych fizovych kon-
Stant vedenych vidov v optickom vidkne. Pomocou tohto vztahu je teoreticky hladany suvis medzi
tvarom interferencného obrazu interferujiicich vidov a materidlovymi a geometrickymi parametrami
optického vidkna.

Experimentdlne bola interferencia vidov Studovand na konvencnych telekomunikacnych vldk-
nach firmy Pirelli, Siemens a Nokia so zamerom posiidenia profilu indexu lomu vysetrovanych
vidkien pomocou interferencného obrazu a jeho parametro.

ZILINSKA UNIVERZITA V ZILINE
Strojnicka fakulta

OPTIMALIZACIA ZVARACICH

PARAMETROV PRI ZVARANI
GRAFITICKYCH LIATIN
doktorandska dizertacna prica
Vedny obor:
23079 Strojirske technolgie a materiily
Autor Ing. Milos MICIAN
Skolitef: prof. Ing. Jozef MESKO, CS.

Zilina 2002

Nazov doktorandskej
dizertacnej prace:  Optimalizacia zvaracich parametrov pri zvarani grafitickych liatin
Autor: Ing. Milos MICIAN

Vedny odbor: 23079 Strojarske technologie a materialy
Skoliace pracovisko: Strojnicka fakulta Zilinskej univerzity
Skolitel: prof. Ing. Jozef MESKO, CSc.

Resume:

Dizertacnd prdca sa zaoberd problematikou zvdrania a pridavnych materidlov, pouzivanych pri
zvdrani a opravdch odliatkov z grafitickych liatin.

Prva cast prdace obsahuje riesenie problematiky vyvoja nového typu plnenej elektrody, urceného
na zvdranie liatiny s gulockovym grafitom. Navrhnuté tri zdakladné komponenty (biela liatina, SiC
a Litvar7) tvoria zdaklad ndplne a su namiesané v pomere, ktoré zabezpeci pozadované chemické
zloZenie zvarového kovu. Vysledky experimentov umoznili zrealizovat (vyrobit dva prototypy) plne-
nych elektrod (RD 590/L10 a RD 590/L12), pricom bol stanoveny siibor metod na overenie iiZit-
kovych vlastnosti tychto elektrod.

Plnena elektroda typu RD590/L10 je urcend na zvdranie tvdarnej liatiny s feritickou kovovou
hmotou a RD 590/L12 na zvdranie tvarnej liatiny s perlitickou kovovou hmotou. Pri druhom type
plnenej elektrédy boli k zdkladu ndplne pridané dalsie dve komponenty - Cu a FeMn.

V druhej casti prace bol navrhnuty postup hodnotenia stability horenia elektrického oblika
a nasledovné urcéenie optimdinych zvdaracich parametrov pre novovyvinuté plnené elektrody. PouZité
kritéria hodnotenia stability - index stability W a variacny koeficient V. sa ukdzali ako vhodné pri
urcovani pracovnych oblasti v skratovom a bezskratovom reZime zvarania.

Wsledky rieseni boli aplikované pri opravdach zlievarenskych chyb vytypovanych odliatkov
z liatiny s gulockovym grafitom. Opravy sa vykonali v spoluprdci so firmou ZTS Sabinov. a. s., pre-
vadzka Zlievaren HRONEC.
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dizertacnej prace:  Controlling logistického procesu

Autor: Ing. Juraj Dubovec

Vedny odbor: 62-03-9 Odvetvové a prierezové ekonomiky

Skoliace pracovisko: Fakulta prevadzky a ekonomiky dopravy a spojov Zilinskej univerzity

Skolitel: Doc. Ing. Jozef Striss, CSc.

Resume:

Doktorandska dizertacnd prdca sa zaoberd controllingom logistického procesu, ktory je ndstro-
Jjom na podporu manazérskeho rozhodovania v dynamickom podnikatelskom prostredi. Vystavbou
komplexnej sustavy kalkuldcie ndakladov a vykonov, systemu vhodnych logistickych ukazovatelov
a ich premietnutim do informacného systemu je mozné docielit dobré fungovanie a siilad logistic-
kych procesov s prijatou stratégiou.

Vplyv dynamiky informacnych technologii umoznil postupnii konvergenciu hodnotovej a infor-
macnej stranky podnikového systému a vytvoril tak priestor pre nové postupy a metody v oblasti con-
trollingu.

Globalizacia, silny medzindrodny konkurencny tlak, pracovnd mobilita, spdjanie podnikov a nové
informacné technologie charakterizujii prostredie, v ktorom sa musia osvedcit controllingové postupy.

V teoretickej rovine dizertacnd prdca popisuje moznosti vyuzitia konvergencie roznych technik
a technologii pre stanovenie controllingovych ukazovatelov logistického procesu na podporu rozho-
dovania na roznych riadiacich virovniach.

Uvedené postupy sii siicastou projektu tvorby “Balanced Scorecard’, ktoré umoziujii sledovanie
vwkonnosti pomocou predloZenych postupov. Hierarchia ukazovatelov je jednoduchd a prehladnd,
vrdtane vztahov pouzivanych na vypocet jednotlivich ukazovatelov a umoznuje vytvarat rézne scendre
podla modelu “¢o sa stane, ked”. Postup stratégie sa sleduje pomocou financnych a nefinancnych
ukazovatelov.

Praktické riesenia ukazujii, Ze na podporu rozhodovania postacuje maximdlne 20 ukazovatelov
50 vzdjomnymi vizbami.

St dva druhy ukazovatelov:
o Ukazovatele usilia (zvycajne sii Specifické pre danii firmu)
o Ukazovatele vysledkov

Volba ukazovatelov (najmd ukazovatele iisilia) a vizieb medzi ukazovatelmi vyjadruje spolocnii
viziu vispesnosti firemnej stratégie, nakolko ddva jasnii predstavu o procese.

Pre efektivny controlling logistického procesu potrebuje podnik systém logistickych ukazovateloy,
ktoré by spolahlivo identifikovali “lizke” miesta procesu. Tieto signdly nam umoznujii zasahovat do
logistickych procesov tak, aby sa dosiahla rychlost, pruznost a hospoddrnost celého logistického
systému.
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