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MATERIALD'VVA METALURGICKY
VYZKUM s.r.0.

Zatizeni pro provadéni zkouSek v plynném nebo kapalném
prostredi za zvySeného tlaku

Zatizeni slouzi k provadéni zkouSek v plynném nebo kapalném prostredi za zvySeného tlaku,
zejména vodiku, pro ziskani informaci o mechanickych vlastnostech materialu. Zarizeni,
obsahujici zkuSebni stroj, v jehoZ pracovnim prostoru je umisténa zkuSebni komora, je mozné
vyuzivat ve zkuSebnich laboratorich a védeckych pracovistich provadéjicich destruktivni
zkouSeni, pro ziskdni informaci o mechanickych, metalografickych a chemickych vlastnostech
zkouSeného materiadlu vystaveného degradacnimu ptisobeni plynného nebo kapalného média.

» Autoklav je moZné zabudovat do servohy-
draulického zkuSebniho zarizeni MTS a provadét
statické i dynamické zkousky v plynném prostiedi,
tzn. tahové zkousSky, unavové zkousSky, méreni
lomové houZevnatosti nebo rychlosti Sifeni
unavoveé trhliny,

» typické vyuziti - méreni rychlosti $ifeni trhliny u
materidlu na vyrobu tlakovych lahvi na vodik
potenciometrickou metodou,

» tlak plynu v autoklavu do 200 bar,

» soustava ventili vprivodni a odvodové vétvi
umoZziuje regulaci tlaku v autoklavu, popr. jeho
vakuovani,

» pri vyjmuti z ramu zkuSebniho stroje je pouZzitelny
jako tlakova nadoba pro expozici zkuSebniho
materialu v plynném prostiredi pii pokojové
teploté i zvySenych teplotach.

Zarizeni pro provadéni zkouSek v plynném nebo kapalném prostiedi za zvySeného tlaku je
chranéno uzitnym vzorem ¢. 30730 ze dne 6.6.2017.

Majitel uZitného vzoru: MATERIALOVY A METALURGICKY VYZKUM s.r.o.
Pohrani¢ni 693/31, 703 00 Ostrava-Vitkovice
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Selected Aspects of Modelling in the Metallurgical Industry

Vybrané aspekty modelovani v hutnim priamyslu

Ing. Dagmar Spi¢kova; prof. Ing. Zora Kostialova Jan&ikova, CSc.; Mgr. Ing. Tomas Tykva

VSB — Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Automation and
Computing in Metallurgy, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

Selection of the right modelling tools is a key factor for ensuring the accuracy of the created model. For the case when
the model should serve to predict the behaviour of the modelled system, it is necessary that the predictions reach the
greatest possible consistency with the real system behaviour. One of the aspects for a suitable model selection is
determination of the coefficient R. For creation of the models MATLAB and its tools of regression and of artificial
neural networks were used. Neural networks provide higher match between the real and predicted values, while
regression is more robust in terms of the values, which the neural network did not learn. The article shows the
possibility of using both models in the foundries for an assessment of the heating and castings heat treatment efficiency.
Thanks to the sufficiently accurate prediction it is possible to determine the heating gas consumption for the given type
of heat processing and for the charged weight.

Key words: artificial neural network; model; regression; robust

Vybér spravnych modelovacich néstroji je klicem k presnosti vytvoreného modelu. V pripadé, Zze model by mél slouzit
k predpovedi chovani modelovaného systému, je nezbytné, aby predpovedi dosahly co nejvetsiho souladu s chovanim
skutecného systému. Jednim z aspekti vhodného vybéru modelu je urcovaci koeficient R. Pro sestaveni model: byl
pouzit MATLAB a jeho néstroje regrese a umeélych neuronovych siti. Neuronové sit¢ poskytuji vysSi shodu mezi
realnymi a predpovézenymi hodnotami, zatimco regrese je mnohem robustnéjsi z hlediska hodnot, na které neuronova
siz nebyla naucena. Prostiedi MATLAB zahrnuje Siroké spektrum modelovacich nastroji. Oba nastroje pouzivané pri
praci poskytuji srovnatelné vysledky, pricemZ neuronova si¢’ je mirné méné presna. Pro posouzeni vhodného modelu
a jeho chovani jsou klicové jevy zobrazeny graficky. U neuronové sité je diilezité porovnani predikovanych a realnych
dat. To Ize posoudit pomoci grafu priibéhu optimalizace nebo grafu predikce. Pro posouzeni rozlozeni chyb byl vyuzit
histogram. V ekonomické praxi ve slévarnach mohou byt oba modely pouZity k posouzeni G¢innosti oh/evu a tepelného
zpracovani odlitkiz. Vzhledem k dostatecnée presné predikci je moZzné stanovit spotebu topného plynu pro dany typ
tepelného zpracovani a pro hmotnost vsazky. Model by meél tedy umoziiovat porovnani ekonomickych néklad:i na
tepelné zpracovani ve srovnani s pripadnymi sankcemi za nedodrZeni nasmlouvaného terminu u malokusovych sérii,
kdy na zéklade predikce ceny tepelného zpracovani by mélo byt mozné urcit, které naklady budou vyssi a podle toho pak
zvolit ekonomicky vyhodnejsi /eSent.

Kli¢ové slova: uméla neuronova siz; model; regrese; robustnost

In the metallurgical industry, production costs are an  The heat treatment of castings by annealing, quenching and
important aspect of production. Foundry production, tempering is one of the production stages. For these
especially in the sphere of castings made from nodular  purposes, the heating furnaces are used; in most cases they
iron and grey iron and steel castings, is a demanding are gas-fuelled. The target of foundries is to maximize
production from the point of view of raw material, as well ~ charging of the furnaces with respect to their capacity.
as energies. Since the foundry products usually — except ~ This, in view of the different heat treatment methods,
few cases - are not the end-products but mostly only cannot be always achieved due to the production terms.
components of the final products, in most cases the
margins of manufacturers are low. This means that the
space for flexible production control in terms of order
book is reduced.

In order to assess the heat treatment costs, a request to
create a model for the gas consumption prediction based on
the input parameters of the furnace charge was presented.
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1. Model Parameters

Heat treatment of castings in a heating furnace has
determined the parameters that form simultaneously the
inputs and outputs of the model [1].

The predictors of the model are the following:

e The weight of the charge gives the net weight of the
processed products.

e The cycle length indicates the total heat treatment
time.

o Initial temperature indicates the material temperature
at the time of its putting into the furnace.

e The first rise rate indicates the temperature gradient in
the first phase of heating.

e The first delay temperature indicates the temperature
of the first dwell.

e The first delay time indicates the time of the first
dwell at the temperature.

e The second rise rate indicates the temperature gradient
in the second phase of heating.

e The second delay temperature
temperature of the second dwell

indicates the

e The second delay time indicates the time of second
dwell at the temperature.

e The cooling rate indicates the temperature gradient in
the cooling phase.

e The final temperature indicates the material
temperature at the time of material pulling out from
the furnace.

e Usage specifies the furnace capacity and real input
ratio.

e Tv indicates the length (time) of the firing.

e The gas consumption for the entire processing cycle is
the predicted value.

2. Classical Regression Analysis Methods

For the fast processing of basic regression models,
MATLAB provides a tool of Regression analysis. This
tool collects most of the regression tools that are available
directly from the MATLAB command line. As a very
advantageous tool it seems to be-possible, for the initial
analysis, to turn on all the available regression tools at the
same time, and then, for further processing, to select the
learned model that gives the best results. The method with
the smallest quadratic error was the Gaussian process
regression [2].

Gaussian  process regression (GPR) models are
nonparametric kernel-based probabilistic models. You can
train a GPR model using the fitgpr function.

Consider the training set {(x;,yi);i= 1,2,...,n} here
x; € RYand y; € R, drawn from an unknown distribution.

A GPR model addresses the question of predicting the
value of a response variable y,.., given the new input
Vector x,., and the training data. A linear regression
model has the form y = xTB + &, where £ ~ N(0, 62). The

error variance o2 and the coefficients {8 are estimated from
the data. A GPR model explains the response by
introducing latent variables, f(x_i),i=1,2,...,n, from
a Gaussian process (GP), and explicit basis functions, h.
The covariance function of the latent variables captures
the smoothness of the response and basic functions
project the inputs x into a p-dimensional feature space.
A GP is a set of random variables, such that any finite
number of them has a joint Gaussian distribution.
If {f(x),x € R} is a GP, then given n observations
x_1,x_2,...,x_n, the joint distribution of the random
variables f(x,),f(x,), ..., f(x,) is Gaussian. A GP is
defined by its mean function m(x) and covariance
function, k(x,x"). That is, if {f(x),x € Rd} is a Gaussian
process, then E(f(x)) =m(x) and Cov[f(x),f(x")] =
E[{f(x) - m)Hf(x) — m(x)}] = k(x,x).

Now consider the following model. h(x) T + f(x), where
f(x)~GP (0, k(x,x")), that is f(x) are from a zero mean GP
with covariance function, k(x,x") - h(x) are a set of basis
functions that transform the original feature vecto xin
Rdinto a new feature vector h(x) in RP-fis a p-by-1
vector of basis function coefficients. This model
represents a GPR model. An instance of response y can be
modelled as P(y;|f(x;), x;) ~N(y;|h(x;) "B + f(x;), 02).

Hence, a GPR model is a probabilistic model. There is
a latent variable f(x;) introduced for each observation xi,
which makes the GPR model nonparametric. In vector
form, this model is equivalent to P(y|f,X)~N(y'HB +
f, 6%1).

Fig. 1  Response — Prediction. Source: our own processing
Obr.1 Odezva - Predikce. Zdroj: vlastni zpracovani
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Fig. 2  Prediction, response and error value. Source: our own processing
Obr. 2 Piedpovéd, odezva a hodnota chyb. Zdroj: vlastni zpracovani

The graphically expressed results are shown in Figs. 1
and 2. In Fig. 1 the blue points show the measured values
(gas flow), the orange ones show the predicted results,
and the connectors express the errors. Fig.2 shows
a graph of dependence of the real and predicted values for
each gas flow value. The reached value of square sum
root of errors RMSE = 303.75.

3. Use of a Neural Network for Used Gas
Prediction

The artificial neural network (ANN) can be considered as
a useful tool for creation of the model. In this case we are
not able to formulate an analytical model of behaviour,
especially due to the lack of the knowledge of the whole
technological node [3].

Fig. 3 ANN performance for each epoch. Source: our own processing
Obr. 3 Vykon ANN pro kazdou epochu. Zdroj: vlastni zpracovani

Fig. 3 shows the dependences of the actual and predicted
values for the training, validation, testing and summary
sets. The obtained determination coefficient values are for
the training set R=0.98452 and for the test set
R =0.95762. As the sizes of the determination coefficient
for those sets differ only in the hundredths, we can say
that the resulting neural network will provide reliable
predictions of gas consumption.

On the basis of histogram graph of errors as per Fig. 4, it
can be stated that more than 500 instances have
a prediction error less than or equal to -21.162 m® of gas.

Fig. 4  Error histogram with 20 bins. Source: our own processing
Obr. 4 Histogram chyb pro 20 kategorii. Zdroj: vlastni zpracovani

Fig.5 shows that the network was trained during
18 periods, with the best performance achieved in the 13"
stage. The value of the mean quadratic error was
MSE = 162448 and therefore its square root value
RMSE = 403.
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Fig.5 Response — Prediction for ANN. Source: our own processing
Obr.5 Odezva — Predikce pro ANN. Zdroj: vlastni zpracovani

Conclusions

MATLAB's environment includes a wide variety of
modelling tools. From the text above it is clear that both
tools that were used at the work give comparable results;
the neural network is slightly less accurate [4]. From a
practical point of view, both models can be exported and
used in economic practice in foundries for the assessment
of efficiency of the heating and heat treatment of castings.
Due to the sufficiently accurate prediction it is possible to
determine the heating gas consumption for the given type
of heat processing and of the charge weight. In this way
the costs of heat processing for small batches (for time
reasons) with penalty costs for non-compliance of
delivery terms can be compared and then the
economically more efficient way can be chosen [5].
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Present Approaches to the Analysis of Repeatability and Reproducibility of the
Measurement Systems

Sucasne pristupy k analyze opakovatePnosti a reprodukovatePnosti systémov
merania

Ing. Pavlina Mikulova; prof. Ing. Ji¥i Plura, CSc.

VSB — Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Quality
Management, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

The paper presents basics of measurement system analysis (MSA) that plays an important role in helping organizations
to improve their product quality. The aim of the paper is to map the current situation of this field, on which the attention
has been focused on during the recent years and, on the contrary, on which the attention should be focused on for the
future. The first part gives an insight into the MSA terminology and measurement system properties. Other parts
describe the methods used by the GRR analysis, and then, analyse and compare each other. The A&R and ANOVA
methods recommended by the AIAG manual are analysed, compared with the approach of evaluating the measurement
process (EMP I11) by D. J. Wheeler. Furthermore, areas that require further development are introduced. Specifically,
these are non-replicable and multivariate measurement systems. In these cases, it is necessary to proceed in a different
way since these measurement systems are affected by a number of other factors. As a conclusion, the work introduces
the suitability of using the presented methods in different situations and outlines the areas that deserve further
development.

Key words: quality; measurement system; repeatability; reproducibility

Clanok predstavuje zaklady analyzy systému merania (MSA), ktorej vyznamnou Glohou je zlep$ovanie kvality vyrobkov
v organizaciach, a jej stcasné, pripadne bududce vyuZitie. Nizka kvalita dat vedie k malému, resp. Ziadnemu prinosu.
Naopak vysoko kvalitné data mézu mar velky prinos pre celkovy proces ¢i findlneho zékaznika. Aby sa zaistil
dostatocny prinos ziskany z pouzitia nameranych dat, a znizili sa tak naklady na jeho dosiahnutie, je treba sa zameras
prave na kvalitu tychto dat. Kvalitu nameranych déat je moZné vyhodnotiz na zaklade nasobnych merani ziskanych zo
systémov merani, ktoré pracuju za stabilnych podmienok. Jednym z najbeZnejSich dévodov vzniku dat nizkej kvality je
ich prili$ vel/ka variabilita. Ucelom MSA je teda urcis rozsah pozorovanej variability spdsobenej systémom merania
a identifikovar zdroje premenlivosti v tomto systéme. NajbeznejSou Stidiou v MSA na vyhodnotenie Statistickych zmien
v procese merania je analyza opakovate/nosti a reprodukovate/nosti (GRR analyza). Cie/om prace je zmapovar
aktualne dianie v tejto oblasti, a naopak, kde by mohla by# sistredena pozornoss do buddcna. Prva cast’ poskytuje
prehZad o terminol6gii MSA a vlastnostiach systému merania. DalSie casti popisuju metody, ktoré GRR analyza
pouziva, a nasledne st analyzované a porovnané. Analyzované st metddy priemeru a rozpatia (A&R) a analyza
rozptylu (ANOVA) odporucané priruckou AIAG, a porovnané su s pristupom hodnotenia procesu merania (EMP 111)
pod/a D. J. Wheelera. Vysledkom je rada rozdielov, ktoré pristup EMP 1l pondka, ako napr. nové hodnotiace kritérium
ICC (triedny koeficient korelacie), metriky pocitané na zaklade rozptylu, kategorizacia systému merania do Styroch
tried, atlm signalov zmien procesu, ktoré st degradované chybou merania. Zaver prace predstavi vhodnost vyuZitia
predstavenych metod v roznych situaciach. Dalej na zaklade zmapovania stcasného diania MSA st nacrtnuté oblasti,
ktoré si zaslUZia dalsi vyvoj. Konkrétne sa jednd o systémy nereplikovate/nych merani alebo systémy merania
viacrozmernych premennych, kde je nutné postupovar’ inym spdsobom, nakoZko tieto systémy merania ovplyvsiuje rada
dalSich faktorov. V slvislosti s systémom nereplikovate/hych merani sa jedna o deStrukciu alebo porusenie skisaného
dielu vplyvom skusky, ¢o vedie k pouzitiu dalSich pristupov. S vyvijajlicou sa vyrobnou technoldgiou a systémov
merania viacrozmernych premennych sa vyrobky stavaju stale sofistikovanejSimi sviac ako jednou kvalitativnou
vlastnosrou. A teda, s vyuZitim klasického postupu GRR analyzy a zvySujdcim sa poctom premennych merania moze
dojst’ ku skresleniu hodnét. Preto je nevyhnutné vykonavar viacrozmernd GRR analyzu pre systémy merania
s viacrozmernymi premennymi. VysSie spomenuté metddy a ich modifikacie mdzu byz vyzvou pre buduci vyskum.

Kli¢ové slova: kvalita; systém merania; opakovate/nost; reprodukovate/hos?
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Nowadays manufacturing companies gather an extensive
amount of information through measurement and
inspection. On the basis of these data they make important
decisions about product quality and process control.
Logically, it is very important to know what is the quality
of the measured data. Answers to this question are
provided by analyses of the measurement system. For the
companies, which are suppliers of automotive industry,
the processing of these analyses is one of the
requirements of the quality management system defined
in standard IATF 16949 [1].

The measurement system is a collection of instruments or
gages, standards, operations, methods, fixtures, software,
personnel, environment and assumptions used to quantify
a unit of measure or fix an assessment to the feature
characteristic being measured [2]. The Measurement
System Analysis (MSA) can be defined as an
experimental and statistical method for determining the
amount of variations that exist within a measurement
process. The following data should be reviewed: the
measurement data being collected, the methods and tools
used to collect and record the data [3]. The four issues
regarding the measurement system are important [4]:

— readability including the smallest readable unit,
measurement resolution, scale limit, or detection limit,

— effective resolution which is the sensitivity of a
measurement system when process variation for a
particular application,

— reference value which is the accepted value of an
artifact and it requires an operational definition used as
the surrogate for the true value,

— true value which is an unknown and untraceable actual
value of an artifact.

Variation in the measurement process can contribute to
the overall process variability. Reliable data can prevent
wasted time, labour and scrap in a manufacturing process.
An ineffective measurement system can allow acceptation
of bad parts and rejection of good parts, resulting in
dissatisfied customers and excessive scrap.

1. Properties of the measurement system

Knowledge of measurement systems properties is very
important in assessing the conformity of products. The
conformity or nonconformity of a product can be clearly
confirmed only if the entire interval of measurement
uncertainty lies within or outside the tolerance. If the
uncertainty interval includes a tolerance limit, the
compliance test result is inconclusive [5]. Let us suppose
that we would use four different products with values near
the lower limits of tolerance to make a set of repeated
measurements and we would present the distribution of
the measured values using the Gaussian curve (Fig. 1).

The individual situations should be interpreted as follows:

— situation A: nonconformity with the requirements is
guaranteed

— situations B and C: the result of the conformity test is
inconclusive

— situation D: conformity with the requirements is
guaranteed.

Fig. 1  Various situations of distribution of the repeated measurements
of the monitored characteristic [6]
Rozne pripady rozdelenia opakovanych merani sledovaného

znaku [6]

Obr. 1

The figure clearly shows that the increased variability of
the measurement system significantly narrows the interval
of values, in which the product conformity with the
requirements is guaranteed. In an extreme case, where the
variability of measurements is higher than width of the
tolerance, the conformity with the requirements would not
be guaranteed for any product.

The properties of measurement can be divided in principle
to location variation, width variation and system variation
including capability, performance and uncertainty. The
location variation includes bias, stability and linearity.
Bias is equal to the difference between the observed aver-
age of measurements and the reference value. Stability
(drift) is the change in bias over time. Linearity is the
change in bias over the normal operating range. The width
variation describes the properties such as precision,
repeatability, reproducibility, GRR, sensitivity, consisten-
cy and uniformity. Precision is a proximity of repeated
readings to each other or a random error component of the
measurement system. Repeatability is a variation in the
measurements obtained with one measuring device when
used several times by an appraiser while measuring the
identical characteristic on the same part, commonly re-
ferred to as Equipment Variation (EV). Reproducibility is
a variation in the average of the measurements made by
different appraisers using the same gage when measuring
a characteristic on one part, commonly referred to as
Appraiser Variation (AV). GRR means gage repeatability
and reproducibility that is the combined estimate of the
measurement system repeatability and reproducibility.
Sensitivity is defined as the smallest input that results in a
detectable output signal. Consistency is the degree of
repeatability change over time. Uniformity means a
change in repeatability over the normal operating range,
in other words it is homogeneity of repeatability [2]. GRR
analysis is the most common study in MSA used to
evaluate the variations in the measurement process [7].
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2. Methods of GRR analyses

Comprehensive GRR study can be performed by using
one of the following techniques:

— A&R method (Average and Range method),
— ANOVA (Analysis of Variance),
— EMP Il (Evaluating the Measurement Process).

Repeatability and reproducibility evaluation is performed
on the basis of a measurement of a set of products repre-
senting the production range by different operators, or
under various conditions corresponding to the practical
application of the measurement system. The MSA
methodology [2] describes A&R method and ANOVA
method. They require that at least ten products must be
measured and each operator measures each product sam-
ple at least twice. In order to obtain objective results, the
measurements should be in random order and the study
should include all operators who will perform the
measurements.

The evaluation of repeatability and reproducibility of
measurement system uses not only numerical calculations
but also graphical tools. Range control chart is very
important for verification whether the measurement
process is in control in terms of the variability of repeated
measurements. This verification should be performed at
the beginning of the analysis and it may indicate the
wrong approach of any of the operators or the excessive
sensitivity of the measurement system. Also, the average
control chart provides important information for
comparison of measurements of individual operators and
for evaluating the suitability of the measurement system
in assessing variability of the product samples.

Numerical evaluation varies according to the method
used. A&R method, the most commonly used in practice,
estimates the repeatability on the basis of average range
of repeated measurements of all samples by all operators
and the reproducibility on the basis of the range of the
averages of all measurements by the individual operators.
Its main advantage is a clear process of evaluation,
allowing processing in a spreadsheet, such as Excel. The
ANOVA method already requires more complex
calculations, and it is therefore mostly applied with use of
suitable software. Its main advantage is the ability to
identify another possible component of the measurement
system variability, interactions between the operators and
samples. Although these interactions are not very
common in practice, they can significantly affect the
results of the analysis [8].

The decisive criteria for assessing the acceptability of a
measurement system are the percentage of repeatability
and reproducibility from the total variation (%GRR) and
the number of distinct categories (ndc) that are calculated
according to the equations (1) and (2). The measurement
system is judged to be entirely acceptable if the %GRR
does not exceed 10 % and the ndc is at least 5.

%GRR = - 100 1)

ndc = 141 - 2100 )
GRR

where GRR is combined repeatability and reproducibility
of measurement system, TV is total variation and PV is
part variation.

The information value of repeatability and reproducibility
analyses of the measurement systems can be further
improved. Other graphical analysis tools can be applied,
for example to evaluate, whether the selected samples
evenly cover the production range, to compare the
measurements of each operator in detail, to detect any
outliers or to evaluate some other properties of the
measurement system. Better confidence of GRR analysis
results can be achieved by increasing the number of the
measured samples or trials. It was found that more
significant narrowing of the %GRR confidence interval
can be achieved by increasing the number of trials [9].

3. Evaluating the Measurement Process

Donald J. Wheeler, an expert in statistical process control,
introduces a new approach of evaluating the measurement
process (EMP) [10]. The procedure of the analysis is
corresponding to the A&R method, but final evaluation of
results is different. D. J. Wheeler and D. S. Ermer point
out the statistical errors of the AIAG approach, the most
significant of which is the use of ratios based on the
standard deviation. Wheeler introduces a number of
notable differences:

— metrics based on the variance o2 instead of the standard
deviation,

— intra-class correlation coefficient (ICC),

— monitor classes which classify the measurement
system into one of the four groups,

— probable error, which provides an
characterization of the measurement error,

— process signal attenuation, which estimates the
percentage, by which the information provided by the
process variation is degraded by the measurement
variation.

absolute

A proper understanding of probable error and the intra-
class correlation coefficient will allow us to quantify the
uncertainty in the measurements and to know when the
ability to use the measurements has been compromised
[10]. D. J. Wheeler classifies the measurement system as
the first, second, third or fourth class monitor based on the
intra-class correlation coefficient. ICC is the ratio of the
part variance (PV )? to the total variance (TV)?

PV)?
ICC = % 3)
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The AIAG guideline [2] says about a measurement
system acceptability that if variability of the measurement
system is too high, it is an unacceptable measurement
system and it must be rejected. However, D. J. Wheeler
claims that an unacceptable measurement system
(according to the AIAG conditions — Tab. 1) is still able
to detect the points out of control. And this is the main
purpose of the intra-class correlation coefficient value that

indicates the relative usefulness of the measurement
system. The EMP results are interpreted by four
categories, which give an insight into the measurement
system: firstly, how it can reduce the strength of a signal
(point out of control) on a control chart, secondly, give
the chance to the measurement system to detect a large
shift, and thirdly, make it possible to track process
improvements (see Tab. 1) [11, 12].

Tab.l Characterization and comparison of evaluative criteria
Tab.1 Charakteristika a porovnanie hodnotiacich kritérii
EMP 111 AIAG
Chance of -
. - Ability to track %GRR
ICC Tyr?qeog;‘tglfss Aﬁgecrlg:lglio :glf de;te(;:tlenr?’:fc process Classification| (Corresponding | Classification
P 9 v improvements ICC)
shift
0to 10
Less than | More than (0.99- 1) Acceptable
08-1.0 First class 10 % 99 % with the Up to Cp80 Acceptable —
° rule 1 10t0 30 Conditionally
(0.91-0.99) acceptable
From More than
- 0, i
0.5-0.8 | Second class 10 0 30 % 88 % with the Up to Cp50 Acceptable
rule 1
More than > 30
0.2-0.5 | Thirdclass From 91 % with the Up toCp20 Acceptable (<0.91) Unacceptable
30to 55 %
rules 1, 2, 3,4
More than Rapidly
0.0-0.2 | Fourth class 55 0% vanishing Unable to track | Unacceptable

According to D. J. Wheeler the measurement systems
belonging to the second or third class monitor can still be
considered to be applicable, even thought, according to
the AIAG approach it is decidedly unacceptable and must
be rejected. Hence, EMP 111 is recommended to be used
for detecting the process changes (to detect the out of
control points in control chart and to indicate process
improvement). It is very interesting, but it is applicable
only for the cases when the measurement system is used
for process monitoring. For the measurement systems,
which are used for decision making about products
conformity, the EMP 111 criteria cannot be applied.

4. Non-replicable measurement systems

Not all measurements can be replicated for each part. It is
the case of destructive measurement systems or systems
where the part changes during use/testing. Regarding the
destructive measurement systems, when the measured
part is destroyed by the act of measuring, the process is
called destructive measurement. This includes for
example destructive weld testing, destructive plating
testing, salt spray/humidity booth testing, impact testing
or mass spectroscopy and other processes for testing the
material characteristic [4].

10

In the systems where the part changes during use/testing,
there are also non-replicable systems where the part is not
harmed by the measurement process, but the characteristic
being measured will change, for example leak tests with
qualitative data, testing using engine test stands,
transmission test stands, vehicle dynamometers, etc.
Analysis of these systems will depend on whether
a homogeneous set of parts (small variation between
parts) can be found to represent a single part; the shelf life
of the characteristic is known and it extends beyond the
expected duration of the study — i.e. whether the measured
characteristic does not change over the expected period of
use, and whether the dynamic properties can be stabilized.

The measurements of individual parts are not replicated
so the study can be used with destructive and non-
replicable measurement system. It assumes that the shelf
life of the characteristic is known and that it extends
beyond the expected duration of the study, the specimens
cover the expected range of the process variation of the
characteristic property and the measurement system
linearity is documented over the expected range of the
characteristic. Total variance is equal to the process
variance and that of the measurement system. The
following are several approaches that are used for
conducting the non-replicable measurement system [13]:
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Split samples: The parts or material collected to
represent one part are split or sub-divided into smaller
units. The smaller units are used for the repeated trials
and between operator trials.

Consecutive samples: Consecutive parts are used to
represent one part for the repeat trials and between
operator trials. These are used when the parts cannot be
sub-divided and consecutive parts can be reasonably
expected to be homogeneous, such as it would occur in
an auto-correlated process.

Regression approach: The change in the characteristic
over time or activity is known and has a defined
relationship (e.g., shrinkage of plastic parts). The
subsequent measurements are adjusted using this
relationship and then analysed.

Stabilized parts: Parts or systems are stabilized before
measuring. This stabilization will depend on the
product and characteristic. Some systems would be on
some time disturbed (destabilized) compared to such
systems that have been quite newly installed. Some
characteristics may stabilize when pre-tested for
a number of times.

The analysis of a non-replicable MSA is different. Some
statistical software packages, such as Minitab, have an
option for a Nested GRR devoted just to the non-
replicable measurement systems. If this is not available, it
is possible to use the Nested ANOVA option [13].

5. Multivariate measurement system analysis

Traditional MSA considers only a single quality
characteristic. With the advent of modern technology,
industrial products have become very sophisticated with
more than one quality characteristic. Thus, it becomes
necessary to perform multivariate GRR (MGRR) analysis
for multivariate measurement system when collecting data
with multiple responses [14]. If the data include
correlated variables, analysts could be misled if they use
univariate techniques. After all, the variables jointly affect
the process. For instance, if analysts employ separate
univariate control charts to track a multivariate situation,
they will face a Type | error. The distortion of the values
increases with the number of measurement variables [5].

When performing multivariate MSA for multivariate
measurement systems, the optimal allocation of several
parameters, such as the number of quality characteristics,
sample size of parts, number of operators and replicated
measurements, have not been considered in the
multivariate GRR study either. As the total number of
measurements increases, the estimated total variation
becomes more precise, but the related inspection time and
costs will be increased as well. Finding the right balance
between the precision of the measurement system while
still maintaining cost-effectiveness in determining the
optimal allocation of parameters for correlated quality
characteristics becomes an important issue in practical
applications. The two parameters (number of samples and
a total number of measurements) significantly affect the
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expected length of confidence interval. In order to
determine whether the accuracy of a measurement system
is adequate or not, we calculate it according to the
equations in [15].

For conducting future MGRR study of the multivariate
measurement system with three quality characteristics it is
recommended, at first, to decide the gauges for
measurement and the specifications of multiple quality
characteristics; to determine the optimal allocation of the
measurement parameters; to perform actual measurements
and collect data for multivariate quality characteristics;
to perform Mardia test to check the multivariate normality
of the collected data and estimate the revised total variation
of the measuring process by performing MANOVA
(Multivariate Analysis of Variance); to evaluate the
adequacy of multivariate measurement system based on the
revised total variation. The precision of a multivariate
measurement system is achieved with the required total
number of measurements and its associated optimal
allocation of parameters under three different scenarios [5].

Future researches may consider other numbers of multiple
quality characteristics besides v = 3 and further extending
the simulation and discussions from random-effect to
mixed-effect MANOVA models in case that the number
of operators is fixed. The other approval criteria, such as
%GRR, number of distinct categories (ndc) need to be
further explored when performing the MGRR analysis for
correlated quality characteristics [16].

Conclusions

The aim of the article has been to highlight the
importance of MSA and to analyse selected trends of
current development in this field. It is important to
perceive that the quality of the measured data is not
determined only by usually calibrated measuring device
itself, but also by the entire measurement system
including a number of different factors. The suitability of
the measurement systems is evaluated on the basis of
a number of properties. Repeatability and reproducibility
of the measurement system is being evaluated the most
frequently. Current developments in the field of GRR
analysis offer different approaches (A&R method,
ANOVA, EMP and their modifications) and a number of
possibilities to improve the evaluation objectivity.
For some specific measurement systems, such as
non-replicable or multivariate measurement systems,
specific analytical procedures are developed. As
a conclusion, the work introduces the suitability of using
the presented methods in different situations and outlines
the areas that deserve further development.
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25. vyroéi Ceské koksarenské spoleénosti

V roce 1993 byla nad3enci v oboru koksarenstvi zalozena Ceska koksarenska spolenost, z.s. (CKS). Svou &innosti
navazala na pasobeni byvalé kokséarenské sekce CSVTS. Dne 8. 6. 2018 CKS oslavila svou 25letou existenci plenarnim
shromazdénim ¢lena. CKS ma dnes 150 individualnich ¢lent, 14 &lena — tuzemskych pravnickych osob a 6 zahra-
ni¢nich ¢lend — pravnickych osob. Pro své ¢leny i ostatni zajemce provadi servis a pomaha zajistovat vzdélavani
v oboru koksarenstvi formou seminaiti a konferenci, zprostiedkovava publikovani nejnovéjSich poznatkt a provoznich
zkuSenosti, porada zajimavé exkurze v domécich provozech i v zahraniéi, a to nejen na koksovnach, ale i v zavodech se

souvisejicimi a navazujicimi obory.

Plenarni shromazdeni se uskuteénilo v reprezentacnich prostorach kulturniho domu Akord v Ostravé-Zabiehu. Mélo
slavnostni i d&lnou atmosféru. Pro dal$i obdobi si CKS zvolila nové funkcionaie ve vykonné radé a revizni komisi,
usnesla se na novém rozpodtu pro svou &innost a na ramcové, vécné naplni ¢innosti. Na plenarnim shromazdéni CKS
ocenila tfi své zaslouZzilé pracovniky. Plenarniho shromazdeni se zlcastnili i zakladajici ¢lenové, kteti stejné jako dalSi
Gcastnici diskuse prispéli fadou podnétnych navrha k ¢innosti spole¢nosti. Pohled do jednaciho salu ukazal, Ze zajem
o &lenstvi a ¢innost v CKS stéle trva a Ze ¢innost CKS vhodnou formou dopliuje odborné vyziti svych &lend v jejich
pracovnim zatazeni v zavodech a organizacich, kde jsou zamé&stnani. To, Ze ze 150 individualnich ¢lend je 40 ¢lent jiz
v dachodu, Ize spatiovat jako pozitivni znak jeji ¢innosti. Z toho je totiZ vidét, Ze CKS jednak nezapomina na pracov-
niky, ktefi jiz odesli z pravidelného pracovniho procesu, a dava jim moznost spole¢enského uplatnéni, jednak dovede
vyuZzit jejich neocenitelné zkuSenosti a znalosti ziskané dlouhodobou praci v oboru koksarenstvi.

—red. —

12



Hutnické listy ¢. 3/2018, ro¢. LXXI Recenzované vyzkumné ¢lanky
ISSN 0018-8069 Peer-reviewed Research Papers

Application of Activity Based Costing Metod in Heat Treatment Processes

Aplikace metody Aktivity Based Costing v procesech tepelného zpracovani

Ing. Petr Balon; prof. Ing. Jana Buchtova, CSc.; Ing. Andrea Suskova

VSB - Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Economics and
Management in Metallurgy, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

The paper describes an implementation of the Activity Based Costing application in a selected metallurgical enterprise
which operates heat treatment processes of metallic materials. Activity Based Costing (abbr. ABC method) principle is
different from the traditional approach of costing methods because it allocates consumed resources to the particular
activities in order to achieve distribution of overheads according to real causality of their origin. These activities
consume resources and at the same time, they are consumed by cost objects themselves. The analysis of the activities
defines cost drivers, which make it possible to express a causal relation among consumed resources and cost objects.
Activity-Based Costing assumes that the cause of costs is the activities, not the products directly. The goal of this paper
is a description of Activity Based Costing application for costs evaluation in the case of heat treatment processes.
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Trend postupujici celosvetové globalizace zpuisobuije, Ze vyrobni podniky jsou pod stale vétSim konkurenchim tlakem a
museji budovat svoji konkurenéni vyhodu prostrednictvim inovaci transformachich proces:, rozvoje lidského kapitalu
nebo investic do novych technologii. Je ziejmé, Ze na tuto situaci by mely podniky reagovat i prostiednictvim
disledného 7izeni svych nékladi. VetSina pramyslovych podnikii tuto pot/ebu vnima, av3ak v obdobi zmen
reprezentovanych ctvrtou prizmyslovou revoluci si jiz nevystaci s tzv. tradichimi metodami rizeni naklad:z. Je nezbytné
vyuzivat takové metody rizeni, které drzi krok s dynamicky se vyvijejicim ekonomickym prost/edim. V oblasti rizeni
naklad: by tak neméla zistat stranou metoda, ktera je sice teoreticky jiz dostatecné propracovana, ale v praxi, zejména
tuzemskych podnikii, je stale ponekud opomijena. Touto metodou je ABC (Activity-based Costing). Predkladany
prispévek je vénovan popisu implementace metody ABC ve vybraném provozu tepelného zpracovani. Tato implementace
plné respektuje princip metody, ktery je odliSny od tradichiho pristupu kalkulachich metod, nebo# rozdéluje
spotiebované zdroje na tzv. aktivity s cilem dosahnout rozvrzeni reZijnich nékladii podle skutecné pricinnosti jejich
vzniku. Aktivity podniku na jedné strané spotiebovavaji zdroje a na druhé strané jsou spotrebovavany nakladovymi
objekty. Analyzou podnikovych aktivit jsou definovany vztahové veliciny, které umoziuji vyjadrit pricinny vztah mezi
spotiebovavanymi zdroji a nékladovymi objekty. Metoda ABC tak predpokladd, Ze pricinou vzniku néklad:i jsou
¢innosti, nikoli p/imo produkty. Cilem predkladaného prispévku je popsat jednotlivé kroky praktické aplikace metody
ABC pro Ucely hodnoceni nakladovosti proces: tepelného zpracovani kovovych materialz.

Kli¢ova slova: tepelné zpracovani; metoda ABC; aktivita; vztahova velicina; nakladovy objekt

ABC is a relatively new method of cost control that economic environment. The current business environment
originated in the United States. American authors Kaplan is characterized by an excess of supply over demand (for
and Cooper, who presented this method in a research most markets), shortening of product lifetime, a wide
paper titled "Measure Costs Right: Make the Right range of offered products, use of different distribution
Decisions" [1] in 1988, are considered to be its founders.  channels and effort to provide a wide range of additional
An important role in defining and stabilizing principles  services to the customers. This dynamic development of
and increasing awareness of ABC was played by an  business environment has had a significant impact on
American institution, Consortium for Advanced companies' cost structures over past decades. The
Management — International (CAM-I), which defines the  proportion of overheads needed for providing support,
ABC method as "methodology that measures costs and  service, information, control and other activities increases
performance of activities, resources and cost objects. particularly. The above mentioned changes taking place in
Resources are assigned to activities and activities are  the business sector and therefore in the costs structures of
assigned to cost objects based on their use. ABC companies generated criticism of the traditional approach,
recognizes causal relationships among resource  which was primarily based on an effort to manage (and
consumption, activities and cost objects.” [2] As well as  thus calculate) the cost of final outputs and gradually led
many other economic instruments and methods, the ABC  to a primary focus on the costs of realized activities,
method also originated as a reaction to changes in actions and process as a whole. [3] The creation and

13



Recenzované vyzkumné ¢lanky
Peer-reviewed Research Papers

Hutnické listy ¢. 3/2018, ro¢. LXXI
ISSN 0018-8069

gradual application of ABC method is also due to
growing demands on company costing systems because
the pressure on quality and structure of information for
managerial decision-making processes increases. The
company managers often try to find out which products
are profitable and which ones are unprofitable, whether
individual company activities are carried out efficiently
and how much company really pays for these activities.
The reasons highlighted above indicate that traditional
costing methods and procedures are not able to deal with
the nature of relationships between costs and outputs in
all its complexity. Activity Based Costing is a method
which should be able to do this.

1. Application of the ABC method in heat
treatment pro cesses

The ABC method consists in the fact that it does not
divide resources among in-house centres, but among
activities in order to achieve overheads distribution based
on the real cause of their origin. "The application starts
with division of company activities into partial activities
(e.g. material ordering, receiving and delivering,
transporting and storing, production equipment adjusting,
quality control, in-house transport, product packaging and
expedition etc.) focusing primarily on areas, where
overheads arise. It examines which costs are generated by
the activities and tests their necessity. The relations which
generate costs are called cost drivers (e.g. the number of
orders or invoices, the number of suppliers, the number of
customers, hours of machine work, the number of
inspections etc.). The costs related to an activity are
allocated to outputs (i.e. goods or services), i.e. individual
customers as unit costs." [4] In practice, this procedure
has been proven to be an appropriate way to eliminate the
generalization of costs in various simplified allocation
methods. The process of ABC application can be
summarized into the following steps [5, 6]:

a) In the first step, an economic resource (i.e. indirect
cost) is assigned to individual activities based on the
resource cost driver, which defines the way of
recalculating costs from accounting onto individual
defined activities.

In the second step, the total costs of individual
activities are determined, the activity cost driver is
defined and the unit cost of activity is determined as
well.

In the third step, the cost object (i.e. an output, a
service, a customer etc.) is determined based on costs
per activity unit and volume of the units that cost
object consumes.

An activity represents a fundamental element of the
business process, which can be defined at least in terms of
costs that need to be expended in connection with its
realization, but also in terms of measurable output
resulting from this activity. [3] Activities can be divided
into activities adding some value to product (i.e. primary
activities) and those once which do not add any value to

b)
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product (i.e. supporting activities). Supporting activities
(i.e. secondary activities) are carried out for internal needs
and support primary activities in company. It is usually
not possible to define any relation between their
consumption and cost objects. Therefore they are not
allocated directly to a cost object, but only to primary
activities. Then costs of individual activities are assigned
to defined cost object. Cost objects are any objects to
which costs can be allocated. This includes not only
products and services, but also for example customers,
divisions, departments, product groups, production lines,
manufacturing processes etc. So called activity cost
drivers are defined by analysing business activities; they
allow to express a causal relation among consumed
resources and cost objects. ABC assumes that the cause of
generating costs is activities, not directly products.

1.1 Five steps of the ABC method practical application

The ABC method was applied under conditions of a
hardening shop in a selected industrial plant which
manufactures agricultural machines. The main processes
of heat treatment realized by this hardening shop include
carburizing, quenching, carbonitriding, tempering and
annealing. The above listed processes are realized by
using continuous carburizing and quenching line,
multipurpose furnace, a few tempering chamber furnaces,
vacuum furnace, annealing furnace, a few induction
guenching machines and press quenching machine. The
main heat treated products include the components of
gearboxes and engines, especially various types of gears
and shafts. In accordance with theory represented by
many authors [2, 3, 5, 6, 7, 8, 9, 10] the following steps
were defined for a successful implementation of the ABC
method in the selected hardening shop.

The Modification of accounting data

The goal of this stage was to determine only the real
economic costs related to currently performed activities.
First, it was necessary to exclude costs which are not
related to these activities or do not correspond to currently
spent resources and therefore their allocation would be
difficult and distorting. For example, such costs include
exchange rate differences, adjusting items, reserves, gifts,
inventory differences etc. It was also decided to exclude
costs which can be considered as an investment from an
economic point of view as they are rather considered to be
future long-term benefits (e.g. advertising costs or
development and education costs). On the other hand,
there were also costs included into ABC calculation
which are not recorded in financial accounting — so called
opportunity costs.

Activities and cost objects identification

In this follow-up phase of the ABC implementation, it
was necessary to identify the structure of activities and
cost objects which were monitored in the calculation. The
reason for determining cost objects already in this
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moment is the fact that appropriately defined cost object
has a positive impact on creating the structure of
activities. Activities of the hardening shop were identified
based on the types of heat treatment performed in the
selected enterprise. The basis of activity structure creation
was a detailed analysis of the hardening workplaces, the
used technologies, the logistics flows and the human
work. The aim of this analysis was to describe the mutual
connection of single heat treatment processes, sub-
processes, material flows and work organization in all
workplaces. Based on obtained findings, a proposal of

activity structure was made. This proposal was further
specified by leading interviews with the production
director, the hardening shop supervisor, a heat treatment
engineer and all the involved heart treatment operators.
Additional specification was done by using a detailed
analysis of available production data. Based on the above
defined steps, primary activities, which represent cost-
important activities performed within the hardening shop,
were defined in the first stage. Activity structures can
have the following form (Tab. 1).

Tab.1 Example of primary activity structure in the selected hardening shop. Source: own
Tab.1 Piiklad struktury primérnich aktivit konkrétniho provozu kalirny. Zdroj: vlastni

PRIMARY ACTIVITY STRUCTURE

Workshop Code | Activity Code Activity Name

Activity Description

2610 1710

AICHELIN KSGS / carburizing

Carburizing and guenching in continuous furnace.

1111 Handling and handwork

Servicing activities taking place within hardening shop.

The above described process was used to identify 15
primary activities, which correspond to individual heat
treatment processes as well as finishing and service
processes such as blasting, degreasing or handling and
handwork. The possibility of obtaining relevant data from
the existing company information systems, their regular
updating and using in the ABC system was taken into
account during practical application of ABC. The
individual activities were assigned numerous codes,
mainly because of the possibility of further expansion of
the ABC calculation within production department in the
selected company (i.e. within other in-house centres). The
workshop code is based on an internal designation of
individual centres in the selected company, activity codes
then correspond to internal designations of workplaces.
An important element of creating activities structure is
also a detailed description of activities because a precise
definition of their content simplifies the following phases
of ABC application, mainly cost allocation. Only the
relevant groups of costs (i.e. volume significant group of
costs) should correspond to the activities. For this reason,
all servicing activities performed within the selected
centre were united in an activity no. 1111 Handling and
handwork. In this initial phase of the ABC method
implementation, a structure of so-called supporting
activities was defined too. There were 10 supporting
activities identified in total. Among these supporting
activities were included activities supporting purchasing
raw-materials, technological preparation of production,
production itself such as quality control and maintenance,
production administration activities or certain form of
opportunity costs (i.e. so-called costing rent). The
definition of the supporting activity structure was
processed in accordance to the above described procedure
of defining primary activities. In order to understand
interrelations of all the activities, their illustration was
designed by using an activity diagram. This visualization
of all activities being processed in the selected company
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centre was very useful in following steps of the ABC
method implementation. Cost object, which represents an
object of consumption of individual activities outputs,
was also defined in this phase. In accordance to company
management requirement, the cost object was defined as
one kilogram of heat treated material. The identification
of activities, cost objects and individual links among them
may be considered as a definition of ABC structure.

Allocating costs to activities

For the purpose of assigning costs to activities (i.e.
valuation of activities), all cost types were divided into
direct and indirect costs. Indirect costs were under higher
focus in the following application of ABC, whereas direct
costs were allocated to cost object within the last phase of
method implementation. The transformation of individual
indirect costs items from accounting and their allocation
to the defined activities were done by using so-called
Activity Cost Matrix, which clearly presents all links
among cost items and activities. While creating the cost
matrix of primary activities, the costs associated in
different groups of cost types were divided based on the
identified links to individual activities, which generated
their origin. To identify these links, both so-called
Resource Cost Drivers (RCD) and a specific form of
direct allocation were used. RCD used was a time analysis
of performance, a direct allocation, units of measure and
a qualified estimation. A specific example of used RCD is
the number of workers assigned to individual activities,
which served for dividing personnel costs. The direct
allocation of costs to primary activities was used for
example in the case of allocation of depreciation of spring
stabilizer used in connection to the press quenching
machine. It resulted in quantification of real costs
associated with primary activities outputs. The cost matrix
of primary activities had the following structure (Tab. 2).
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Tab.2 Example of cost matrix used for primary activities. Source: own
Tab.2 Piiklad matice nakladt primarnich aktivit. Zdroj: vlastni

PRIMARY ACTIVITY COST MATRIX

Activity . Material | Energy |Repairsand [Personnel Other
Code Activity Name CONS | CONS | Maint. | Costs | PEPN | costs | 'O
1710 AICHELIN KSGS / carburizing | ... CZK .. CZK .. CZK .. CZK .. CZK .. CZK .. CZK
1111 Handling and handwork ..CZK ..CZK ..CZK ..CZK ..CZK ..CZK ..CzZK
TOTAL .. CZK .. CZK .. CZK .. CZK .. CZK .. CZK .. CZK

The nature of activities does not allow to allocate sup-
porting activities directly to cost objects. In order to meet
the allocation principle of causality it is necessary to allo-
cate the costs of support activities to primary activities in
the first step and then to allocate costs of primary activi-
ties to cost objects. The transformation of individual indi-
rect cost items from accounting and their allocation to the
supporting activities were done by using a so-called
Supporting Activity Cost Matrix, which clearly presents
all the links among primary and supporting activities. The
costs associated in different groups of supporting activity
costs were divided based on the identified links to indi-
vidual activities, which generated their origin. Resource
Cost Drivers (RCD) were used to identify these links.
These RCD were: production volume, number of parts
assigned to individual processes of heat treatment, work-
ing hours of heat treatment devices, number of heat treat-
ment processes, number of workers assigned to individual
heat treatment processes, a qualified estimation of pro-
duction area. In practice, the process of allocating
supporting activities costs is complicated by the fact that
support activity outputs are not consumed only by pri-
mary activities but also by other supporting activities.
There may be a situation in which particular activity out-
puts are consumed by an activity itself (personnel depart-
ment outputs can be a typical example). In practice, this
problem can be solved by several approaches including
the use of structural analysis. In the case of this applica-
tion, both methods of allocating supporting activities
costs were processed; the above described procedure
using the resource cost drivers as well as the structural
analysis. However, both approaches brought insignificant
differences in their results. This was due to the character
and status of the hardening shop in the company organi-
zational and economic structure. The supporting activities
assigned to the hardening shop were allocated in regard to
the fact that they included their mutual consumption and
self-consumption. However, this is a rather specific case
when supporting activity costs, or their mutual consump-
tion, is determined at higher company level. In practice,
especially in the case of a custom hardening shop, a
structural analysis can be an appropriate tool used for
determination of supporting activity costs. This ABC
application phase resulted in quantification of total real
costs associated with primary and supporting activity
outputs. The total costs of activities (i.e. Cost Pool) repre-
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sents a group of costs associated with a particular com-
pany activity (i.e. with performance of this activity) and
determination of their value represents a partial step
within ABC method application, because it serves for the
purpose of assessing effectiveness of performed activity
and analysing its added value.

Activity Cost Drivers definition and Activity Primary
Rate calculation

There is a fundamental difference compared to the model
of traditional calculation methods in this application
phase. First, so called Activity Cost Drivers (ACD) were
established. ACD can be defined as a value by which an
activity can be measured. A selected ACD was chosen in
order to capture causality among costs and activity out-
puts and to be relatively easy quantified. For these rea-
sons, a universal transaction driver was chosen as an
appropriate ACD - namely production volume of
individual heat treatment processes in kilograms in year
2017. Subsequently, Activity Recovery Rate (ARR) was
determined. ARR basically represents number of ACDs
generated by chosen activity in defined period. In this
study, the ARR was determined based on the actual out-
put of individual heat treatment processes in monitored
period, which was relatively easily identifiable from com-
pany information system. After determining total costs of
the activities (Cost Pool) and the ARR, it was possible to
calculate total unit cost of activities (Activity Primary
Rate). APR indicates how much costs are associated to
output of an activity unit (i.e. costs allocated to 1 kg of
heat treatment process, servicing or finishing activity).
APR amount was determined as a proportion of total costs
of activities and the ARR. The obtained APR values rep-
resented an appropriate information for assessing effec-
tiveness of realized outputs and eventual benchmarking of
individual activities. In the case of the performed study, a
comparison of carburizing and quenching carried out in
continuous and multipurpose furnaces can be given as an
example. Of course, it is an assessment of performed
outputs effectiveness done only by allocated hardening
shop overheads in this phase. An analogous procedure
allowed to determine the unit cost of primary activities
(PAPR) and unit cost of supporting activities (SAPR).
The values of ARR, APR, PAPR and SAPR can be dis-
played by suitably chosen table (Tab. 3).
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Tab.3 Example of calculating ARR, PAPR, SAPR and APR. Source: own
Tab. 3 Piiklad kalkulace miry vykonu aktivit (ARR), primarnich jednotkovych nakladi aktivit (PAPR), sekundarnich jednotkovych naklada aktivit
(SAPR) a celkovych jednotkovych nakladi aktivit (APR). Zdroj: vlastni

CALCULATION OF ACTIVITY UNIT COSTS

Activity Code Activity Name ARR PAPR SAPR APR
1710 AICHELIN KSGS / carburizing .. CZK .. CZK .. CZK
1111 Handling and handwork ..CzZK .. CZK ..CZK

Allocating costs of activities to cost objects

The cost object was defined as a kilogram of heat treated
material. In this step full costs of cost object (FCCO)

Tab. 4 Example: Bill of Activities (BoA). Source: own
Tab. 4 Priklad: Ucet aktivit. Zdroj: vlastni

were determined by calculation of the APR and total unit
direct cost (TUDC). The following Tab.4 gives an
example of activity costs allocation by using a so called
Bill of Activities.

BoA Company Centre Period
0
2610 01/2017 - 02/2017 ARR APR TUDC FCCO
Activity Code | Activity Name ARR
1710 AICHELIN KSGS / carburizing Material QTY (kg) 1 ..CZK ..CZK ..CzZK
1111 Handling and handwork Material QTY (kg) 1 ..CZK .. CZK ..CZK

It is obvious from the described steps that the ABC
calculation provides a very detailed analysis of overhead
causes, identification of activities generating the highest
costs or costs which are disproportionate to their nature.

1.2 Costing Sheet of heat treatment

The last step in this practical application of ABC method
in the monitored enterprise was designing of a so called
heat treatment Costing Sheet. It is a simple tool for
operative costing of specific heat treatment processes,
which should be used by the hardening shop supervisor or
a heat treatment engineer for a relatively easy costing of a
selected heat treatment process realized on specific
equipment. The principle of this spreadsheet is very
simple because all input data are arranged in source tables

(i.e. primary and supporting activities cost matrix, direct
cost matrix, APR table and bill of activities) so that it can
be easily updated and changed based on the information
provided by accounting and managerial reports. Using the
spreadsheet is very simple because it is only necessary to
enter the weight of the part and choose the appropriate
processes of the intended heat treatment. The Costing
Sheet then provides heat treatment costs of 1 kg, or the
entire production batch.

Conclusions

The traditional calculation methods very often lead to a
distortion of resulting costs allocated to outputs. This
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distortion primarily lies in the way these methods work
with fixed costs and becomes very significant when
a company is facing an increase in proportion of indirect
costs and change in structure of realizing overhead
activities. In response to these issues and changes of cost
structures in companies, the ABC method was used in
greater extent. The principle of ABC method is very
simple, logical and conceptually different from the
traditional approach of calculation methods. ABC does
not allocate resources to centres, but to activities in order
to achieve allocation of overheads based on real causality
of their origin. Therefore its basic purpose is to find
a procedure which better expresses the real causal effect —
relationship of cause and effect. The aim of this paper was
to describe a practical application of the ABC method
focused on assessing the costs of a particular heat
treatment operation. This goal was achieved by analysing
partial steps of its implementation in the selected
industrial company.
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EuroBLECH 2018: Vstupte do digitalni reality

EuroBLECH 2018 — 25. mezinarodni veletrh technologii zpracovani plechu — se konéa ve dnech 23. aZz 26. fijna 2018
na vystavisti v némeckém Hannoveru. Sest mésict pred zahajenim akce ma prostory pro svoje stanky na celosvétove
vedoucim veletrhu pro pramysl zpracovani plechu zajisténo jiz zhruba 1400 vystavovatelt z 38 zemi. Nejvice
vystavovateli je z Némecka, Italie, Turecka, Ciny, Nizozemska, Spanélska, Svycarska, Rakouska a USA. V soucasné
dobé jiz maji vystavujici spole¢nosti zajistén téméi cely vystavni prostor z predchozi akce. Piedchozi roénik veletrhu
EuroBLECH 2016 totiz doséhl rekordu: ¢isty vystavni prostor ¢inil 87 800 metrd étvereénich.

KaZdé dva roky se EuroBLECH stavéa akci, kterou navstévuji konstrukeni inZzenyii, manaZeti vyroby, manazeti kvality,
ndkupéi, vyrobci, techniéti feditelé a odbornici z asociaci ¢i vyzkumu a vyvoje, aby zde objevili nejnovéjsi trendy
astrojni zatizeni v oblasti zpracovani plechu. NAavstévnici letoSniho veletrhu mohou ocekdvat celé spektrum
inteligentnich teSeni a novatorskych strojnich zatizeni pro moderni vyrobu v oblasti zpracovéni plechu, které jsou
piedstaveny v podobé mnoha Zivych predvadéni na vystavnich stancich. V soucasné dobé hraje digitalni transformace
v pramyslu hlavni roli, coZ zajistuje vysSi G¢innost, a tim i vySSi Grover automatizace a prediktivni Gdrzby. Tento vyvoj
se odrazi v mottu letoSniho veletrhu EuroBLECH ,,Vstupte do digitalni reality”, protoZze Primysl 4.0 a souvisejici
Chytra tovarna se staly hlavnimi tématy v oblasti zpracovani plechu. Ta se nyni stala duleZitou oblasti pro malé
a stredni podniky, které do téchto technologii chtgji v blizké budoucnosti investovat, aby ziskaly konkurenéni vyhodu
na svych trzich.

,»,Digitalni transformace je momentalné dilezitym tématem v oboru. To vyZaduje Gzkou spolupraci v celém hodnotovém
fetézci od fizeni vyroby az po Gdrzbu“, fika Evelyn Warwickovd, feditelka vystavy EuroBLECH jménem poiadatele
Mack Brooks Exhibitions. ,,Pro spoleénosti v odvétvi zpracovani plechu je nejvétsi vyzvou vytvoreni inteligentniho
vyrobniho prostiedi, které je zaloZeno na bezpe¢né vymeéné dat a sitovém propojeni stroji a procesi. EuroBLECH 2018
svym navstévnikam nabizi moznost najit feSeni téchto vyzev a navazat kontakt s obchodnimi partnery, aby jim pomohli
s integraci téchto procest, strojt a systému do jejich vyroby*, pokracuje Evelyn Warwickova.

Profil veletrhu EuroBLECH

EuroBLECH je celosvétové nejvétsim veletrhem pro odvétvi zpracovani plechu, a pro névstévniky je trzistém, kde
objevi a ziskaji nejnovéjsi novatorska vyrobni fedeni. Cetna Ziva predvadéni na vystavnich stancich nabizeji obchodnim
navstévnikam piilezitost zazit v akci stroje a systémy ze vSech oblasti zpracovani plechu. Profil veletrhu EuroBLECH
pokryva patnéct technologickych sektord, a proto pokryva cely technologicky tetézec zpracovéni plechu: plech,
polotovary a hotové vyrobky, manipulace, separace, tvareni, flexibilni zpracovani plechu, zpracovéni trubek/iezu,
spojovani, svaiovani, aditivni vyroba, povrchova Uprava, zpracovani hybridnich konstrukci, nastroje, fizeni kvality,
systémy CAD/CAMI/CIM, vybaveni tovaren a skladt i vyzkum a vyvoj.

- 7 tiskové zpravy -
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Zpravy z Ocelarske unie a.s.

Meziroéni porovnani mési¢nich a postupnych hutnich vyrob roku 2017 a 2018

Vyroba *) Vyroba [ Index Vyroba [ Index || Vyroba [ Index
duben | kvéten | leden-kvéten duben kvéten leden-kvéten
2018 2018 2018 2017 | 2018/17 2017 | 2017/18| 2017 |2017/18
(tis. 1) (tis. 1) (%) (tis. t) (%) (tis. t) (%)
KOKS
CELKEM 279,88 | 296,55 1 424,69 282,54 99,06 294,41 | 100,73 [ 144332 | 98,71
ztoho (HZ) CR 148,58 | 157,69 759,01 150,92 98,45 156,04 | 101,06 | 769,59 | 98,63
(HZ) SR 131,30 | 138,86 665,67 131,62 99,76 138,37 | 100,36 || 673,73 | 98,80
AGLOMERAT
CELKEM 833,45 | 802,02 411117 794,49 | 104,90 692,35 | 115,84 [ 388558 | 105,81
ztoho CR 514,45 | 476,72 2 558,87 463,09 | 111,09 391,75 | 121,69 || 2299,68 | 111,27
SR 319,00 | 325,30 1552,30 331,40 96,26 300,60 | 108,22 [ 158590 | 97,88
SUROVE ZELEZO
CELKEM 689,79 | 702,93 3480,82 656,39 | 105,09 642,04 | 109,48 || 3332,88 | 104,44
ztoho CR 341,83 | 340,65 1731,72 309,42 | 11047 282,82 | 120,45 [1612,80 |107,37
SR 347,97 | 362,28 1 749,10 346,97 | 100,29 359,22 | 100,85 | 1720,08 | 101,69
SUROVA OCEL
CELKEM 831,70 | 849,05 4 215,86 796,59 | 104,41 800,76 | 106,03 [ 4 118,60 | 102,36
ztoho CR 409,24 | 410,21 2073,63 396,49 | 103,21 365,86 | 112,12 || 2 055,98 | 100,86
SR 422,46 | 438,84 2142,24 400,10 | 105,59 434,90 | 100,90 |2 062,62 | 103,86
KONTISLITKY
CELKEM 802,16 | 818,91 4081,55 766,15 | 104,70 768,75 | 106,52 [|3953,50 | 103,24
ztoho CR 380,30 | 380,67 1942,31 366,65 | 103,72 334,45 | 113,82 [1893,88 | 102,56
SR 421,86 | 43824 2139,24 399,50 | 105,60 434,30 | 100,91 |[2059,62 | 103,87
BLOKOVNY
CELKEM 51,29 52,79 250,22 56,02 91,55 55,26 | 9553 || 278,97 | 89,69
ztoho CR 51,29 52,79 250,22 56,02 91,55 55,26 | 9553 || 278,97 | 89,69
SR 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 | 0,00
VALCOVANY MATERIAL
CELKEM 791,86 | 838,66 4101,52 785,81 | 100,77 778,33 | 107,75 [/ 3965,11 | 103,44
ztoho CR 401,34 | 436,77 2 212,67 412,48 97,30 387,74 | 112,65 [ 2112,06 | 104,76
SR 390,52 | 401,89 1.888,84 373,33 | 104,60 390,60 | 102,89 [ 1853,05 | 101,93
TRUBKY
CELKEM 62,11 61,56 310,46 60,19 | 103,19 60,51 | 101,72 | 287,48 |108,00
ztoho CR 39,81 38,75 201,69 38,96 | 102,17 39,47 | 98,18 || 183,61 |109,85
SR 22,31 22,81 108,77 21,23 | 105,08 21,05 | 108,37 || 103,86 | 104,73
TAZENA, LOUPANA, BROUSENA OCEL
CELKEM=(HZ)CR || 2021 | 1975 | 9783 | 1860 | 10866 || 1969 [ 10029 || 10226 | 9567
STUDENA PASKA KLASICKA
CELKEM=H2)CR] 113 | 133 ] 625 | 126 ] 8964 157 | 8441 699 | 8937
POZNAMKA: *) Za posledni mésic jsou Udaje piedb&zné. Zpracoval: Ocelaiska unie a.s. Praha - Ondiej Stec
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Z hospodarske ¢innosti podnika,
Instituci a reSitelskych pracovist’

Vnéjsi aspekty ovliviiujici rozvoj metalurgie

doc. Ing. Véaclav Kafka, CSc.

RACIO & RACIO, Orlova, Ceska republika

Prispevek se zaméruje na vybrané omezujici faktory, které vyznamneé ovliviuji rozvoj ocelérstvi v Ceské republice.
V prvé Fadé na nedostatek pracovniki snad vSech tuzemskych firem. Dale to je motivace zaméstnanci, styl rizeni,
spokojenost pracovniki a dalsi faktory. Vyznamnym aspektem je ocekavana predikce rozvoje svetového hospodéarstvi
a zajisteni socidlniho smiru v budoucnosti. To si vyZada vyznamné zvySeni zavadeni inovaci a produktivity prace.

Kli¢ova slova: nedostatek pracovnikiz; socialni smir; produktivita prace

Je znamou skute¢nosti, Ze rozvoj jakéhokoli oboru
v soucasném svéte, tedy i metalurgie, vyznamné ovliviuji
vnéjsi aspekty. Mezi tyto aspekty samoziejmé patii trzni
poptavka po vyrobcich daného oboru, ale i souhrn
podminek, znichZz nékteré v dané dobé zvySuji svij
podporujici nebo brzdici G¢inek. Jiné aspekty mohou byt
neutralni. VZdy je tedy tifeba se soustiedit na aspekty
dominantni a samoziejme také na ty, které ve sledované
dobé doslovné poéinaji nabyvat na vyznamu, aby se jejich
vyznam vbrzku pIné rozvinul. Tento ptispévek se
zamé&fuje na obé tyto kategorie aspekti. Nezabyva se tedy
poptdvce po hutnich vyrobcich. Zde se hypoteticky
piedpoklada, Ze ta je dnes a v nejbliz§i dobé jesté bude
v prijatelnych mezich zajisténa.

1. Nedostatek pracovnich sil

Nedostatek pracovniki patii mezi dominantni aspekty.
V soucasné dob¢ aktudlngé ceské wvyrobni spolecnosti
deklaruji vice nez 200 000 neobsazenych mist [1] oproti
cca 240000 nezaméstnanych. Po vyznamném snizeni
poétu nezaméstnanych pracovnika (na cca 2,6 % préce-
schopného obyvatelstva) se preferuje zajisténi chybgjicich
lidi z vngjSich zdroja.

1.1 Zajisténi pracovniki ze zahraniéi

Podle globalni studie spolecnosti ADECCO [2] je Ceska
republika ze 119 posuzovanych stati 25. nejatraktivngjsi
zemi na svété z hlediska pracovnich podminek a ptilezi-
tosti. V regionu stiedni a vychodni Evropy je prvni.
ZkuSenosti  ukazuji, Ze pro n&S pracovni trh jsou
nejvhodnéjsi pracovni sily od naSich vychodnich sousedi.
Ukazuje se, ze kupfikladu Ukrajinci jsou jiz po pil roce
schopni se dostate¢né dohovotit a dokonce i béhem
zkuSebni doby se pracovné integrovat. Na druhé strané
jsou casto tvrdohlavi a nedaveérivi. A navic po vydélani
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penéz se v drtivé veétSing chtgji vratit domi. Ukazuje se,
Ze zésadnim problémem tedy neni zapojeni Ukrajinci
pIné do vyroby, ale vytizeni formalit pfi jejich pfichodu
do CR. Je znamo, Ze tento proces se mnohdy téhne fadu
meésica a je vskutku Uspéchem, kdyZz se podaii pribliZit
6 mésicam [3]. Problémy jsou jak na ukrajinskeé, tak i na
ceské strané. Navic se hovoii o tom, Ze tento proces je
doprovazen korupénim jedndnim. Do jisté miry pozitivni
je zkuSenost internetového obchodu Amazon pro nabor
cizinci [1], ktery vyuZiva program Fast Trag zastreSovany
Ministerstvem pramyslu a obchodu. Diky nému se
podafilo zkratit délku adaptace cizinc dokonce na
2 mésice.

Do CR jiz prichazeji pracovat i ltalové a Spanglé. Je jich
u nas jiz nékolik stovek. Vyhodou je jejich kvalifikova-
nost. Také se zkouSi ziskat pracovniky z Mongolska
a Vietnamu [4]. Je u nas také zaméstnano 20 000 Némcd,
Britii, Francouzti. Déle fada Slovakt, Rumuna a Bulhari.
Celkem u nas legaln¢ pracuje asi pual mil. cizinci [5].
Srovnejme pracovni imigraci v jiné zemi a jiné dobé:
v 60. létech minulého stoleti ptiSlo do Némecka planovité
cca 1 mil Turkd. Jejich integrace se podle riznych statis-
tik po nékolik generaci nedati. Z&asti je to mimo jiné
proto, Ze mnozi z nich Zili dlouhd léta v piedstavé, Ze jsou
tam jen piechodné na vydélani penéz [6].

Zavéry zveiejnéné k této tématice na loriské konferenci
Ocelati [7] jsou stale jeSté aktualni. Hlavni piicinou byly
tehdy deklarované naméty k zapojeni vétSiny praceschop-
ného obyvatelstva na pracovni trh nebo moZnosti vyuZzi-
vani benefitd pro zisk&ni novych pracovniki a dalsi
analyzované moznosti  ziskavani  pracovnika  do
metalurgie. Stejné tak jsou plné platné piinosy etického
chovani pro firmu, aneb jak pracovnici vyhledavaji
spoleénosti, které mravné jednaji. S bolesti se vSak musi
piiznat, Ze fada téchto ndmétt bohuzel nebyla dostate¢né
VYUZita.
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1.2 Pristupy k udrZeni kvalitnich pracovnika a tvorby
dobrych vztahi k firmé

Obavy z absence pracovnich sil je v dobég, kdy prakticky
vSechny firmy zapasi s nedostatkem lidi, jsou velice
opodstatnéné. Mezi ndméty publikované ve vyse citované
literatuie [7] patfi pokusy o dalSi ziskani ztehdy cca
250 000 nezaméstnanych v CR, vyuziti vézid (max
10 000 lidi), seniorii v dachodu, Zen po materské atd.
K tomu je tieba do protikladu postavit kriticky pohled na
firemni kulturu s cilem vytvofiit v ocelarné vstiicné a pro
zaméstnance zajimavé prostiedi. Ve zmeéné stylu ftizeni
a vytvoreni kvalitnich elit by se mélo nadéle pokracovat.

Sjednoceni lidi za Gcelem vyteSeni (feSeni) problémi ve
firmé se v odborné terminologii oznacuje jako leaderschip
[8]. Lidé Zijici spolu ve skupinach v jakékoliv komunitg,
tedy i v modernich firméch, si pfirozenym vyvojem pie-
vzaly jisté role. Hlavni schématické déleni je na vidce
a nésledovniky. Na ¢innosti obou téchto skupin zalezi, jak
rychle a efektivné se dosahuje Zadoucich spole¢enskych
zmeén. Specialisté tvrdi, Ze zpuasob, jakym se chovaji
ajednaji lidii vCR a snad i v ostatnich
postkomunistickych zemich, se viadé podstatnych
aspektt liSi od zapadnich zemi. Podle R. Gordon-
Smithové lidti na vychodé jsou spiSe povaZzovéni za
kontrolory, na zapad¢é jsou to piedevSim motivatori.
V zépadnich zemich maji lidiéi mnohem vétsi davéru ke
¢lentim svych tyma. Panuje tam vétsi rovnopravnost a
zejména v severni Americe je vztah mezi pracovniky
mnohem  oteviengjSi. K divodaim vzniku tohoto
nepoméru v CR Petr Vrzacek [8] doklada, ze od 30. let
minulého stoleti u nas dochazelo k systematické likvidaci
elit, absenci diskuse a kritiky. Dale uvadi, ze k omezovani
nebo odstratiovani elit dochazelo béhem minulych 700. let
nékolikrat. Nelze se tedy divit, Ze u nas panuje spiSe
direktivnéjsi pojeti fizeni, které je vSak také z pohledu
vedoucich vétSinou jednodussi.

Obecné panuje nazor, Ze zpisob fizeni je moZzné se do
znaéné miry naucit. Jeho zména, pak nemusi trvat celé
generace. To je jisté spravné. Druhou zaleZitosti je vSak
akceptovani téchto pristupt celou spole¢nosti a vytvoreni
takové atmosféry, kterd tyto piistupy umozni v zemi
zaveést a skute¢né dodrzovat. Je obecné zndmo, Ze kupt.
u lidra ve Finsku, Svédsku nebo Norsku, kdyby se choval
korup¢né, tak se okamzité vyiadi ze spole¢nosti. Podobné
nekompromisni situace je v severni Americe u piistupu
k placeni dani. Takové zvyklosti si spolecnost osvoji
nejdiive za nékolik generaci pouze pti souvislém demo-
kratickém vyvoji.

Pres tyto skutecnosti se jevi dosti prekvapivy vyvoj
v platovém ohodnoceni naSich manazerd oproti podiize-
nym pracovnikam [9]. V roce 2008 bylo v CR jejich
ohodnoceni 5x vy3si. V roce 2014 to jiZ bylo 6,9x vy3si.
Pro porovnani ve stejném roce manazefi némecti byli
oceriovani 3x vice, manazeti USA 4x vice a Ukrajindti
11x vice oproti zaméstnancam.

Rozdilny hospodarsky vyvoj vybranych zemi, ktery tuto
skute¢nost dokumentuje, je uveden v tab. 1. V ni je po-
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rovnan hruby domaci produkt (HDP) v mezinadrodnich
dolarech v parit¢ kupni sily z roku 1990 [10] v roce 1910
a 2010 ve vybranych zemich. Zde je ziejmy rozdil HDP
v Némecku a Rakousku oproti ostatnim (postkomunistic-
kym) zemim v roce 1910, stejné jako po 100 letech.

Tab.1 Ekonomicka troven vybranych zemi, HDP/hlavu
(USD z 1.1990)

Rok 1910 2010
Némecko 3350 20 661
Rakousko 3300 24 096
CR 2550 13 097
Slovensko 1650 12 610
Polsko 1700 10 762
Mad’arsko 2000 8353
Podkarpatska Rus 1400 4524

Ale vratme se k vlastnostem, které by méli vedouci pra-
covnici hutnich zavoda mit a které od nich pracovnici
ocekavaji. Podle Urbana [8] chté&ji, aby jim lidii prinaSeli
jistoty a uplatnéni jejich schopnosti. Vadci, kteii prinaSeji
optimismus a energii, jsou rozhodni a ochotni nést zodpo-
védnost. Vyznaji se v chaosu a umi ukazat smeér.
A v piipadé nouze musi umét prevzit i Ulohu diktatora,
aby firmu vyvedli z marasmu. Takovym vzorem lidra
v naSich zemi, byva obvykle ozna¢ovan Toma$ Bata.
Nelze v Zadném ptipadé fici, Ze naSe metalurgie nema
zadné takové manazery. Nemald ¢ast naSich vedoucich
pracovniki vSak vychézi z naSich drivéjSich tradic a praxe
a spiSe se blizi naznatenym vlastnostem kontrolora.
V dobé po sametové revoluci je u nds nekdy velice
problémové fizeni vlastnika, a to v ptipadg, Ze vlastnik na
sebe bere Ulohu manaZera. Zrejmé i stabilizace majitela
v Uloze manaZert vyZaduje svij ¢as.

2. Pro¢ jsou Severané obecné spokojenéjsi

Severské staty si ¢asto klademe jako vzor. Tyto staty,
zejména Svédsko, se ¢asto umistuji na hornich prickéch
tzv. indexu Stésti HPI (hrubé narodni Stésti) [11] Ukazatel
HDP byvéa casto a opravnéné kritizovan, Ze se zamétuje
pouze na hospodaiskou strnku jednotlivych statd. Proto
se vyvinul ukazatel, ktery zahrnuje spokojenost obyvatel,
jejich praimérny vék a také zatéz obyvatel v Zivotnim
prostredi a dalSi neekonomické pohledy.

Svédové si vytyeuji vysSsi cil, ktery nespociva ani ve vy-
konu, ani ve finanéni odméné. Tento cil spociva ve stabi-
lit¢ pracovniho trhu, ve sladéni osobniho a pracovniho
Zivota. MuZi i Zeny maji dlouhou rodi¢ovskou dovolenou
a, co je zcela zasadni, je skute¢na rovnopravnost obou
pohlavi. K dosazeni profesniho Uspéchu se témér jako
samoziejmost piedpokladd u jejich pracovniki velka
davka energie a pIného nasazeni. Jako zcela samoziejmé
se u zaméstnanct predpoklada nezavislé mysleni a nevy-
Zaduje se u nich mimoifadny dohled nebo vedeni. To také
prispiva k pocitu Stésti. Firmy ve Svédsku maji dobie
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zavedené vzdélani vlastnich zaméstnanct, coZ prispiva
ke kvalitni firemni kulture. (OvSem i u nas si fada firem
vychovava své odborniky [12]. V tom méa CR hlubokou
tradici.) Svédsko se také vHDP na hlavu ve svété
pohybuje okolo 15. mista. Je tedy ziejmé, Ze osobni Stésti
s ekonomickou prosperitou je v této zemi v souladu.

3. MozZné omezeni v hutnictvi

Omezeni v hutnictvi v prvé fadé spocivaji v obecnych
podnikatelskych rizicich. Podle poprvé zpracovaného
prizkumu, ktery vroce 2017 pro CR vypracovala
spole¢nost AON [13], u vice nez 2000 spole¢nosti je
nejvétSim rizikem podnikani nedostatek pracovnich sil.
Na druhém misté je rast administrativni zatéze, dale
necestné chovani zaméstnancu, jako je zlocin, kradez ci
podvod. Porovnaji-li se zavéry celosvétové Globalni
studie Fizeni rizik s vysledky v CR, pak ve vnimani rizik
se od jinych zemi vyznamné liSime. Riziko poSkozeni
dobrého jména spolecnosti, které ve zminéné studii
dominuje mezi rizikovymi faktory, v CR obsadilo aZ
10. misto. Podobny néhled jako zahraniéni firmy méame
pouze V riziku kybernetického Gtoku (toto hodnoceni rizik
uvedlo vice nez 50 % Ucastnik®). Radovan Stultety [13]
uvadi, ze pro nas je nevétSim podnikatelskym rizikem
obecna neznalost téchto nebezpeci, a proto je nemtzeme
viibec zacit fesit.

3.1 Nebezpeéi rozbujeni administrativy a byrokracie

Patrné jsme se vSichni setkali s vypliovanim raznych
formulaia pro spravu a (rady této zemé. Je snad zbytecné
piipominat opakované kontroly ze strany raznych insti-
tuci, coZ napadné piipomina jejich snahu o prokéazani své
uZite¢nosti. To se dotyka i ocelarstvi. Jedna se o zavadéni
inovaci, které vyZaduji novou vystavbu nebo modernizaci.

Podle studie Svétové banky z roku 2016 [14] zabere v CR
sehnani vSech povoleni 247 dni. V Zebticku 189 sledova-
nych zemi ndm patii 137. pficka. Jen o dva dny déle si na
prislusnd povoleni pockaji v Irdku. Podle developerské
spoleénosti Ekopol se to tyké jen menSich staveb. U vel-
kych staveb dosahuje byrokracie v CR neuvéfitelnych
1825 dni. TomaS Kadefabek [14] uvadi zkuSenosti se
stavbou rozsahlych developerskych projekti a odhaduje
pramérnou dobu od nabyti pozemku az k vyfizeni
veskerych povoleni na 7 az 8 let. Pokud k tomu pti¢teme
2 roky vystavby, tak dovrSime celé desetileti. V zapadni
Evropé je podle ng& nutna administrativa zaleZitosti
mésicd, nikoli rokd. Zatimco u nés se statni sprava po r.
1989 poiad vyviji, na Zapadé ji maji odladénou na
dlouhou dobu - vyvijela se tieba 50 let. Jestlize se ke
stavebnimu Fizeni ptipoji vzneseni moznych namitek
raznymi radoby ekologickymi sdruzenimi, muze dojit
k dalSimu zdrZeni nové vystavby. Je mozné podavat
Zaloby na cela zastupitelstva mést a spravni Gredniky. To
vede ktomu, Ze se zastupitelé z obav pied budoucimi
postihy zdrzuji hlasovani pti rozhodovani o nové
vystavbé a o rozvojovych projektech se pak prosté
nerozhoduje.
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Véime, Ze prijetim novelizace stavebniho zakona z roku
2017 dojde prinejmensim Kk zastaveni nepiijemného
trendu. Uvedeny trend byrokracie u vystavby neni
ojedinély. | kdyby prislusna hutni organizace byla sama
zcela prosta od vlastnich vnittnich byrokratickych praktik,
tak musi na naro¢né poZadavky statni administrativy,
na danou agendu musi rozSitit vlastni administrativu.
To vyvola zvy3eni ndkladovosti hutni vyroby.

3.2 Nebezpeéi euroskepticizmu

V neddvném prazkumu Eurobarometru [15] respondenti
¢lenskych zemi Evropskeé unie (EU) odpovidali mimo jiné
na otazku ,,Jste radi ¢i neradi, Ze Zijete v EU?*. CR se
pomérem 58 % (radi) a 36 % (neradi) umistila na
EU. Na opacném konci hypotetického Zebiicku je
Lucenbursko (97:1) a dale Nizozemsko (92:6).
Némecko a Francie maji poméry 88:6 a 81:13.
Dokonce i Recko a Italie jsou k EU vstticngjsi nez CR.
Vice nez 80 % naSeho exportu jde do zemi EU. Soucasny
ekonomicky rast a rekordné nizkd nezaméstnanost s tim
Uzce souvisi. N&S gisty piijem z dotaci EU od roku 2004
do roku 2017 ¢ini 656 mld. K¢, tedy ptiblizné polovinu
naSeho ro¢niho statniho rozpocétu. NaSe zemé je tedy
vzhledem ke struktuie svého hospodaistvi na EU
existenené zavisla.

To neznamend, Ze v EU je v3e v naprostém potadku. Pro
evropsky prostor v3ak zatim nikdo nevymyslel nic
lepSiho. Jsou znamy Uvahy ekonomi a sociologd, Ze pfi
naSem hypotetickém vystoupeni z EU v soucasné dob¢
a uzavieni naSich hranic v proporcich pied Schengenskou
smlouvou, by se ndm snizila Zivotni Groven az o cca 1/3.
Vysvétlenim nejsou vibec specifiky Visegradu, jako je
strach z migrace apod., protoZe vySe zminény pomér
k EU u Polska a Slovenska je 83 : 9 a 78 : 13. Pri¢iny se
musi hledat doma a u naSich elit.

Slovaci piipominaji [16], Ze rozpadem ¢&s. federace vaha
obou novych stati dramaticky klesla. Obé zemé klesly
ze stredné velkého statu do malého statu. Uvadéji,
Ze v 90. letech iluzi, ze CR pretrvava stile jako stiedné
velky stat, pomahal zivit Vaclav Havel. Po jeho odchodu
se naplno projevila malost CR. Zd4 se vak, Ze tento fakt
vidi vSichni, krom& samotnych Cechd. Denik N. Perio-
dikum ptipomina ¢eskou zaslepenost vaci EU. Uvadi, ze
¢esti politici se chovaji tak, jako by méla Evropa usilovat
0 pozornost ¢eské strany a ne naopak. Tuto zvIastni kiec¢
podle [16] nelze vysvétlit jinak neZ jako neschopnost CR
pohlizet na sebe jako na maly stat, pfimérené malého
vyznamu, kterym se stalo po té, co pfiSlo o slovenskou
¢ast. Naopak Slovéci si rychle osvojili strategii malého
statu, tedy vstricnost wvaci velkym demokratickym
spojencim a maji vyhodu, Ze iluzi o své velikosti nemohli
nikdy v historii podlehnout. Béhem 25 let od rozdéleni &s.
federace se Slovéci dostali ve svém hospodaistvi vyrazné
dopfedu a v n&kterych oblastech CR piedgili [17].
Slovensko piedstinlo CR v produktivité prace jak na
pracovnika, tak na hodinu, a proto ma i nepatrné vyssi
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hodinovou mzdu (192 a 189 K¢é/h). Naopak v HDP v
parité kupni sily obyvatelstva v roku 2015 v CR dosahlo
88 % hladiny EU a Slovensko 77 %. Z CR odtéka vice
penéz do zahrani¢i. V roce 2015 to bylo 7,7 % HDP,
kdeZto ze Slovenska pouze 2,5 %. A tak bychom mohli
pokracovat dal.

3.3 Zvy3eni nakladi na emisni povolenky

Podle [18] by po roce 2020 na ocelarny méla dopadnout
reforma obchodovani s emisnimi povolenkami, ktera
jim vyrazné zkrati pridél povolenek, za néz nemusi platit.
Pokud bude opatieni pfijato v navrhované podobé
tak Tiinecké Zelezarny, a.s. a Arcelor ArcelorMittal
Ostrava, a.s. by v pristich 10 letech utratily za povolenky
16 mld. K¢&. Soucet ziska obou spole¢nosti za rok 2016
byl 2,7 mld. K¢&. Zagina se sice jednat o dalSich teSenich
tohoto opatieni, ale musime je povazovat za vazné riziko
pro ¢eské ocelaistvi.

4. Predikce ekonomického vyvoje ve svété,
v CR a jeho rizika

Nejprve se zaméiime na odhadované parametry rozvoje
Ceska v letoSnim roce.

4.1 Piedpokladané parametry rozvoje v roce 2018

Mezinarodni ménovy fond pred zahajenim Svétového
ekonomického féra v Davosu (SEFD) pravidelné aktuali-
zuje vyhled svétové ekonomiky [19]. Pro rok 2018 a 2019
se o¢ekava hospodaisky rist 3,9 %. Je to narist 0 0,2 %
oproti roku 2017. Podle Maurice Obstfelda [19] vSak
soucasny rist je odrazem fady faktord, které pravdépo-
dobné& nebudou mit dlouhého trvani. Pied SEFD zveiej-
nuje také mezinarodni neziskova organizace OXFAM
informaci o zménach v rozdélovani svétového bohatstvi
mezi bohaté a chudé obyvatele planety [20]. Uvadi zne-
pokojivé zjisténi, Zze vroce 2017 1% nejbohatSich lidi
ziskalo 82 % nov¢ vytvoieného bohatstvi planety.

Rozvoj ekonomiky v CR v roce 2018 bude do zna¢né
miry uréovan pouzitelnymi pracovniky a rastem jejich
platt. V progndzach se rist mezd vesmés uvadi pies 7 %
[21]. Soucasné se pripomind, Ze snad az jednu tietinu
z nich ubere inflace v ocekavané vysi cca 2,5 %. Pres
velky problém se shanénim pracovniki, se obecné pro
¢eské hospodaistvi jevi jako velice pozitivni, vyznamné
zvySeni platt v zemi. Tim by se méla postupné narovna-
vat dosud nevyvazena c&eska mzdovd hladina oproti
vyspélym statam. Podle progn6z Ceské narodni banky
(CNB) by nezaméstnanost mé&la v roce 2018 klesnout na
1997. Vyvoj mezd v CR ma v zésadé tii scénare: CNB
predikuje jejich zvySeni o 7,3 %, odhady Hospodarské
komory hovoii o jejich narastu o 8,6 zavodé Skoda Mlada
Boleslav a chtéji poZadovat zvySeni mezd o 18 %. Prav-
dépodobné prvni odhad 7% mzdového rastu bude jako
minimalni. Do vyjednavani o mzdovém vyvoji vstupuje
parametr minimalni mzdy 12 200 K¢.
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V dohledném ¢asovém horizontu dojde ke zvySeni cen
elektrické energie o cca 2 — 3 %, stejné jako u potravin.
Tam by mélo dojit k naristu o cca 3,4 %. Predpoklada se
také zvyseni Grokovych sazeb ze strany CNB. Naopak
Uroky na sporicich uctech se budou zvySovat velice
pozvolna. Podle Sichtafové [22] &eskad ekonomika
dosahne vrcholu asi v prvni poloviné roku 2018, kdy jeji
rast vyskoci nad 5 %, tj. vice neZ o 1 % nad odhadem pro
svétovou ekonomiku. Ocekava se vSak, Ze druha polovina
roku ptinese vyrazné ochlazeni. A v nasledujicich dvou
letech rast ekonomiky zvolni. Co je v3ak pozitivni, Ze
investice do stroju a zafizeni v podnikové sféie i pfi
nedostatku pracovniki a rostoucich platech znamena
zvyseni produktivity prace.

4.2 Ukoly evropské ekonomiky v budoucnu

Prof. Keller informoval, ze vybor pro socidlni otazky
a zaméstnanost Evropského parlamentu zveiejnil zavéry
vyzkumu zaméteného na trh prace [23]. Doklada, Ze
obecné v Evropé se zhorSuje postaveni mladych lidi na
trhu préce. V jednotlivych zemich k tomu dochézi riznym
tempem. Trend je vSak vSude stejny. V EU se stale
vyraznégji snizuje Sance mladych lidi ziskat plnohodnotny
pracovni kontrakt. ProdluZuje se doba, béhem které mladi
stéidaji rizné docasné a huaie placené préace. A to i pres
skute¢nost, Ze jsou papirové nejvzdélangjsi generaci
vSech dob. Prodluzovani doby pracovni nejistoty je
jednou z hlavnich pticin, pro¢ odkladaji zalozeni rodiny
a narozeni prvniho ditéte. DoloZeni tohoto nepiiznivého
trendu je zcela nové a zatim nebyly k tomu publikovany
dalS$i podrobnosti. Spoleénost starne a pocet lidi
v ekonomicky aktivnim véku se nadale bude sniZovat.
Spojenim obou téchto trendt se vytvari vazné nebezpeci
v ohrozZeni stavajiciho socialniho systému vcetné penzijni
soustavy a v disledku toho v ohrozeni dosud panujiciho
socialniho smiru. Vychodiskem je podle EU, pouze
v postupném zvySovani produktivity prace, a to oproti
dnedku zhruba na dvojnasobek.

EU také posuzovala mozné feSeni hospodarské situace
prichodem migrantt. Nenachdzi vSak feSeni v piijmu
pracovnich sil zméné vyspélych zemi. Nedava totiz
smysl odcerpavat nejlepSi mozky z chudych zemi pro
feSeni vnitfnich problémt Evropy. Nebezpeéné rozdily
v globalnim pojeti by se tak zvysily.

Zavér

Patrné hlavni problém naSeho hutnictvi, tj. nedostatek
pracovniki, mame snahu feSit vyuzitim prichozich
migrantd od naSich sousedd, zejména vychodnich.
Zefektivnéni tohoto procesu v hutich, piesnéji jeho
urychlenti, Ize snad docilit vyuZitim pozitivnich zkuSenosti
jinych spolec¢nosti. Tento proces vSak neméa trvaly,
definitivni charakter. Hutni zavody vSak maji podstatné
vétsi vliv na zamezeni odchodu domécich pracovnikil.
Cesta vede pies vytvoreni dobrého vztahu zaméstnanci
ke své firm& Zde musi nastolit motivacni pristup
manaZzefi. Soucasti pozitivniho motivaéniho pristupu je
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mravni jednani a dobré vztahy ve firmg, spravedlivé
ohodnocovéni vedoucich pracovnikli a zaméstnancy,
vnaSeni optimismu a energie do firemni atmosféry.
Ktomu se fadi vyuzivani dobrych zkuSenosti i ze
zahranici.

Nebezpeci v omezeni rozvoje metalurgie se do jisté miry
spoc¢ivd v rozbujelé byrokracii. Velice nebezpecny je
soucasny euroskeptismus, ktery u nas panuje. Zde se musi
zasadng& angaZovat naSe elity a pravdive, byt i kriticky
vysvétlovat nasi realnou situaci. VSichni si musime reéalné
uvédomit misto CR v soucasné EU atomu prizptsobit
svij konstruktivni vztah.

Vyhledy rozvoje svétové a tim i ¢eské ekonomiky jsou
v soucasné dobé velice ptiznivé. PotéSitelné je, Zze
soucasna neprizniva situace s nedostatkem pracovnikt ma
za nasledek mimorfadny vzrast mezd zaméstnanci.
Ptispiva to k postupnému vyrovndvani mzdovych hladin
mezi naSimi pracovniky a jejich kolegy ve vyspélych
zemich.

Mimotéadné ptiznivy rast ekonomiky samoziejmé nebude
pokracovat do nekone¢na. Jiz v druhé poloving letosniho
roku se ocekava zpomaleni jejiho ristu. Zavaznéjsi vsak
je, Ze se spojuji dva neptiznivé evropské trendy. Prvnim
je prodluzujici se doba zaloZeni rodiny u mladych lidi
a narozeni prvniho ditéte. Druhym je narust poctu seniori
v Evropé. Aby nedoSlo k vaznému naruseni socialniho
smiru, jako jediné reédlné vychodisko tkvi v postupném
narastu produktivity prace az na dvojnasobek. To je
zasadni vyzva pro celou Evropu a samoziejmé i pro naSi

metalurgii.
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Ze spolkoveho zivota
a odbornych akci

Konference METAL 2018 se konala v kvétnu v Brné

27. ro¢nik mezinarodni konference metalurgie a materiali METAL 2018 se konal 23. - 25. kvétna 2018 jiz tradi¢né
v Brné. Z celkového poctu 514 ptihlaSenych Gcastnika se konference zugastnilo 460 odbornikt z 28 statt, z toho 216
z Ceské republiky, 124 z Polska, 30 z Ruska, 18z Turecka, 16 ze Slovenska, 11 z Rakouska, 5 z Né&mecka,
5z Kazachstanu a dale napiiklad ze Svédska, Rumunska, Slovinska, ale také z Japonska a Jizni Koreji. Ugastnici
prezentovali ve 147 pfednéaSkach a ve 280 posterech. Piispévky byly rozdéleny podle tematického zaméteni do nékolika
oborti: Pokrokova vyroba Zeleza, oceli a litiny, Tvaieni kovi, Vyrobky z oceli a jejich vlastnosti, Moderni trendy
v povrchovém inZenyrstvi, NeZelezné kovy a slitiny a Ekonomika a fizeni metalurgické vyrob.

V posterové sekci soutézilo o nejlepsi poster 300 praci, na zakladé hodnoceni garanta sekci byli vyhlaseni 3 vitézové
a bylo ptedano 5 ¢estnych uznéni. 1. misto ziskal Jan Dittrich z Karlovy univerzity v Praze za poster Effect of Loading
Mode and Orientation on the Development of Deformation Mechanisms in the Rolled AZ31 a jedno z ¢estnych uznani
ziskala Lenka Rehéackova z VSB — Technické univerzity Ostrava za poster Effect of Temperature and Chemical
Composition on Surface Properties of Liquid Alloys Based on Fe - C - Cr.

»Letosni roénik byl pielomovy v historicky
nejvysSim poctu zemi, které byly na konferenci
zastoupeny. Hodnotime-li skladbu Géastnikd, pak
se postupné, od jubilejniho 20. roéniku, méni
struktura vyrazné ve prospéch mladSi generace.
Z riznych kateder, Ustavi a instituci piijizdeji
piednéaSet mladi pracovnici, jazykové i odborng
vybaveni, a jejich prednaSky maji také ohlas
v zajimavé diskusi. Toto ,,omlazeni“ je ptinosem
a prislibem do budoucna,” tikd Ing. Katefina
Sedlackova, manazerka konference a dodava, ze
v oblasti kovovych materidla a slitin je tato
tradiéni konference dlouhodobé nejvétsi nejen
v Ceské republice, ale i v okolnich sousednich
zemich a jeji prestiz na mezinarodni Grovni
trvale stoupa.

Béhem konference probéhl také doprovodny program, ktery zahrnoval plavbu lodi po Brnénské piehradé, navstévu
Planetéria, VIDA! Science centre anebo exkurzi v Pivovaru Starobrno. | diky peknému pocasi si G¢astnici tento kulturni
program velmi pochvalovali.

Prvni den konference se v hotelu VVoronéZ | konal Spolecensky vecer spojeny s degustaci vin Jizni Moravy s hudebnim
doprovodem skupiny Swing kvartet.

- Z tiskové zpravy —
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Hutnici si na dvacatych pivnich slavnostech uzili skvélou zabavu

Mangan a pivo, dva neodmyslitelné faktory hutnické profese, ten prvni si v3ak ¢asto rad s hutnikem zaSpasuje, pii tom
druhém zase hutnik relaxuje. Tak néjak znéla slova v Gvodu jiz dvacatého ro¢niku Hutnickych pivnich slavnosti (HPS),
konanych 11. kvétna 2018 v Tfinci.

A Ze to byl ro¢nik jubilejni, dostalo se mu také fadného rozletu. Ze stisnénych prostor Skolni jidelny na Kanadé se letos
piesunul na plochu t¥inecké Werk Areny. A za to se mu také dostalo velké chvaly. Téz zajem byl neobvykly. Oproti
tiem stovkdm G¢astnikid z minulych let letos do Werk Arény zamitilo na 430 pozvanych pratel pénivého moku a dobré
zabavy.

Kromé ¢lena CHS a piedstavitelt vedeni Tiineckych Zelezaren se jej opét zucastnila fada hosta. Prijeli z dru;ebnich
polskych huti, spqupracujicj profesofi VSB-TU Ostrava i predstavitelé Ministerstva pramyslu a obchodu, Ceského
svazu pramyslu a obchodu, Ceského svazu vynalezcu a zlepSovateli ¢i Uradu pramyslového vlastnictvi.

vrv s

Pivovaru Radegast. V této delegaci byl i starSi obchodni sladek Plzenského Prazdroje Vaclav Berka, generalni feditel
Pivovaru Radegast Ivo Kaitidk a dalSi manazeti ¢eského pivniho impéria. Nechybéli dal$i hosté vcetné senatora a
vladniho povérence Jitiho Ciencialy a starostky mésta VVéry Palkovské.

Pripomenime jeSté, Ze soundlezitost hutnického femesla a fizného moku se stala zékladem tradice této kulturng-
spolecenské akce, poradané Ceskou hutnickou spoleénosti (CHS) se sidlem v Tiinci za podpory vedeni Ttineckych
Zelezaren a fady sponzort nejen regionu.

,Céhaeska“ i tentokrat prokazala, Ze umi pripravit program, pii kterém se naSinec se svymi hosty po tvrdé préci skvéle
pobavi. Odpoledne bylo pIné recese, humoru, zpévu, za nezbytného posiliiovani kvalitnim pivem Radegast, ,,fedéného*
skveélym gulasem a doméacimi klobasami.

Vyraznou zménu se vstupem do tietiho desetileti
Hutnickych slavnosti piinesla obména ve funkci
predsedy Velkého a neomylného prezidia HPS.

Zména ve vedeni Pivnich slavnosti v3ak nijak
neovlivnila jejich hlavni raz - vybornou zabavu s
choralem zpivanymi veselymi pisni¢kami a popévky,
vzdavajicimi hold pivu, tedy jediné Radegastu, které
Gcastnici pili plnymi dousky z tuplaka.

Nechybély scénky Hutnického naivniho pivniho
divadla, jez opét skvéle prispélo k zabavé novymi
satirickymi scénkami ze Zivota.

K HPS také patii pasovani ,,mlad’ochi“ do Cechu
hutnického generdlnim  feditelem TZ  Janem
Czudkem. Letos tak hutnicky slib slozili David
Kalmus a Zdenék Ernst.

Aplaus si vyslouzili G¢astnici soutéZe o Pivni kralovnu a Pivniho kréle, i piednaska z zivota Jary Cimrmana, tentokrat
v podani jednatele dcefiné spolecnosti Materialovy a metalurgicky vyzkum Jaroslava Pindora. Ten se pry v zaprasenych
archivech dopétral a naSel dtikazy o tom, ze prdvé Cimrman byl nejen zakladatelem tfineckého hokeje, le¢ i n&kterych
soucasti dneSni hokejové vystroje.

Za celé odpoledne Ziznivci nepohlédli az na dno litrového tuplaku, kdyZ jim je netnavné dopliovaly zkuSené vycepni
z Gastrosluzeb i pivovaru Radegast, a tak postupné nalada v séle nabyvala grady.

Na&3 zpravodajsky tym opét fadné dodrzoval Rad hutnickych pivnich slavnosti, a tak mizeme bez uzardéni konstatovat,
Ze letosni jubilejni 20. ro¢nik Hutnickych pivnich slavnosti byl organizéatory pojat opravdu reprezentativng, s pravou
hutnickou pompou. Hosté i z takovych svétovych metropoli jako je Praha, i z dalSich zapomenutych koutt ¢eské kotliny
obdobné jako v minulych letech odjizdéli sice lehce pod parou, le¢ s nezapomenutelnymi zazitky. Specifi¢nost
tfineckych Hutnickych pivnich slavnosti tak byla kone¢né zaznamenana aZ u centralnich Gfadt. UZ po loniské Gcasti se
jejich originalitou zcela vyvedené z miry zaméstnankyné Patentového Ufadu v Praze rozhodly udélit témto slavnostem
ochranny Patent. Glejt na n&j predaly zacatkem ¢ervence do rukou piedsedy CHS.

Ing. Jan Kobielusz
Predseda CHS, z. s.
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Historie hutnictvi

Historie vyroby kovi a jeji obraz v bibli

11. ¢ast: Politicka, mocenska a strategicka uloha kovu

Ing. Ladislav Jilek, CSc.; Ing. Jan Poéta, CSc.

Ostrava, Ceska republika

Pti popisu historickych udalosti se vétSinou zdiraziuje
vyznam jednotlivych osobnosti. Ten je jisté nepochybny.
Ukazme si vSak na prikladech, jak znalosti zpracovani
kovi ovliviiovaly hospodaistvi a politiku, pficemz se
nelze vyhnout ani strategickym z&mam spole¢nosti —
realizovanym valkami. Ty jsou vZdy hnacim motorem pro
vyvoj novych, progresivnich technologii a materiak.
Kovy zde sehraly zasadni Glohu.

1. Nejstarsi civilizace a poc¢atek doby Zelezné

Se Sirokym vyuZivanim Zeleznych nastroja a zbrani zapo-
cali Chetité, ktefi prisli do Malé Asie v 1. poloving
2. tisicileti pt. Kr. a zacali zde budovat velkou fisi.
Ve vyzbroji armady hojné vyuzivali Zelezné mece. Pred
tim se pouzivaly hlavné dyky, pievadzné bronzové,
a samoziejmé luky a kopi. Zelezo bylo pro tuto civilizaci
strategicky a bezkonkuren¢ni material. Patrné pravé diky
témto mec¢um vybudovali na svoji dobu rozsahlou fisi.
Naskytd se zde prirovnani k vyzbroji pruské arméady
puskami se zadnim nabijenim (zadovka) oproti rakousko-
uherské armadé, ktera méla ve své vyzbroji zastaralé
pusky s prednim nabijenim. Vysledek souboje obou
novodobych {isi v r. 1866 o opanovani stiedoevropského
prostoru a predniho mista v némecky mluvicich zemich
po vice nez 3 tisicich let po Chetitech je lidem znalym
moderni historie jist¢ zndm. Chetité si technologii vyroby
Zeleznych predméta peclivé chrénili. Presto ji vSak
od nich ziskaly okolni narody. Prvé, co potom tyto narody
udélaly, bylo, ze kolem r. 1200 pi. Kr. Chetitskou fiSi
vyvratily. Posledni historické zminky na chetitskou
kulturu se vdzou k roku 717 pt. Kr.

2. Staré Recko a Alexandr Veliky neboli
Makedonsky

Vyznam Zzeleznych mec¢i zachycuje fecky historik: Tam
pod hradbami Tréje padli Achajciim ti nejlepsi, jez rekové
byli. V tu dobu se ze severu do slunné Helady vali nova
vina Reki: a to jsou Dorové. Zbytky statecnych Achajcii se
jeSté postavi na obranu a tasi své bronzové mece. Proti
nim vytasi DOrové své mece Zelezné, které se do bronzu
zakusuji jako do syru. KdyZ dozni 7inceni zbrani, neni uz
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achajského lidu. Jako kdysi nad py3nou Trojou, stoupa
ted’dym nad jejich zemi.

Za nejvétSiho teckého a vibec starovékého dobyvatele je
povazovan Alexandr Makedonsky, zvany jiz za svého
Zivota Veliky. Jisté byl vynikajici vojevidce, avSak nelze
piehlédnout, Ze na jeho Uspé&Sich se podilely kovy.
V Makedonii a Thrékii v severni ¢éasti Recka, kde vladl,
byla bohatd loZiska kovi, piedevsim stiibra. Diky nim
mél dostatek penéz na vyzbrojeni armady. Vybudoval
i silné vojenské lod’stvo. ZaSkodnici z Tyru v noci potaji
piipluli k Alexandrovym lodim a pierezali provazy,
na kterych byly upoutany kotvy. Kotvy se totiZz tehdy
upeviiovaly provazy. Alexandr na to reagoval tak, Ze
kotvy nechal upoutat na fetézy. Z vojenského hlediska
mélo asi nejvétsi vyznam to, Ze Alexandrovi vojaci
pouzivali kalené mece diky tomu, ze kratce pred jeho
nastupem do vlady, tedy jiz za jeho otce Filipa, se zacal
v Recku pouzivat postup kaleni, ktery tehdejsi kovaii
pievzali od Skytht. VIdda makedonské dynastie spada jiz
do helénského obdobi, tj. do doby, kdy se v tehdejSim
zndmeém svéte  Siif  feckd civilizace aZz do velmi
vzdalenych oblasti pies pevninu i mote. Tim doSlo
k dotyku  fecké civilizace sjinymi  civilizacemi
a k snadngjSimu  transferu technologii ob&éma sméry.
Alexandr dobyl v letech 336-323 pi. Kr. ohromné
Uzemi, predevsim Perskou fisi a Egypt. Pak tahl do Indie
a zde vSak neuspél. Lze to vysvétlovat napriklad
vycerpanosti vojska a absenci dostate¢né logistiky. Mélo
by se vSak prihlédnout k tomu, Ze indicka armada méla
rovnéz kalené mece, jejichz kvalita prevySovala fecké
mece. Pozdgji se zacaly nazyvat damascenskymi medi,
onich pojedndval 6. dil tohoto historického serialu.
Indicky malit Ranc¢i namaloval obraz, na némz indicky
panovnik Puru podava Alexandrovi me¢ a sluha piinasi
schranku  (Sperkovnici  pobitou  zlatem) s kousky
damascenské oceli. Tyto polotovary pozdéji dovazeli
vSichni vyrobci damascenskych mecd. Z namalovaného
vyjevu je patrné, jak se damascénska ocel cenila.

3. Rimska Fise

Rimané béhem nékolika poslednich stoleti pied zménou
letopo¢tu dobyli jizni polovinu Evropy a sever Afriky.
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Od 5.stol. pf. Kr. Rimané neuspésné valéili s Galy,
keltskymi obyvateli na Gzemi dnesni Francie. O Galském
kralovi Brenussovi napsal Rimsky historik, Ze vymyslel
novou valeénou zbroj, a to Zeleznou podkovu. Okovana
galskd jizda byla rychlejsi nez fimsk& a méla veétsi vytr-
valost. Posléze viak Rimané nad Galy zvit&zili. Stalo se
to vr. 360 pf. Kr. v bitvé na fece Adda a ziejmé i zde
sehrdla duleZitou roli vynalézavost fimskych kovait.
Rimané se totiZ naucili od Reku kalit mege a fimsky
historik Polybius popisuje vitéznou bitvu nad Galy takto:
Mece Gali se jiZz p7i prvém Uderu ohnuly...Pokud nemél
vojék mozZnost op7it ohnuty mec¢ o zem a nohou ho vyrov-
nat, byl druhy Gder nedcinny. To dokazuje, ze timské
mece jiz byly kalené.

Vaélky, které Rimané vedli, namnoze souvisely se ziska-
nim loZisek kovovych rud. Napriklad ve druhé punské
vélce se fimskému vojevuadci Publiu Corneliu Scipiovi,
zvanému Scipio Africanus, podatilo dobyt Ibersky polo-
ostrov. Podle zprav kronikari béhem nékolika let v tam-
nich stéibrnych dolech v blizkosti Cartageny (v dobé
zaloZzeni mésta pod nazvem Carthago Nova) pracovalo
40 000 otroka, coz je pocet srovnatelny s pocty dobrovol-
nych i nedobrovolnych hornikd v Jachymove ¢i
v ostravsko-karvinskych dolech v 50. letech minulého
stoleti. Pfi budovéni silnic spojujicich administrativni
centrum fise s dalekymi provinciemi méli Rimané dva
cile: prvy byl vojensky — umoznit rychly presun armédy,
druhy byl hospodaisky — umoZznit obchod a také pristup
k loZiskam rud.

Ziskéavani kovia bylo jednim z motiva rozsitovani Rimské
iiSe. Nejuspésnéjsi z hlediska materialniho zisku bylo
dobyti Dacie (dneSniho Rumunska) vr. 101 pt. Kr. za
vlddy Marca Trajana. Vale¢na kotist ¢inila 10 000 otroka,
454 t stiibra a 227 t zlata (ptepocteno na dnedni jednotky).
Véleéné koristi pfi dobyvani provincii byly natolik velké,
Ze se neudavaly v memsich jednotk&ch neZ v desitkéach
tun zlata a sttibra.

4. Kontakty spoleénosti na nestejném stupni
technickeho a technologickeho vyvoje

Technicky a technologicky vyvoj jednotlivych spolec-
nosti, a to i téch, které nebyly izolované, ale byly
v kontaktu (obchodnim i vojenském), nebyl rovhomérny.
O jednu dlouhou historickou epochu mladsi, zhruba
od r. 1200 pt. Kr., jsou Pelistejci (Filistini), kteti obyvali
sttedomoiské pobteZzi Blizkého Vychodu. Zatimco
v dobé, kdy vl&dni systém lzraelci piechazel od soudca
ke kralam, tj. v dob¢ veleknéze Samuela, kréle Saula
a jeho druhého nastupce Davida, proZivali lzraelité jeste
svou dobu bronzovou, jejich rivalové Pelistejsci uz b&zné
vyradbéli a pouzivali Zelezo. Své technologické tajemstvi
si Pelistejci strezili stejné jako pied nimi Chetité. Jejich
Zelezné zbrané rozhodovaly o porazkach lzraelitt v cet-
nych vojenskych stredech. Kovy tedy rozhodovaly
0 mocenské prevaze. Jak je zepizody souboje Davida
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s GolidSem znamo, neméla nadvlada Pelistejct, stejné
jako u Chetitt;, v&ené trvani a patrné houZevnatost Zidi
a jejich spravna strategie jim zajistila historickou budouc-
nost. lzraelité, jak doklada Bible, neméli ani své vlastni
kovaie, a tak si zelezné nastroje, pokud je pouZivali,
obstaravali paradoxné u svych udhlavnich nepiatel —
u sousedu PeliStejci. Kromé mocenského vlivu tedy kovy
rozhodovaly i o politické nadvladé jednéch nad druhymi.
Je znamo, Ze i onen David, ktery byl v nebezpeéi pred
Uklady krale Saula, se skryval na peliStejnském Gzemi
a s pelistejnskym vojskem dokonce ptiSel porazit krale
Saula i jeho syny. Po rtznych bojich, intrikach a Uklad-
nych vrazdach zinscenovanych na vSech soupeficich
stranach a ne nepodobnych Shakespearovym dramatim se
David UspéSné chopil krélovské koruny nad jizni casti
(Judsko), pozdéji nad celou zemi obyvanou Hebrejci.

Obr.1 Spanglé vytlaguji Aztéky z chramové pyramidy; Lienzo de
Tlaxcala [1]

Kovy rozhodovaly o ovladani jedné civilizace nad druhou
i na opac¢né strané Zemé. Silu ocelovych zbrani ukazuje
obr. 1, kde Spanélsti conquistadoti nemilosrdné a kruté
vytlacuji Aztéky z chramové pyramidy v posledni bitvé
panovnika Montezumy (Montecuhzomy) s Cortésem
vroce 1520. Na ilustraci z [1] je vidét marné soupereni
aztéckych dievénych a kamennych zbrani se Spanélskou
oceli. Vysledkem technologické prevahy Spanéld,
a samoziejmé téZ nejednotnosti jednotlivych indianskych
komunit a méstskych statt, byla dplna likvidace celé
jedné dvousetleté iiSe ve Stiedni Americe v rozmezi pou-
hych nékolika let (1519 — 1591). Podobné, mozna jeste
horSi zpravy mame o dobyti Incké ¥iSe dobrodruhem
Pizarrem. Tento conquistador se Usty Ucastnika dobyva-
telské expedice Franciska de Xereze v jeho zpréavé cisafi
Karlu V. [2, 3] chlubil, Ze si Inckou fiSi podrobil jen
s nékolika sty vojaky (napsal 200). Ti byli proti primitiv-
nimu vyzbrojeni inckych vojsk vybaveni jiz i strelnymi
zbranémi.
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5. Némecko

Podobnych piiklada, kdy kovy byly vzdy daleZitou sou-
casti vélecnych reparaci, lez nalézt mnoho. Zminime se
alesponi 0 Némecku.

Kanclér Bismarck, ktery v 2. poloving 19. stol. sjednotil
Némecko a vedl UspéSné valky, rovnéz vychazel ze
sily dobte vyzbrojené armady. Ve 2. poloving 19. stol.
postavil Krupp ve své kovarn¢ prvné buchar 25 t a pozdgji
buchar 50 t. Na nich se kovaly délové hlavné z ingott
o hmotnosti az 2 t, coz byla na tehdejSi dobu Spicka.
Kované hlavné maji totiz vétsi Zivotnost a umoziiuji veétsi
dostiel. Pred tim se hlavné dél odlévaly, nanejvys se
vloZkovaly kovanymi pouzdry. Diky témto délam
Bismarck porazil v letech 1870 — 1871 Francii.

Rovnéz Hitler zacal své zbrojeni vybudovanim lisa pro
volné kovéni o sile 120 az 150 MN. V prab&hu valky
spojenci obdivovali souc¢éstky v sestielenych letadlech
a usoudili, Ze v Némecku musi pracovat nejméné jeden
obii lis pro z&pustkové kovani. Veleni spojeneckych sil
natidilo vyhledat zavod, kde takovy lis stoji, a znicit ho.
Nepodatilo se to. Az po skonéeni valky zjistili, ze
v Némecku pracovaly dva lisy pro zapustkové kovani
o sile 150 MN a v tovarné IG-Farbenwerken v Bitterfeld
nalezli dokonce hydraulicky lis o sile 300 MN. Tento lis
mél osm sloupid. V ramci demilitarizace Némecka byly
zde vSechny lisy nad 100 MN zlikvidovany. Lis 300 MN
si v3ak odvezl v rdmci vale¢nych reparaci Sovétsky svaz.
Naproti tomu Ameri¢ané si odvezli konstruktéry, ktefi
tyto lisy navrhovali.

6. Studena valka

Povéle¢né obdobi se vyznacovalo vyvojem a zavadénim
novych zbrani. PredevSim 8lo o rozvoj leteckych sil
a raketové techniky. To si vyZadalo zvladnout jednak
vyrobu lehkych slitin a jednak vystavbu mimofadné
velkych lisii pro zépustkové kovani, protlacovani a izo-
termické tvaieni.

Jiz pred 2. svétovou vélkou byla zavedena vyroba duralu,
tedy slitiny hliniku s 5 % médi a malou prisadou manganu
a hoi¢iku. Tato slitina se vyznacuje vysokou pevnosti
atvrdosti a vyhodnymi vlastnostmi pro strojirenské
zpracovani. Je vSak nachylna ke korozi. Proto se preslo se
na slitiny hliniku svyznamnym obsahem hoi¢iku
a dalSich prvka. USA nemély Zzadné znamé loZisko
hoiciku. JelikoZ nechtély byt v této strategické suroving
zavisli na dovozu, zavedly vyrobu hotéiku z moiské vody.
Pozdgji v3ak nasly loZiska dolomita, tedy suroviny
obsahujici hoitik a vhodné pro jeho vyrobu. Dale se
zacaly pouzivat slitiny titanu. Prvné je pouzili
v Sovétském svazu, teprve pak je zacali vyuzivat v USA.
Rikéa se, Ze americti Spioni nebyli schopni odhalit, kde
a jakym zpiasobem Rusové tento titan vyradbgji. Jeden
takovy lis na titan, ktery jako prvni zacal pracovat
v byvalém Sovétském Svazu a vyrobeny znamym
dodavatelem té&zkych tvaiecich stroji a valcovaciho
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zatizeni Novokramatorskym metalurgickym zavodem
NKMZ na Ukrajing, ukazuje obr. 2.

Obr. 2 Lis pro vyrobu velkoobjemovych dilt z titanu

V r. 1951 vlada USA pristoupila na pozadavek vzdusnych
sil a objednala konstrukci velkych hydraulickych list.
Plan byl ukon¢en vr. 1961, kdy pracovaly uz 2 lisy po
450 MN (Mesta, Pittsburgh) a nékolik ponékud mensich
list pro protlacovani. Soubézné stim se stavély lisy
v tehdej$im Sovétském svazu. Udaje o nich jsou nedo-
stupné. Vime vSak, Ze nejvétsi z nich mél silu 750 MN
a vyrobil ho stejny Novokramatorsky metalurgicky zéavod
na Ukrajiné (obr. 3). Dokonce zde byl v osmdesatych
letech zkonstruovan lis 850 MN, ktery vSak jiz nebyl
vyroben. Na konstrukci téchto list povolali do tymu
i osvédcené konstruktéry z Ceskoslovenska. Pamétnici
z Vitkovickych Zelezaren nebo Skodovych zavodi
amoznd i z jinych zavodu si jisté pamatuji na druzbu se
sovétskymi partnery v 70. a 80. letech minulého stoleti,
jejimz cilem bylo ono technické vybaveni sovétské
vyrobni z&kladny pro zbrojni pramysl.

Vystavba takovychto lisa je technicky velmi naro¢na.
Ostatni velmoci, které chtély rovnéz rozvijet letectvo
a raketové zbrang, se nepoustély do vlastni konstrukce
vyrobniho zatizeni. Velka Britanie zakoupila takovéto
lisy v USA. Francie, ktera za vlady De Gaula vy¢lenila
sva vojska z pasobnosti veleni NATO, méla pti nakupu
specidlni techniky potiZze. Nakonec ziskala lis o sile
650 MN v tehdejSim Sovétském svazu. Tento lis byl
instalovan vr. 1977 vzavodé Interforge v Issosire
a pracuje tam dodnes. To umoznilo statim vlastnicim
téZzkou specidlni techniku budovat vlastni letectvo
a vyrabét rakety.
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Obr. 3 Lis 630 MN vyrobeny zadvodem NKMZ pro Francii

7. Reflexe vyznamu kovi v Bibli

Je vidét, Ze zvladnuti vyroby a zpracovani kovia mélo
v celé historii dulezity vyznam, ktery nékteti historici
ponékud prehlizeji. Kupodivu tomu tak neni v Bibli.
Zminili jsme se o tom, Ze jsou zde pfiznany potize, které
zpusobily okované vozy pti obsazovani zaslibené zemé.
KdyZ ji dobyvatelé piece jen obsadili, Pelistejci jim
branili v rozvoji hutnictvi, jak bylo citovano vyse.

TéZz pii odvadéni Zida do babylonského zajeti v r. 609
pt. Kr. byli prvng odvedeni tesati a kovéfi, aby byl Izrael
co nejvice oslaben: Prestehoval cely Jeruzalém...vSechny
tesaie a kovare (2Kr 2,14). Tesaii spolu s kovéii tehdy
vyrdbéli i vale¢né vozy. Tehdy jeSté nebyly oddéleny
profese tesai, kolai a truhlar.

O tom, Ze kovy byly brany jako vélec¢na kofist, je zminka
na mnoha mistech, napt.:

Z Betachu a Berotaje, Hadad-ezerovych mést, pobral kréal
David velké mnozstvi medi (2S 8,8).
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@iéak, kral egyptsky...pobral zlaté Stity, které poridil
Salomoun. Misto nich poridil kral Rechabeam Stity
bronzové (2Pa 12,9n).

Bronzové sloupy, které byly u Hospodinova domu,
podstavce i bronzové more, které bylo v Hospodinove
domé, Kaldejci rozbili a meéd’ z nich odvezli do Babyl6na
(2Kr 25,13n).

Vyroba kovu je v Bibli chapana jako zcela sekularni zale-
Zitost. Je to vyrazny rozdil od mythologie ostatnich
narodi. V dobé& vrcholici antické kultury kdy je vyroba
kovi, piedevsim Zeleza, povaZzovana za puavod valek
a veSkerého zla se v Bibli mluvi o vyrobé a zpracovani
kovi v fadé piipadt neutrdlng. Je to povazovano za dilo
disté lidské, které je dobré ¢i Spatné, podle toho, jak je
dobré ¢i Spatné lidské srdce. Pouziti zlata na vyrobu
zlatého telete je Spatné, pouziti stejného zlata na vyzdobu
Jeruzalemského chramu je véc chvalyhodnd. Ostré
vypady antickych autori proti Zelezu apoStolové nijak
nereflektuji. Z knih klasikt sice vznika dojem, Ze to byl
problém, ktery hybal celou spole¢nosti. Ve skuteénosti asi
trapil jen Uzkou vrstvu intelektudli. Lze spiSe fici, Ze
apostolove byli ve styku s prostymi lidmi. ApoStolové
nepsali své dopisy klasickou bésnickou tectinou, ale
hovorovym jazykem. Mezi témito prostymi lidmi se asi
nefeSila otazka, zda zakazat vyrobu Zeleza, tito lidé byli
patrné s uzivanim kovovych predmétti srozumeéni a spo-
kojeni.

Historické pisemné fragmenty, historickd literarni dila,
Bible a dalSi doklady svéd¢i o strategické nadvlade Zeleza
nad médi a bronzem a jinymi materialy pouzivanymi pied
nim. Kromé vySe zminénych udalosti zde lze citovat
zpravy od antickych autori o porazce Troje dorskymi
vojsky. V8echny ¢ésti tohoto historického serialu o Gloze
kovi v biblickych ¢asech, s piesahem do historie podlo-
Zené pisemnymi doklady i do souc¢asnosti, ukazuji, Ze
ze vSech materiald, které lidstvo pouzivalo, mély pro jeho

vivs

vyvoj nejzasadnéjsi vyznam kovy.
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RIZENT PROMYSLOVYCH SYSTEMU

Studijni program vychazi ze systémového, integralniho pojeti fize-
ni pramyslovych aktivit a procesid v podminkach trzni ekonomiky.
Jako vyvazené propojeni znalosti primyslové podnikatelské eko-
nomiky, teorie a metodologie primyslového managementu se zna-
lostmi technickymi a technologickymi, je studijni program orien-
tovan zejména na vyrobni systémy ve sféfe metalurgicke, chemic-
ké a strojirenské, avsak zasahuje i do oblasti nevyrobni sféry.

#fmmiostrava

ZAUJALY VAS DOKTORSKE STUDIJNI PROGRAMY NA FMMI?

S podrobnou charakteristikou jednotlivych studijnich programtl a oborl se mizete seznamit na webu www.fmmi.vsb.cz.
Absolventi doktorského studia FMMI se uplatni v materialovych, metalurgickych, chemickych a ekonomickych oborech,
ale také ve védecko-vyzkumnych organizacich ¢i organizacich statni spravy.

PRIHLASKU KE STUDIU lze podat elektronickou formou prostfednictvim formulafi dostupnych
na www.fmmi.vsb.cz nebo pisemné na adresu studijniho oddéleni:
FMMI, VSB-TUOQ, 17. listopadu 15, 708 33 Ostrava-Poruba.

17. listopadu 15/2172, 708 33 Ostrava - Poruba, +420 597 325 552, monika.barcova@vsb.cz

www.fmmivsb.cz

Facebook, Instagram: fmmiostrava




FAKULTA METALURGIE A MATERIALOVEHO INZENYRSTV,
VSB-TUO PRO AKADEMICKY ROK 2017/2018 NABIZi STUDIUM
V BAKALARSKYCH STUDIJNICH PROGRAMECH:

METALURGICKE INZENYRSTVI

¢ Moderni metalurgické technologie

¢ Tepelna technika a keramické materialy
e Umélecke slévarenstvi

MATERIALOVE INZENYRSTVi

¢ Progresivni technické materialy

* Materialy a technologie pro automobilovy primysl
* Recyklace materiald

PROCESNI INZENYRSTVi

¢ Procesni inZenyrstvi a metody kontroly kvality

e Chemie atechnologie ochrany Zivotniho prostredi
EKONOMIKA A RiZENI PRUMYSLOVYCH SYSTEMU

* Ekonomika a management v primyslu

e Automatizace a pocitafova technika v primyslu

* Management kvality

PRO AKADEMICKY ROK 2017/2018 NABIiZiME ROVNEZ
STUDIUM V MAGISTERSKYCH NAVAZUJIiCICH
STUDIJNICH PROGRAMECH:

METALURGICKE INZENYRSTVi

e Moderni metalurgické technologie
 Tepelna technika a keramické materialy

MATERIALOVE INZENYRSTVi

 Progresivni technické materialy

 Materialy a technologie pro automobilovy pramysl
e Recyklace materiald

¢ Biomechanické inZzenyrstvi

PROCESNI INZENYRSTVi
e Chemické a environmentalni inZzenyrstvi

EKONOMIKA A RiZENi PROMYSLOVYCH SYSTEMU

* Ekonomika a managementv primyslu

 Automatizace a pocitacova technika v primyslovych
technologiich

e Management kvality

S podrobnou charakteristikou jednotlivych studijnich programt a oborl se muZete seznamit na webu www.fmmi.vsb.cz.
Po (spéSném absolvovani bakalarského studia lze pokracovat v magisterskych navazujicich studijnich programech fakulty.
Absolventi FMMI se uplatni v materialovych, metalurgickych, chemickych, ekonomickych a ekologickych oborech, ale také

ve védecko-vyzkumnych organizacich i organizacich statni spravy.

PRIHLASKU KE STUDIU lze podat elektronickou formou prostfednictvim
formulari dostupnych na www.fmmi.vsb.cz do 10.8.2018.
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