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Abstract:

Introduction/purpose: Turning is a typical machining process. However, an
appropriate solution for a concurrent optimization of minimizing surface
roughness, minimizing cutting forces and vibrations, and maximizing the
material removal rate in turning processes has not been found yet. This
article formulates the rule of separating an independent attribute from
multiple attributes by using the linear correlation coefficient in the spirit of
the cluster analysis first. Moreover, the evaluation of the concurrent
optimization of steel turning by means of probability - based multi -
objective optimization (PMOO) is taken as an example to show the
procedure including the separation of an independent attribute from
multiple attributes by using PMOO.

Methods: PMOO is a promising solution for turning processes. It is
necessary to have an independent attribute in the evaluation of PMOO to
be analogical as an independent event in the view of the probability
theory. The separation of an independent attribute from multiple attributes
by using the linear correlation coefficient is conducted in the spirit of the
cluster analysis. It further assumes that if the linear correlation coefficient
of two attributes in the cluster analysis is higher than 0.8, i.e., in case of
very strong correlation, then they could be put into one category, and only
one of them could be taken as an independent attribute to join the
evaluation of PMOO.

Results: The formulation reflects the essence of PMOO and its application
in material machining rationally, which opens a new way for solving the
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relevant problem. The example of the parameter optimization of steel
turning by means of PMOO indicates the rationality of the appropriate
solution.

Conclusion: This innovative study has practical significance of making the
utilization of PMOO method reasonable by providing a rational rule of
separating independent attributes from multiple attributes of PMOO.

Key words: multi — objectives, cluster analysis, independent attributes,
linear correlation coefficient, metal turning.

Introduction

Turning is a typical machining process. The number of turning
machines is about 30% of all cutting machines in a cutting workshop
(Thien Van et al, 2021; Hegde et al, 2022; Yildiz et al, 2023, Nguyen &
Vo Thi, 2022).

The surface roughness of machining, cutting forces, vibrations, and
the material removal rate (MRR) are usually used as the assessed
attributes of quality evaluation for the overall machining process. In order
to ensure the minimum value of surface roughness, Taguchi design and
the Response Surface Method (RSM) were frequently used to conduct
the optimization of cutting parameters such as cutting velocity, feed rate,
and cutting depth in the turning process for various materials with
minimizing surface roughness, or minimizing cutting forces, or
maximizing the MRR, solely (Thien Van et al, 2021; Hegde et al, 2022;
Yildiz et al, 2023, Nguyen & Vo Thi, 2022; Irzaev et al, 2021).

However, until now, an appropriate solution for a concurrent
optimization of minimizing surface roughness, minimizing cutting forces
and vibrations, and maximizing the MRR in turning processes has not
been achieved yet (Thien Van et al, 2021; Hegde et al, 2022; Yildiz et al,
2023, Nguyen & Vo Thi, 2022; Irzaev et al, 2021).

Actually, the concurrent optimization of minimizing surface
roughness, minimizing cutting forces and vibrations, and maximizing the
MRR in turning processes is a typical optimization problem with multiple
objectives (attributes); it is essentially focused on the simultaneity of the
optimization of multiples objectives.

Probability — based multi — objective optimization (PMOO) is a newly
developed approach to conduct the concurrent optimization problem of
multiple attributes (objectives). A new idea of preferable probability and
its assessment have been put forward (Zheng et al, 2024).

The core content of PMOO is taking the "simultaneous optimization
of multiple attributes" from the entire or systematic viewpoint of the
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system theory; therefore, a probability - based method was formulated on
the basis of the probability theory and the set theory, taking each
attribute as an independent event in the subsequent treatment.

The advantages of PMOO are its probabilistic foundation in view of
the system theory, rationality and certainty of its solution without any
artificial factors, and a simple and convenient algorithm in mathematical
treatment, which are obviously superior to other methods of multi-
objective optimization such as the Analytic Hierarchy Process (AHP), the
VISekriterijumsko KOmpromisno Rangiranje (VIKOR), the Technique of
Ranking Preferences by Similarity to the Ideal Solution (TOPSIS), Multi-
Objective Optimization (MOO) on the basis of the Ratio Analysis
(MOORA) , the Pareto solution, the Grey Relational Analysis (GRA), etc.
(Zheng et al, 2024; Salomon, 2019). Besides, this approach is superior
regarding simplicity in data processing to other metaheuristics.

The new approach could be employed in many fields involving
multiple attributes, including energy planning, economic affairs, operation
research, programming problems, material selection, mechanical design,
etc. Therefore, PMOO is a promising solution for a concurrent
optimization of minimizing surface roughness, minimizing cutting forces
and vibrations, and maximizing the MRR of turning processes in view of
the system theory (Zheng et al, 2024).

Moreover, from the perspective of the probability theory and the set
theory, the intersection of independent events and the joint probability of
independent events could be used to characterize the concurrent
occurrence of multiple independent events as the concurrent optimization
of multiple attributes. In this way, when it allocates each attribute to an
independent event, the problem of the simultaneous optimization of
multiple attributes becomes "rule - based". However, the allocation of
each attribute to an independent event naturally relies on the separation
of independent events from multiple attributes such that the PMOO
method could be used rationally.

Thus, separating an independent event from multiple attributes is of
considerable significance to ensure the appropriate application of the
PMOO method in material selection.

While, the cluster analysis could fortunately be employed to conduct
the separation of an independent attribute from multiple attributes. By
classifying things rationally, problems in the material world could be
clarified and understood gradually (Backhaus et al, 2021; Scitovski et al,
2021). In the process of the cluster analysis, the class is often not given
in advance, but it needs to be determined according to the characteristics
of the observed data, and there is no need to make any assumptions
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about the number and structure of classes. In the clustering results,
attributes belonging to the same class tend to be similar to each other in
a sense, while attributes belonging to different classes tend to be
dissimilar. The purpose of the cluster analysis is to classify attributes into
several classes according to certain rules. The cluster analysis can be
divided into the Q — type cluster analysis and the R — type cluster
analysis in accordance with different classification objectives. The Q -
type clustering analysis is for samples and the R - type clustering is for
performances (Backhaus et al, 2021; Scitovski et al, 2021).

Generally speaking, according to the degree of similarity, attributes
(or samples) are classified one by one; closely related classes are
clustered into a small taxon, and then gradually expanded, so that the
alienated ones are clustered into a large taxon, until all samples (or
performances) are clustered, forming a cluster diagram that represents
the affinity. Samples (or performances) are classified in accordance with
some requirements in turn (Backhaus et al, 2021; Scitovski et al, 2021).

The general viewpoint of classification is that the closer the similarity
of attributes is, the closer their similarity coefficient is to 1 or —I, while the
similarity coefficient of unrelated attributes is closer to 0.

Those with higher similarity are classified into one category, and
those with higher dissimilarity are classified into different categories. The
distance in the variable "space" is the characteristic between the "points".
Each sample is regarded as a point in the P-dimensional space, and the
distance between the points is measured by some kind of measurement.
The points that are closer to each other belong to one category while the
points that are farther away belong to different categories.

This paper mainly focuses on separating independent attributes from
multiple attributes of PMOO in respect of the R - type cluster analysis
rationally, so as to guarantee the appropriate application of the PMOO
method in material selection first. The evaluation of steel turning by
means of PMOO is presented as an example of the process of
separating independent attributes from multiple attributes for subsequent
evaluation.
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Procedure of separating an independent attribute
from multiple attributes in PMOO for material machining
by means of the cluster analysis

The formulation of separating an independent attribute from multiple
attributes in PMOO for material machining by means of the cluster
analysis is as follows:

1. Representative of similarity

As a representative of similarity, the linear correlation coefficient is
frequently employed as a branch to identify similarity (Backhaus et al,
2021; Scitovski et al, 2021).

The linear correlation coefficient is defined by

m m m
rjk ZZ(yij _uj)'(yik _uk) [Z(yij _uj)z 'Z(yik _uk)z]o.s

i=1 i=1 i=1 . (1)

In equation (1), rik is the linear correlation coefficient which is
employed to identify the degree of linear correlation between two
attributes y; and yi; uj is the average value of the j-th attribute and u is
the average value of the k-th attribute.

Obviously, the linear correlation coefficient is just the right coefficient
to reflect the linear proportional relationship between two attribute
indexes yj and yi; it is more reasonable to reflect the similarity between
samples or attributes; in addition, the linear correlation coefficient also
has the invariance of normalization similar to the equation (Backhaus et
al, 2021; Scitovski et al, 2021).

2. Rules of separating an independent attribute from multiple
attributes

As mentioned previously, in the PMOO method for material selection,
allocating each attribute to an independent event depends on
differentiating an independent event from multiple attributes through the
cluster analysis. This section gives the formulation of separation of an
independent attribute from multiple attributes.

In the light of the general rule of the R - type clustering analysis for
performance classification and the advantage of the linear correlation
coefficient in the cluster analysis, the linear correlation coefficient is
employed to formulate the separation of an independent attribute from
multiple attributes. The appropriate rules are given in the following steps:
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a) Evaluations of the similarity of attributes and classification

The linear correlation coefficient in the cluster analysis is used to
characterize the similarity of attribute indexes in the performance
classification first.

b) Identification of the attribute category

As for the attribute classification, it further assumes that if the linear
correlation coefficient of two attributes in the cluster analysis is higher
than 0.8, i.e., in case of very strong correlation, they can be put into one
category, and only one of them can be used as an independent attribute
to join the evaluation of PMOO while the attributes with the linear
correlation coefficient lower than 0.8 in the cluster analysis are
considered to be in different categories.

c) Evaluation of an independent attribute in PMOO for material
machining

Take each independent attribute to join the evaluation of PMOO for
material machining only. Especially, if more attributes than the
independent attribute are used to join the evaluation and the analysis of
the multi - objective optimization problem, it is equivalent to the increase
of the weighting factors of the corresponding attributes.

Application in the optimization of the steel turning
parameters

Thien Van et al. reported the results of the multi - objective
optimization problem of turning EN 10503 steel by using the VIKOR
method (Thien Van et al, 2021). However, the shortcomings of the
“closeness” to the “virtual ideal solution” and the additional weighting
factor of the VIKOR method remained.

In this article, the multi - objective optimization problem of the turning
of EN 10503 steel is re-analyzed by means of PMOO with the cluster
analysis rationally. In Thien Van’s research, the cutting velocity n, the
feed rate f, the depth of cut t, and the insert nose radius r were chosen as
the input parameters with three levels for each parameter. Taguchi's
orthogonal array Lo(3*) was used to conduct the design and experiments,
as shown in Table 1. The surface roughness Ra, the cutting force
components Fy, Fy, and F; (in the x, y, and z directions), the vibration
component amplitudes Ay, Ay and A; (in the x, y, and z directions), and
the material removal rate (the MRR) were taken as their evaluated
attributes (objectives). Their results are given in Table 2.

903

Zheng, M. et al, Evaluation of steel turning by means of probability — based multi - objective optimization with appropriate numbers of attributes, pp.898-910



ﬁ* VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 4

Table 1 — Experiment design with Lg(3%)
Tabnuya 1 — lMnaHuposaHue akcriepumeHma ¢ Lo(3%4)
Tabena 1 — [u3ajH ekcriepumeHma ca Lo(3%)

No. | Coded value Actual value
n|f |t r|n f t r
(revimin) | (mm/rev) | (mm) | (mm)

1 1|1 |1 |1]|460 0.08 0.20 |04
2 1122 |2 |460 0.194 0.35 | 0.6
3 1|13 |3 |3 |460 0.302 0.50 | 1.2
4 2 (1|2 |3 |650 0.08 035 | 1.2
5 212 |3 |1 ]|650 0.194 0.50 |04
6 2 (3|1 |2 |650 0.302 0.20 | 0.6
7 3113|2910 0.08 0.50 | 0.6
8 3 (2|1 |3 |910 0.194 0.20 | 1.2
9 3 (3|2 |1 ]0910 0.302 035 |04

Table 2 — Experimental results with the Lo(3%) design
Tabnuua 2 — Pe3ynbmamel akcriepumeHma paspabomku Lo(3%)
Tabena 2 — Pe3ynmamu ekcriepumeHma ca ousajHom Lo(3%)

No. Ra Fx (N) Fy (N) Fz (N) AXx Ay (um) | Az (um) | MRR
(um) (um) (mm3/s)
1 0.840 | 85.2740 24.9800 | 107.4400 2.385 | 5.3594 | 5.5826 7.948
2 0.605 | 166.2340 47.5420 | 230.3210 3.9816 | 8.5019 | 9.0195 54.471
3 0.644 | 563.7300 153.285 | 965.2270 5.9601 | 12.1603 | 16.2276 | 178.071
4 1.122 | 219.2030 64.0220 | 335.7370 5.9392 | 8.8440 | 13.9882 | 57.823
5 0.669 | 152.2660 38.5830 | 191.5410 | 4.3123 | 7.6545 | 9.3600 42.398
6 0.643 | 175.3230 44.1470 | 211.6830 5.0853 | 9.9639 12.5087 | 31.447
7 0.621 | 191.0840 51.7270 | 300.1620 | 4.4647 | 7.4923 10.1177 | 60.009
8 0.729 | 212.9260 59.1170 | 307.8790 5.8284 | 8.4602 14.1956 | 33.694
9 0.675 | 124.9690 40.5450 | 164.2060 6.2633 | 10.1637 | 15.2682 | 38.130

Let us study the similarity of attributes (objectives) first.

The similarity analysis of these data shows that there is a strong
linear correlation among the cutting force components of F,, Fy, and F,,
and among the vibration component amplitudes of A, Ay and A; of the
turning process.

The linear correlation coefficients of Fx vs Fy and Fx vs F; are regey =
99.72 % and rer, = 99.64%, respectively, see Figure 1. The linear
correlation coefficients of Ax vs Ay and Ax vs A; are raxay = 97.77 % and
raxaz = 80.39%, respectively, see Figure 2.
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Figure 1 — Linear correlations of Fx vs Fy and Fx vs F;
Puc. 1 — JluHelHblie koppensauyuu mexdy Fx u Fy, a makxe mexdy Fx u F;
Cnuka 1 — JlunHeapHe kopenauyuje usmeRy Fx u Fy, kao u usmeRy Fx u F
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Figure 2 — Linear correlations of Ax vs Ay and Ax vs A;
Puc. 2 — JluHeliHbie koppensauuu mexoy Ax u Ay, a makxe mexoy Ax u Az
Cnuka 2 — JluHeapHe kopenayuje usmelly Ax u Ay, Kao u uameRy Ax u Az

As stated in the previous section, since there is a strong linear
relationship among F, Fy and F;, only one component of them can be
employed as the independent attribute to join the evaluation of PMOO.
The same applies for Ay, Ay and A,. Therefore, Fx and Ay are taken as the

independent attributes to join the evaluation of PMOO.

Finally, the surface roughness Ra, the cutting force components F,
the vibration component amplitudes Ay, and the material removal rate
MRR were taken as the actual evaluated independent multiple attributes.
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Furthermore, in accordance with PMOO, the MRR belongs to the
beneficial performance index to join the evaluation of partial preferable
probability while Ra, Fx, and Ay, belong to the unbeneficial performance
index to join the evaluation of their partial preferable probabilities.

The assessed consequences are shown in Table 3 which indicates
that experiment No. 2 has the highest total preferable probability P;: at the
first glance, followed by experiment No. 7.

However, the optimal configuation of Thien Van et al. is just
experiment No. 7 which obviously exibits poorer responses than
experiment No. 2 integrally (see the following detail for comparison).

As for experiment No. 2, the responses of the surface roughness,
the cutting force and the vibration component amplitudes (in the X, Y,
and Z directions), and the material removal rate (MRR) of experiment No.
2 are 0.605 ym, 166.2340 N, 47.5420 N, 230.3210 N, 3.9816 ym, 8.5019
um, 9.0195 um, and 54.471 mm?/s, respectively, while in experiment No.
7, the responses of the surface roughness, the cutting force and the
vibration component amplitudes (in the X, Y, and Z directions), and the
material removal rate (MRR) are 0.621 um, 191.084 N, 51.727 N,
300.162 N, 4.465 ym, 7.492 uym, 10.118 pm, and 60.009 mm?3/s,
respectively.

Furthermore, the range analysis can be conducted for the total
preferable probability P; to perform successive optimization, as shown in
Table 4. It indicates that the order of impact of the input variables is r >t
>f >n, and the subsequent optimal configuration will be ratsfons.

Table 3 — Assessed results of preferable probability and ranking

Tabnuuya 3 — lNony4yeHHble pe3yribmamabl NpednoymumersibHOU 8epOsIMHOCMU U

paHxXuposaHusi
Tabena 3 — [JobujeHu pe3ynmamu noxesbHe eeposamHohe u paHaupare

No. | Pra Prx Pax PmRrr Px10* | Rank
1 0.0986 | 0.1427 | 0.1863 | 0.0158 | 0.4135 | 9
2 0.1247 | 0.1222 | 0.1388 | 0.1081 | 2.2875 | 1
3 0.1204 | 0.0216 | 0.0800 | 0.3533 | 0.7344 | 6
4 0.0673 | 0.1088 | 0.0806 | 0.1147 | 0.6767 | 8
5 0.1176 | 0.1258 | 0.1290 | 0.0841 | 1.6051 | 3
6 0.1205 | 0.1199 | 0.1060 | 0.0624 | 0.9558 | 4
7 0.1230 | 0.1159 | 0.1245 | 0.1191 | 2.1123 | 2
8 0.1110 | 0.1104 | 0.08309 | 0.0669 | 0.6870 | 7
9 0.1170 | 0.1327 | 0.0710 | 0.0757 | 0.8329 | 5
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Table 4 — Results of the range analysis
Tabnuya 4 — Pe3ynibmambl aHanu3a paHxuposaHusi
Tabena 4 — Pesynmamu aHanuse paHaupara

Level n f t r
1 1.1451 | 1.0675 0.6854 | 0.9505
2 1.0792 | 1.5265 1.2657 | 1.7852
3 1.2107 | 0.8410 1.4839 | 0.6994
Range 0.1315 | 0.6855 0.7985 | 1.0858
Order 4 3 2 1
Optimum | n3 f2 t3 rz
Conclusion

By using the linear correlation coefficient as similarity of the cluster
analysis to conduct the classification of attributes, the separation of an
independent attribute from multiple attributes could be performed
rationally for the assessment of PMOO for material machining. In the
evaluation, only each independent attribute could join the evaluation of
PMOO. If more attributes than an independent attribute are used to join
the analysis and the evaluation of multi - objective optimization problem,
it is equivalent to the increase of the weighting factors of the
corresponding attributes. The example of parameter optimization of steel
turning by means of PMOO indicates the rationality of the appropriate
solution.
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OueHKa ToYeHUs cTanu, OCHoBaHHas Ha BEPOATHOCTHU MHOroLeneson
onTmMmn3auum ¢ CoOoTBeTCTBYHOLLNMM KOJTMHECTBOM anl/IGyTOB

MaoweHe Yxana, Jxu Nio®

CeBepo-3anagHbiil MONUTEXHUYECKUA YHUBEPCUTET,

r. CnaHb, HapogHas Pecny6nuka Knutai

@ dhakynbTET XMMNYECKOWN MHXEHEPUN, KOPPECNOAEHT
6 thakynbTET €CTECTBEHHBIX HAYK 1 TEXHOOMMIA

PYBPUKA TPHTW: 27.47.00 MaTemaTtnyeckas kKnbepHeTuka,
81.09.00 MatepunanoseaeHue
BWO CTATbW: opurmHanbHasa Hay4Has ctaTbs

Pesome:

BeedeHue/yernb: TodeHue — amoO MUMUYHbIL MPOUECC MexaHu4eckol
obpabomku  memanna. OOHako  nodxodsuiee  peweHue o
O00HOB8peMeHHOU  onmumu3ayuu  MUHUMU3auuu  wepoxoseamocmu
nogepxHocmu,  MUHUMU3auuUu  Ccuibl  pesaHus U eubpauyud,
MaKcuMaribHO20 y8eriu4eHUsT CKopocmu ydaneHusi CmpyXKu 8 medeHue
moyYeHusi rnoka He HalldeHo. B OaHHOU cmambe Ha OCHO8aHUU
KracmepHo20  aHanu3a  copmMmynupoeaHo  npasusio  8bloerieHus
HesasucumMoeo  ampubyma U3  MHOXecmea  ampubymos ¢
ucronb308aHUeM KoaghghuyueHma nuHelHolU Koppensuyuu. [lomumo
moeo, Ha fpuMepe OUeHKU OOHOBPEMEHHOU onmumu3auyuu MmokKapHoU
obpabomku cmarsiu ¢ MOMOWbIO MHO20KpUMepUasibHOU 8epOsimMHOCMHOU
onmumu3sayuu (PMOO) npodemoHcmpuposaHa rpouedypa ebiderieHuUsi
Hesasucumozo ampubyma u3 MHoxecmea ampubymos C MOMOUWbIO
PMOO.
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Memodbr: PMOO sensiemcsi nepcrnekmueHbIM peuieHUeM 8 MOKapHOU
obpabomke. B oueHke PMOO  Heobxodumo  npucymcmeue
HesasucumMo20 ampubyma, aHaro2u4yHO20 He3asUCUMOMY CObbImuK 8
meopuu eeposimHocmel. BbideneHue Hesasucumoz20 ampubyma us3
MHOXecmea ampubymos ¢ r[oMOoWwbio KoaghuyueHma nuHeldHou
Koppensiyuu ocywecmensiemcsi Ha OCHO8aHUU KIlacmepHOo20 aHasu3a.
Lanee npednonazaemcs, 4mMo ecnu KoaghguyueHm  nuHelHouU
Koppensayuu 08yX rMPU3HaKo8 fpu KacmepHOM aHasnuse rpesebiuaem
0,8, m.e. 8 crniydae 04eHb 8bICOKOU KOpPersayuu, mo Ux MOXHO omHecmu
K 00HOU Kameaopuu U moJsibKO OOUH U3 HUX MOXem paccmMampueambCcsi
Kak He3asucumbilt ampubym e oueHke PMOO.

Pesynbmambi:  @opmyrnuposka ompaxaem cymb PMOO u ee
NPUMEHEHUS 8 MexaHu4yeckoli obpabomke Mamepuarnos, 4mo
OMKpbIBAEM HOBbIE BO3MOXHOCMU O/l peweHuUsi 8axHoU 3adauyu.
lMpumep onmumusayuu napamempos MOYEHUS cmanu C MOMOWbLHO
PMOO csudemesniscmeyem 0O payuoHasibHOCMU COOMEEMmMCmeyouezo
peweHus.

Bbigodbl: Omo uHHOBaUUOHHOE uccriedogaHue uMeem rpakmu4yeckoe
3Ha4yeHue, MOCKO/IbKY OHO rod4yepkusaem ydobcmeo UcCnonb308aHUsI
memodos PMOQO, npedocmaensss payuoHanbHoe rpasuno Ors
ebI0erIeHUsT He3asucuMbIX ampubymos u3 MHoxecmea ampubymos
PMOO.

Kntoyesbie criosa: MHozouesnegol Mo0xo0, KAacmepHbIl aHamnus,
He3agucumMmble ampubymbl, KO3hpuuueHm JIUHEUHOU Koppensauyuu,
mokapHasi obpabomka memarina.

EBanyauuja okpeTara Yenvka nomohy BULLEKPUTEPUjyMCKE
onTtMMu3aumje Ha 6a3u BepoBaTHohe ca ogrosapajyhum 6pojem
aTpubyta

Maowerz Llenr2, hau Jy°

YHuepautet CeBepo3sanag, CujaH, HapogHa Peny6nuvka KuHa

a QakynTeT XeMUjCKOT UHXEH-EPCTBA, ayTop 3a NPenucKy

6 dakynTeT NPUPOLHMX HayKa v TexHomnoruja

OBJIACT: matemaTtuka, matepujanu
KATEITOPWUJA (TWUM) YITAHKA: opyruHanHm Hay4Hu pag

Caxxemak:

Yeod/yurb: Okpemare je murudaH rpouec MalluHcke obpade.
Mehymuwm, jow Huje npoHaheHo aBekeamHO pelwer-e 3a UcCmospeMeHy
onmumu3auujy ceohera xparasocmu, cuna pesara U eubpauuja Ha
Hajmary mMoa2yhy mepy y3 Hajeehy 6p3uHy yknarbarba Mamepujana rpu
npouecy okpemarba. ¥ o8om pady ¢hopmynuwie ce npasurio 3a odeajaH-e
He3agucHoz2 ampubyma 00 euwecmpykux ampubyma kopuwherem
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KoegbuyujeHma JiuHeapHe Kopesiauuje, Hajipe Ha OCHO8Y Kiiacmep
aHanuse. Lllmasuwe, Ha npumepy eeaslyayuje  UCMOBPEMEHe
onmumu3auyuje OKpemarsa Yesiuka [MOMORYy  8UWEKpUmepujyMcKe
onmumu3ayuje Ha basu eeposamHohe (PMOQ) npuka3aH je nocmynak
odsajarba He3asUCHO2 ampubyma 00 suwecmpykux ampubyma HeHUM
Kopuwherem.

Memodu: Y npeuecuma okpemara PMOQO 6u mozna 6umu dobpo
pewerse. HeorxodHo je da nocmoju He3agucHU ampubym y esarnyauuju
PMOO, cnu4yHo He3asucHom Ooeafjajy y meopuju eeposamHohe.
Odsajar-e HesasuCHo2 ampubyma 00 suwecmpyKux ampubyma rnomohy
KoegbuyujeHma nuHeapHe Kopersayuje epwu ce y ckialy ca Kiacmep
aHanu3om. [lpemnocmaerba ce da ako je KoepuyujeHm nuHeapHe
Kopenayuje dsa ampubyma y knacmep aHanu3u eehu od 0,8, 0OHOCHO
ako je Kopenayuja eeoma gucoka, mada OHU Mo2y bumu cmaesrbeHU y
JjeOHy kamezopujy, a camo jedaH 00 HUX MOXe, Kao He3aBUCHU
ampubym, 0a ce npudpyxu esanyauuju PMOO.

Pesynmamu: ®opmynayuja odcnukagsa cywmuHy PMOO u meHy
MPUMEHY Yy MalUHCKoj obpadu Mamepujana Ha payuoHanaH HaqyuH, Wwmo
omeapa Hoge MmozayhHocmu 3a pewasare bumHoz npobnema. Npumep
onmumu3ayuje napamemapa okpemarsa 4esnuka rnomohy PMOO ykasyje
Ha payuoHanHocm odeosapajyhee pewier-a.

Bakrbyuak: Oea uHosamueHa cmylduja uma rfpakmu4aH 3Hadvaj, jep
ucmude no2o0Hocm Kopuwherma memoda PMOO, npedcmasrbajyhu
payuoHanHo rnpasuno 3a o0deajabe He3asucHux ampubyma 00
suwecmpykux ampubyma PMOO.

KrbyyHe peyu: suweKkpumepujyMcKu, Krnacmep aHanu3a, He3agsucCHU
ampubymu, KoegpuyujeHm rnuHeapHe Koperauuje, okpemare Memarna.
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