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Abstract: Industrial enterprises are now obliged to solvaglicated and comprehensive problems. As a rués, lkave
a multi-criteria character, whereas separate @iteve fundamentally different properties. Logsstinathematics-based
tools enabling the evaluation of these complicatezblems are being more and more applied at preseabmmon
problem can be the evaluation of a series of sepploffers for commodities, which are typical bwide spectrum of
properties. It could be, for example, input praéc raw materials. A possibility of the use of lemhatic tools in
evaluating the quality of the ore raw materials aaslysed within the performed investigation. Thpgy deals with an
analysis of the results in determining a relevargartance of separate criteria.

1 Introduction interpretation of information used for decision-rnimak

The tasks of multi-criteria decision-making in our4,5]-
understanding is such decision-making tasks, irchtiie Another aspect is range and character of critetiach
consequences of particular decisions are evalubged characterize this decision-making problem. We ofteret
several criteria. The settling of a task of mutitaria With problems in the sphere of logistics, which gycal
decision_making is’ then' a procedure, by appmmf by a wide S-peCtrUm of Crlt.erla, which addmonalﬂgye
which we are able to find out an optimal statéhefsystem, absolutely different properties [6]. We have tothgsize
and that is with regards to more than one consideréully different properties for the evaluation. Agsibility
criterion [1]. of the use of tools of multi-criteria decision-madgiin the

Decision-making pr0b|ems and processes can waluation Of Ore- raVy materials was analysed Wlthm
divided by many aspects. At basic classification dperformed investigation. The fundamental aspedhes
decision-making prob|ems and processes, we Camuséletermination of importance of the evaluated ddtar a
division to sufficiently and insufficiently strugted form of weights. Accordingly, their value determsnine
decision-making problems, when the basic classifica result of evaluation. A method of paired comparises
aspect is the division of the prob|ems by aspedhefr used within the investigation. This tool enables
complexity and ability of algorithmization; decisio catic :
making processes under conditions of Certainty( as evaluation is based on a preference of one of Brsions.
uncertainty, whereas the classification aspect is

information on the states and consequences ofdtsions 2  Importance of the evaluation criteria

with regard to separate evaluation criteria; depahdnd
independent decision-making processes [1,2].

As a rule, the sufficiently structured decision-tngk
problems are repeatedly solved on the operativel lefv
management and there are routine procedures of
solution for them. What is typical for these probteis that
variables, which occur in them, can be quantified, as a
rule, have the only quantitative criterion of exalan [3].
The insufficiently structured decision-making prels
are typical by such characteristics as a solutfohigher

While using most of methods of multi-criteria déais
making, it is firstly required to determine a wdighf

separate criteria of evaluation. The preferences of

particular criteria are expressed by criteria wibgh
ttespectively their values, and information on et
importance of separate criteria is thus specifidd This
importance can be expressed by a vector of thehigeif
the criteria. The more significant the criteriontie higher
weight it has, and conversely, less significarteaa have
lower weights. That's why the weights of the cideare

levels of management, their novelty and often noroccasionally called as importance factors [8].rctice, it

repeatability, a necessity of application of a twea

is very difficult to obtain precise values of theights from

approach, the usage of knowledge, experience aadiser;that's whythere was developed a seriegitfods,

intuition, existence of a higher number of criteida the

by means of which estimations of the weights aségied

evaluation of the solution versions or complicatedn the basis of simple subjective information fribi@ user.

The methods of the weights determination can brleliv
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to two classes. As far as the determination ofwhights
is independent of the knowledge of impacts of #rsions,
methods of direct determination of the weightslmansed,
such as a point scale, allocation of 100 pointo(egferred

quality, which will be expressed itself by worsemithe
technological parameters of the high-furnace pcdisis
necessary to realize in this regard that the eneatgpsity
of the production of raw iron directly depends dre t

to as the point method) and a method of weighgroperties of the used ore, and - thus - the qre djrectly
determination by comparison of the criteria by ngeah determines the production costs.

their preferential order. Methods based on the epair

comparison includes a paired comparison methodghwhiK2 - Iron content

uses so called the Fuller's triangle, and Saatgthad. In The content of iron belongs to the basic charasttesi
case that the results of the methods have to berkn@ of the demanded raw materials influencing
compensation method is used to determine the weight effectiveness of the entire process. The conteibafin

the

criteria. The method of gradual weights allocatiahjch
can be combined with other methods, is used in whsa
a great number of criteria is available.

3 Criteria of evaluation of an oreraw
material

The evaluation of quality of the ore batch can b

realized from different points of view. In prinaiplthree
basic possibilities can be identified:

» evaluation of the behavior of ore while its lowerin

through the well of the high furnace,
* single-purpose proving tests serving for
determination of a selected metallurgical indicator
* complex approaches for the evaluation of ores.

The problem of evaluation of the ore raw materisils

the

the ore raw materials shouldn't be long-term utidetimit

of 50 %. Raw materials containing iron in an amount
higher than 65 % may be considered as excellerg. Th
content of iron is naturally given by a type of goxide,
carbonate, silicate).

K3 - Orestrength after testingin adrum
The ore strength belongs to the physical properties

influencing the high-furnace process. The strenigth
expressed by a share of class under 0.5 mm ane &b8v
mm; and after testing in an ISO drum should be gglye

the share under 0.5 % should be lower than 5 %ries
and pellets, the share of class under 6.3 mm shoaild
higher than 75 % for ores and higher than 90 %étlets.

K4 - Homogeneity of lumpiness
Homogeneity of lumpiness, which was evaluated en th

complicated with regard to the wide spectrum of thg,gis of 5 coefficient of variation, was selectethe fourth

relevant criteria, which evaluate
characteristics and have different dimensionalaidirs. It
very complicates comparing particular types of @ee of
the opportunities is the use of the multi-critenathematic
methods for the evaluation of ores. Firstly, howeiteis

necessary to determine the importance (the weight)

particular criteria. The following seven criteriaene
selected for the evaluation of the ore raw matgrial

fully different

evaluating criterion. The coefficient evaluatedadaitity in
a form of percentage, and its growing value medngteer
rate of fragmentariness. The ore lumpiness beltmgse
frequently used international classification scalesres,
which set up raw materials to several groups.

K5 - Phosphor us content
The content of negative elements in the high-fuenac

1. Ore price (dollar / ton)

2. Iron content (%)

3. Ore strength after testing in a drum, accorttin@O
(%)

. Homogeneity of lumpiness (Vx, %)

. Quantity P (%)

. Reducibility (%)

. Humidity (%)

process is very crucial. The negative elementsbeam
cause of violation of the course of the high-fumpoocess
and invoke a quite a few of typical causes. Thetmos
frequent of them are sudden changes of the spegésof
flowing, a swift decrease of the batch, an excessiv
warming-up of the well of the furnace. Also, visitpof
slag or raw iron is often changed, which meanslprob
with their withdrawal from a high furnace. Othefeets
o ) can be related to the influence of the service difehe
Criterion 1 (hereunder referred asK1) - Price lining and its integrity. A series of these causas be

The ore price in the present economic conditions, sed by pollutants, such as alkaline carbonates,
belong to the key parameters. Strong competitioke®ia ysphorus, lead and other negative elements.
metallurgical enterprises continually search foteptal

savings. Therefore, the ore ingredient as a bapiatiraw ¢ _ Reducibility
material for the high-fuace process is a dominant the gixth evaluating criteria is reducibility, whic
component from the costs point of view. Lately fitice  pejongs to the important properties of the metadtitch.

of ore strongly ﬂuctqates, which naturally _influm:s_ the The reduction of iron oxide belongs to the elemmsnta
cost level of the entire process. Metallurgicaleepitises processes ongoing in a high furnace. The reducing

often struggle to look for cheaper sources of @® I processes proceed practically in the entire highaice
materials, which, however, can mean a significantyse  yith the exception of relatively small oxidizingages in
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the well. Reducibility of ore fundamentally influegs the where

effectiveness of the entire high-furnace process. n —total number of criteria
pi —order of each of the criteria depending on thelmem
K7 - Humidity of the obtained preferences,
The last evaluating criterion is humidity, i.e.@aqtity 1. Evaluation of the determined weights
of H20 concentrated in the ore raw material. Theteat 2. Determination of the order of particular criteria

of free or bound water can also essentially infbgethe
costs of both agglomerative and entire high-furnace The paired comparison method was applied within the

processes. performed investigation for the evaluation of thiéecia
importance for the evaluation of iron ore. The mesjents
4 Theresults of the perfor med in the company, dealing with the metallurgical prctibn,

carried out evaluation of the followed criteria lwitelp of
o . . the binomial comparison system. The record of etan
For the estimation of the weights, the method afep is part of Table 1. The left part of the table eams$ a record

comparison or_lly uses mformatlpn about which oftihe of the performed decisions. The votes assignedath e
compared criteria is more important. The resolve

duall ht iteri B thériterion Ppi) were also summarized. Based on the
gradually compares €ach two critéria among eactr.o assigned votes, an order of particular criteriacaaspiled.
The comparison can be carried out in the Fullggagle.

Firstlv. we firmlv number the criteria by se uehtiaA criterion which obtained the highest number dfegois
numgérs: 1,2 ...ky Afterwards, a triangle yschgme ispm on the first place. The last step was the éatiem of

; the normed weights with help of the formula (1). An
presented to the resolver. Its double-rows corairs of example of weigr?ts calculationp @)
the sequential numbers configured so that each ipair '
unique here. The resolver is required to mark sach

investigation

criterion for each pair which he/she considers ¢otfe V, = _7+1-3 =01785

most important. 7(7+1)/2
Considering the above, the base for the paired 74+1-2

comparison method is the comparison of all criterithe V, =———-=0,2142

pairs with the aim to determine how many times each 7(7+1)/2

criterion is considered to be the most significamt 7+1-1

comparison with all other criteria. The most sigift Vi; =—=————-=0,2500

criterion is thus a criterion with the biggest nentof (7+1)/12 ——

preferences. The preferences are considered as non- 7+1-7

normed weights, which have to be consequently Vi, =—=——-=0,0357

recalculated to the normed ones. Sometime, howeaver 17+ /12 ——

certain criterion obtains a zero preference, wtslcbuld 7+1-6

mean that is has zero importance. But, based on the Vis = TJ./Z: 0,0714

principle of the selection of the criterion for d#on- ( )

making, it is unequivocally clear that each sekécte _ 7+1-5 _

criterion has a certain importance. In this case, a Vie _W_O’]-O?l

additional consideration of the obtained preferente

being performed. The procedure of the determinatfdhe V. = 7+1-4 _ 01428

i7 = ’

weights with help of the paired comparison methaxl loe
divided into the following steps:

1. Determination of the number of preferences for each All steps of the paired comparison method are shown
criterion (i) (how many times each criterion is MO8 Table 1p The calgulated weiphMiX are an evaluation
significant than all others) : 9

: : . o criterion, according to which all criteria are ccemgd. The
2. Calculation of the weights of particular criteria) ( . P o ) . :
according to the formula (1) higher the criterion weight is, the higher impodarit has.

77+1)/2

n+1- pI

Vi T n(n+1)/2 1)
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Table 1 Record of the paired comparison method

Ky | K | K | Ky | K | Kg | K- K; Ppi P; Vi
2 3 1 5 1 1 K; 3 3. 0,1785

3 2 2 2 7 K, 4 2. 02142

3 3 3 3 K 6 1. 0.2500

5 6 4 K4 1 7 0,0357

6 7 Ks 2 6. 0,0714

7 Ks 2 5. 0,1071

K- 3 4. 0,1428

The final order of the followed criteria for the place; and - on the contrary - the worst evaluasdaor the
evaluation of ores is shown in Table 2, and inranfof a  criterion No. 4, which was evaluated by the lowesight.
diagram in Figure 1. The criterion No. 3 is on firet

0.3

0.25

0.2

Scale 0.15
0.1
0.05 I I
K1 K2 K3 K4 K5 K6 K7

Followed criteria

Figure 1 Values of the weights determined by theegacomparison method
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Table 2 Total evaluation of the paired comparisagthnd

Criterion K1 K2 K3 K4 K5 K6 K7 >
Weight 0.1785] 0.2142 0.2500 0.03%7 0.0714 0.10701428 1
The weights determined for the specified critesa be [8] MONCZKA, R, M., HANDFIELD, R., B,

used in evaluating particular ore raw materialse Th  GIUNIPERO, L.: Purchasing and Supply Chain

weights finally represent an importance of separateria.

5 Concluson _
The tools on the basis of the paired compariscer @i Review process

interesting occasion how to easily determine theingle-blind peer review process.

importance of particular criteria. Their usabilisymainly
suitable where a wide spectrum of criteria must be
evaluated. In this case, it will be always compkcbfor a
respondent to divide weights between a bigger nusntie
criteria in case of the paired comparison, on thgosite,
the respondent has to make a decision just betiveen
alternatives. This aspect fundamentally simplifilbe
entire decision-making process. The paired comparis
method was applied within the realized investigatbthe
evaluation of the ore raw materials. Its simplicity
universality and algorithmic unpretentiousness endie
use in a wide spectrum of industrial spheresustge can
be high-effective in the sphere of the industragistics,
where there are problems having a similar multecia
character.
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