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Abstract:

Introduction/purpose: The newly developed probability-based multi —
objective optimization (MOO) has introduced a novel concept of preferable
probability to represent a preferability degree of a candidate in
optimization in order to overcome the inherent shortcomings of subjective
and “additive” factors in the previous MOO methods. In this paper, the
new method is extended to include robust optimization for material
engineering. Furthermore, energy consumption in a melting process with
orthogonal array design and the robust optimization of four different
process schemes in machining an electric globe valve body are taken as
examples.

Methods: The arithmetic mean value of each performance utility indicator
of the candidate contributes to one part of the partial preferable probability,
while the deviation of each performance utility indicator from its arithmetic
mean value of the candidate contributes to the other part of the partial
preferable probability quantitatively. Furthermore, following the procedures
of the newly developed probability-based multi-objective optimization
(PMOO), the total preferable probability of a candidate is obtained, which
thus transfers a multi—objective optimization problem into a single—
objective optimization problem.

Results: The optimal control factors of lower electric energy consumption
with robustness are bundled steel, loose steel, and uncleaned steel of
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12.5%, 50% and 37.5% by weight, respectively, in this steel melting
process. This case is closely followed by the scenario of 50 wt% bundled
steel, 50 wt% loose steel, and O wit% uncleaned steel. The robust
optimization of four different process schemes for machining an electric
globe valve body is scheme No. 1.

Conclusion: The extension of probability-based multi-objective
optimization while considering robustness is successful, which can be
easily used to deal with the optimal problem with dispersion of data to get
objectively an optimal result with robustness in material engineering. The
extension of probability-based multi-objective  optimization  while
considering robustness will be beneficial to relevant research and process
optimization.

Key words: multi-objective optimization, probability theory, preferable
probability, material engineering, robustness.

Introduction

Recently, the probability-based multi—objective optimization (PMOO)
method was developed (Zheng et al, 2021) in an attempt to solve the
inherent problems of personal and subjective factors in previous multi—
objective optimizations (MOOs). The new concept of preferable
probability was introduced to represent a preferable degree of a
candidate in optimization. In PMOO, all performance utility indicators of
candidates are divided into two types, i.e., beneficial or unbeneficial
types according to their functions in the selection; each performance
utility indicator of the candidate makes its contribution to a partial
preferable probability quantitatively, and furthermore, the product of all
partial preferable probabilities makes the total preferable probability of a
candidate in the viewpoint of probability theory, which is the unique
decisive index in the selection process and thus transfers the multi —
objective optimization problem into single—objective optimization. PMOO
was also extended to the application of the multi-objective orthogonal test
design method (OTDM) and the uniform design method (UDM) as well,
where appropriate achievements have been obtained (Zheng et al, 2021,
Zheng, 2022).

In general, quality improvement of products and optimization of
processes are continuously demanded by manufacturers. In 1980s,
Taguchi once contributed a discipline and structure to the design and
assessment of experiments so as to raise the quality of products by
means of design optimization with efficient cost (Roy, 2010). In Taguchi’s
method, a formal way is incorporated to include noise factors in the
experiment layout, which aims to make products and processes
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insensitive to the influence of uncontrollable (noise) factors. He created
an orthogonal experiment design to study the effects of noise factors with
smaller size of experiments, which results in a favorable performance
with the mean close to the target and reduced variation around the mean
(Roy, 2010). The main point is to focus on the prechosen target for the
output response with great extent and less variability. The controllable
factors are called control factors. It is assumed that the majority of
variability around the target is due to the existence of a second set of
factors called noise factors or variables. Noise factors are uncontrollable
in the product design or process operation (Myers et al, 2016). As a
result, the term robust parameter design entails designing the system so
as to get robustness (insensitivity) to inevitable changes in the noise
variables. Taguchi suggested using a factor called “signal - to - noise
ratioc” (SNR) to characterize robustness. Taguchi suggested some
primary SNRs. The three specific commonly used goals are: 1). the
smaller the better; 2). the larger the better; 3). the target is the best.

Taguchi suggested a SNR for cases in which the response standard
deviation is related to the mean linearly. For this case, Taguchi’'s SNR for
“the target is the best” condition is given by

SNR = — 10log(j*/ s?) (1)

where the SNR is to be maximized; ¥ is the mean value of the test points,
and s is the standard error.

In fact, for a set of actual experiments or processes, the mean value
of the test pointsy and the standard error s are independent factors in
general.

While, in Eg. (1), the SNR condenses the two factors into one factor,
the optimization of the maximum of the SNR is not equivalent to the
optimizations of the both minima of s and y closing to the target at the
same time. What is worse is that in the cases of “the smaller the better”
and “the larger the better’, the expressions of SNRs suggested by
Taguchi even excluded the factor of the standard error. This point was
criticized by many statisticians (Box, 1988; Box & & Meyer, 1986; Welch
et al, 1990, 1992; Nair et al, 1992) though the essence of the SNR in
Taguchi’s approach to robust parameter design is to propose an easy-to-
use performance criterion which takes the process mean and variance
into consideration. Statisticians further suggested taking both response
mean and variance into account by using separate models. Therefore, for
robust optimization, the optimization of the both minima of s and ¥
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closing to the target should be conducted with individual models at the
same time.

In this paper, the new PMOO method is extended to include robust
optimization of dispersion of data in material engineering due to the
advantage of impersonality of the PMOO method, where both the
response mean y and the variance s are taken into account by using
separate models. Furthermore, energy consumption in the melting
process with orthogonal array design and robust optimization of four
different process schemes in the machining process of the electric globe
valve body are studied as examples.

Extension of the probability-based multi—objective
optimization method to include robustness

In PMOO, all performance utility indicators of candidates are divided
into beneficial or unbeneficial types according to their functions in the
selection where each performance utility indicator of the candidate
makes its contribution to a partial preferable probability quantitatively,
and furthermore, the product of all partial preferable probabilities makes
the total preferable probability of a candidate in the viewpoint of the
probability theory, which is the unique decisive index in the selection
process and transfers the multi-objective optimization problem into a
single—objective optimization problem (Zheng et al, 2021; Zheng, 2022).

In traditional MOO, the performance indexes of candidates are
assumed to be well determined without any uncertainty. However, this is
not always the case; for example, if we perform one experiment for ten
times, we could get ten experimental data in general and both the
arithmetic mean value of the ten data and the mean deviation can be
taken as representatives for these experiments; In some other cases, the
performance indexes and attributes are often vague, which results in un-
exact numerical values instead of well determined data. In order to
assess such problems containing uncertain elements, a proper approach
is still needed. Taguchi created a formal way to include noise factors
(Roy, 2010), but it is puzzling. Here we propose an extension for the
newly developed PMOO to include the dispersion of data so as to
establish probability-based multi-objective robust optimization.

In general, an uncertain element X; has the form of Eq. (2),

X = X £6X;; 2)

1]
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In Eq. (2), )Tij represents the arithmetic mean value of the uncertain

element Xj, and X is the mean deviation of the performance index Xj.

The arithmetic mean value X;; represents the main function of the
performance of a candidate, which quantitatively contributes one part of
partial preferable probability according to its type of being either
beneficial or unbeneficial relating to their functions in the selection.

For the beneficial type of performance, it contributes one part of
partial preferable probability linearly in a positive manner; as to the
unbeneficial type of performance, it contributes one part of partial
preferable probability linearly in a negative manner (Zheng et al, 2021;
Zheng, 2022).

Under condition of the uncertain element X, the beneficial type of

the arithmetic mean value )Tij of the uncertain element X; makes one
part of the performance index according to

Pi=a,;X;,i=12,...,mj=1,2, .., m 3)

ij
In Eq. (3), Pijx represents one part of the partial preferable probability
of the beneficial utility index X;;; n is the total number of candidates in
the candidate group involved; m is the total number of the performance
utility indices of each candidate in the group; «j: is the normalized factor
of the j-th utility index of the candidate performance indicator,

a;;; = 1/(nX;), X;is the arithmetic mean value of the utility index of the
performance indicator in the candidate group involved,

= 1<
i=1

For the unbeneficial type of performance, )Tij makes one part of its
partial preferable probability of the performance according to

Piu=Bu(X e + Xjmin — Xy) i=12,,0j=1,2, ..,m. (5)

In Eq. (5), Xjmax and X;,.;,represent the maximum and minimum
values of the performance utility indices X;; of the candidate performance
indicator in the group, respectively, and S is the normalized factor of the
j-th utility indices of the candidate performance indicator,

By =UIN(X, iy + X, ) =X ]

jmin
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The mean deviation 6X; is the unbeneficial type of the performance
index in assessment in general, which has the characteristic of “the lower
the better”. The mean deviation 6X; contributes the other part of the
uncertain element Xj, Pi2, which is assessed according to Eqg. (6),

Pi2 = B2 (X + X jin —0Xy),1=1,2,...,n;j=1,2, .., m. (6)

In EQ. (6), oXjmax and oXjmin represent the maximum and minimum
values of the performance utility indices o6X; of the candidate
performance indicator in the group, respectively, and £ is the normalized
factor of the j-th utility indices of candidate performance indicator,

By =L gy + 0K ) ~NX 1.

The entire partial preferable probability of the uncertain element Xjis
the arithmetic mean of both parts, or square root of their product, i.e.,

Pi = (Pir + Pi2)/2, or Py = (PijpxPi2)°°. @

The entire partial preferable probability P; includes all information of
the uncertain element X; comprehensively, which is the overall
representative of the uncertain element X;j in the selection process
competitively.

Moreover, the total / comprehensive preferable probability of the it
candidate in a multi-objective optimization problem is the product of its
partial preferable probability P; of each utility index of the candidate
performance indicator in the overall selection due to the “simultaneous
optimization” of multiple objectives in the viewpoint of probability theory
(Zheng et al, 2021), i.e.,

m
PiZPil'PiZ"'PimZHPij- (8)
j=1

The total preferable probability of a candidate is the uniquely
decisive index in the overall selection process competitively, which
transfers a multi—objective optimization problem (MOOP) into a single —
objective optimization one. The main characteristic of the new probability-
based multi-objective optimization is that the treatment for both
beneficial utility index and unbeneficial utility index is equivalent and
conformable, which is without any artificial or subjective scaling factors
involved in the process.

jmin
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Application of the extended PMOO to assess an
optimal problem with dispersion of data in material
engineering

In the following study, the entire partial preferable probability of the
uncertain element X; takes the arithmetic mean of both parts of Eq. (7).

1) Robust optimization for saving electric energy
consumption of a foundry

Electric furnaces are generally used in foundries widely, including
cupola furnaces, rotary furnaces, and induction furnaces. The induction
furnace is usually utilized to melt a massive amount of steel. The
electricity consumed for melting 1 ton of metal is in the range of 600—680
kWh/ton (Deshmukh & Hiremath, 2020). Deshmukh et al reported an
orthogonal array experiment for the optimization of the process
parameters in the melting process in the foundry with a “Signal to Noise
Ratio” effect (Deshmukh & Hiremath, 2020). The study was focused on
varying the process parameters so as to reduce consumption of electrical
energy and get an optimization robust property (Deshmukh & Hiremath,
2020). An L9 orthogonal array was used to conduct the design
experiment for control factors: bundled steel, loose steel and uncleaned
steel in wt %, see Table 1.

Nine experiments were performed five times to reflect the variations
that might be caused by noise factors. Table 2 shows the tested data of
electric energy consumption from these designed experiments.

Table 1 —Control factors in experiment design

Tabnuya 1 — KoHmpornbHbie ghakmopbl rpu MpoeKkmuposaHuU 3KcrnepumeHma
Tabena 1 — KoHmponHu ¢ghakmopu npu npojekmosarby ekcriepumeHma

Scheme Bundled steel Loose steel (% | Uncleaned steel (%
(% by weight) by weight) by weight)

1 12.5 375 50

2 33 33 33

3 37.5 12.5 50

4 50 0 50

5 12.5 50 37.5

6 50 12.5 37.5

7 50 50 0

8 33 33 33

9 37.5 50 12.5
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Table 2 — Test data of electric energy consumption from these experiments

Tabnuua 2 — [JaHHble 0 mompebrieHuU 351ieKmpo3Hep2UU 8 pe3yribmame
3KCrepuMeHmos

Tabena 2 — Nodayu 0 ympouwKy enekmpuyHe eHepauje u3 HagedeHuUX eKcriepuMmeHama

Test data (kWh) Representative data
Scheme 1 2 3 4 5 Mean Deviation
1 110 112 | 131 | 108 104 113 9.3808
2 109 111 | 120 | 121 114 115 4.7749
3 112 120 | 115 | 118 110 115 3.6878
4 98 102 | 106 | 112 104 104.4 4.6303
5 117 112 | 109 | 113 108 111.8 3.1875
6 121 116 | 109 | 107 113 113.2 4.9960
7 114 118 | 108 | 110 112 112.4 3.4409
8 116 112 | 110 | 104 | 109 110.2 3.9192
9 110 118 | 112 | 109 107 111.2 3.7630

Since the optimization of this problem is intended for saving electric
energy consumption, the mean value of the electric energy consumption
in Table 2 belongs to an unbeneficial performance index, thus Eq. (5) is
employed to assess its portial preferable probability. Besides, Eq. (6) is
used to assess the deviation contribution to the partial preferable
probability. Finally, the entire partial preferable probability of each
scheme is assessed by Eq. (7). Table 3 shows the results of the
assessments. Pmean, and Pgeviaion in Table 3 indicate one part of partial
preferable probability of the mean value and the deviation value of
electric energy consumption, respectively; Penire iS the entire partial
preferable probability of electric energy consumption, which determines
the ranking of each scheme in Table 3.

From Table 3, it can be seen that scheme 5 is the optimal one, since
it consumes lower electric energy with less deviation, i.e., it is robust. The
optimal control factors of bundled steel, loose steel and uncleaned steel
are 12.5%, 50%and 37.5% by weight in this steel melting process,
respectively; scheme 7 is No. 2, being close to scheme 5 with the control
factors of bundled steel, loose steel and uncleaned steel at 50%, 50%
and 0 % by weight, respectively.
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Table 3 — Results of the assessments for the preferable probability of all schemes and
their ranking

Tabnuua 3 — Pe3ynbmambi oyeHugaHusi npedrnoymumersibHOU 8epOsIMHOCMU 8CEX CXEeM
U UX paHxXuposaHusi

Tabena 3 — Peaynmamu ouerusarba noxesrbHuUx eeposamHoha ceux cxema U HUX080

paHaupar-e
Scheme | Pmean Pdeviation Pentire Rank
1 0.1099 0.0447 0.0773 9
2 0.1078 0.1093 0.1085 7
3 0.1078 0.1245 0.1161 5
4 0.1188 0.1113 0.1150 6
5 0.1111 0.1315 0.1213 1
6 0.1097 0.1062 0.1079 8
7 0.1105 0.1280 0.1192 2
8 0.1128 0.1212 0.1170 4
9 0.1117 0.1234 0.1176 3

2) Robust optimization for multi-objective decision making
of mechanical processing plans based on the interval number

Han et al conducted multi-objective robust decision making of a
mechanical processing plan based on the interval number (Han et al,
2020); four different process schemes for machining process of the
electric globe valve body are comparetively studied, which is taken as an
example here as well.

Table 4 shows the technical parameters of the four schemes. In this
optimization process, only the rate of the qualified product is the
beneficial type of the performance index, others belong to the
unbeneficial type. Table 5 lists the partial preferable probability and the
total preferable probability of each plan, as well as the overall ranking
comparatively.
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Table 4 — Technical parameters of the four plans
Tabnuya 4 — TexHuYeckue napamempsb! Yembipex ni1aHoe
Taberna 4 — TexHUYKU napamempu Yyemupu riaHa

P| Time Rate of | Total Material Electric Waste

| | for qualified | cost C consump. D | €N€ray Solid waste | liquid

a | product | product | (RMB (yuan) P: consump. E | F (kg) discharg
n| A@min) | sB (%) | Yuan) y ©) eG (L)
1| 40, 51] | [96, 98] [22835?' [82.6, 114.5] | [18.6, 21.5] | [0.86,0.97] | [2.8,3.1]
2| [48,59] | [91, 95] [32053%' [92.4,123.3] | [19.8,23.2] | [0.95, 1.22] [2.9, 3.5]
3| [50, 62] | [89, 92] [32150?' [94.2,126.1] | [20.3,25.2] | [1.07,1.28] [3.1, 3.9]
4| 142, 56] | [92, 96] [22:2?' [86.8,116.9] | [19.1, 22.3] | [0.92, 1.15] | [2.9, 3.3]

Table 5 — Partial preferable probability and the total preferable probability of each plan, as

well as their ranking.

Tabnuya 5 — Yacmuy4Has npednoymumernbsHasi 6eposimHOCcMb U obwas
npednoymumeribHas 8epOSIMHOCMb Kaxd020 raHa, a makxe Ux paHxuposaHue
Tabena 5 — [JenumuydHe noxesbHe eeposamHohe u yKyrnHa noxesrbHa eeposamHoha

ceako2 MnnaHa U hUxo8o paHauparbe

Partial preferable probability Total
Plan | A B C D E F G Pix104 Rank
1 0.2732 | 0.3113 | 0.2597 | 0.2544 | 0.2778 | 0.3344 | 0.3080 | 1.6082 1
2 0.2534 | 0.2151 | 0.2469 | 0.2473 | 0.2545 | 0.1997 | 0.2332 | 0.3944 | 3
3 0.2376 | 0.2572 | 0.2369 | 0.2405 | 0.2026 | 0.2317 | 0.1782 | 0.2913 | 4
4 0.2357 | 0.2164 | 0.2565 | 0.2578 | 0.2651 | 0.2343 | 0.2805 | 0.5875 | 2

Table 5 shows that scheme No. 1 is the optimal one with a robust

property.
Conclusion

The extension of the probability-based multi-objective optimization
considering robustness is successful, which can be easily used to deal
with an optimization problem with dispersion of data to get objectively an
optimal result with robustness in material engineering.

Robust optimization design is a very important technology to
improve quality of products and optimize processes for manufacturers.
The extension of the probability-based multi-objective optimization
considering robustness will be beneficial to relevant research and

process optimization.
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MPUMEHAEMbIN B MATEPWANOBEJEHNN NOOXOA 3
MHOTOKPUTEPUAINIBHOW ONTUMU3ALMN, OCHOBAHHOW HA
BEPOATHOCTU C YHYETOM POBACTHOCTU

MaoweHza YxaH, KoppeCcnoHAeHT, XalinaH TeHr, Mu BoHr
CeBepo-3anagHbli NONUTEXHUYECKNA YHUBEPCUTET,
daKkynbTeT XMMUYECKOW UHXEHEPUN,

r. CnaHb, HapogHas Pecnybnuvka Kutan

PYBPUKA TPHTWU: 27.00.00 MATEMATUKA:
27.47.00 MaTtemaTtuyeckas KnbepHeTuka;
27.47.19 ViccnegoBaHue onepauui
81.00.00 OBLWME N KOMIMJEKCHbIE NMPOBJIEMbI
TEXHUYECKNX U NMPUKITAOHBLIX HAYK U
OTPACIEN HAPOOHOIO XO3ANCTBA:
81.09.00 MaTtepuanosegeHnune
45.00.00 3JIEKTPOTEXHUKA:
45.09.00 OnekTpoTexHMyeckme matepuarnbl
BWO CTATbW: opurmHanbHas Hay4yHas cTaTtbs

Pesrome:

BeedeHue/uernb: HedasHo pa3pabomaHHsbIl rnooxood
MHO20KpUmepuanbHol onmumusayuu, 0OCHO8aHHOU Ha 8eposimHocmu
(MOO) eses1 HOBYIO KOHUENUUIO NpednoymumesnbHol 8eposimHocmu
05151 npedcmaerieHuUsi cmerieHu rnpedrnoymumeribHocmu kaHoudamos 8
onmumu3dayuu, C Uenbl  peodosIeHUsT  Cyulecmeyruux 8
npedbidywux  memodax MOO  Hedocmamkos,  Kacarouuxcs
cybbekmusHbix U “addumueHbix” ¢hakmopos. B OaHHOU cmambe
npedcmasnieH  HOBbIU  paCWUPEeHHbIU  mMemod,  eK/IrYarouwul
pobacmHyro onmumu3ayuro PUMEHSIEMYO 8 obracmu
mamepuanosedeHusi.  Kpome  moeo, npueedeHbl  npumepsl
3HepeornompebrieHUss 8 rpouecce nAasku C  OPMO20oHasbHOU
KOHCmpyKkyueli pewemku U pobacmHol onmumusayuu 4Yemsblpex
pasfiu4HbIX  CXeM  fpu  MawuHHOM  U320mOesieHuU  Kopryca
3/1eKMPUYECKO20 Wapo8020 KpaHa.

Memodsi: CpedHee apugmemuyeckoe rnokasamernsi
aghgpekmusHocmu kaHOudama crocobcmeyem 0OHOU CMOpPOHe
yacmuyHoU npednoymumesibHOU 8eposimHOCMU, 8 MO B8PeMs Kak
OMKJIIOHEHUS oKkasamernsi aghghekmusHocmu Kax0oz2o kaHOuGama om
cpedHeeo  apughmMemuyeckozo  KOMUYecmeeHHO  criocobecmeyem
Opyeoli cmopoHe 4YacmuyHoU npednoYymumersibHOU 8epPOosIMHOCMU.
Takxe crnedyem ommMmemuma, ymo npu npuMeHeHuu
Hosopa3spabomaHHoU MHO20KpumepuarsbHoU onmumu3ayuu,
OocHogaHHoU Ha eeposmHocmu (MOO) ebiducnigsemcsi cymmapHasi
npednoymumernbHas eeposimHocmb KaHOudama, 4mo nepesodum
3adauyy MHO20KpumepuasnasHol onmumu3ayuu 8 3adauy
00HOKpUMepuarsnsHOU onmumu3ayuu.
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Pesynbmamsi:  OnmumarbHbIMU — KOHMPObHLIMU  ghakmopamu
CHUXeHUs1 nompebrieHus1 anekmposHepauu 3a c4yem pobacmHocmu
fendaomcesi;  uMriopmHasi cmarsb, €80600Hasi cmarnb U cmalib C
npumecsamu 12,5, 50 u 37,5 secoebix npoyeHmMos 8 coomeemcmeauu ¢
OaHHbIM ripoueccom niasku cmanu. 3amem cnedyem cueHapul 50,
50 u 0 eecoebix npouyeHmMos. M3 4dembipex cxeM pasnuyHbIX
rpouyecco8 MawUHHO20 U320MOB/IeHUsS KOpriyca 3/1eKmpu4YecKo20
wiapogoeo KpaHa pobacmHas onmumu3sayusi e/19emcsi cxemoul Homep
OOUH.

Bbigodbl: MHo2oKpumepuanbHasi OnNmMuMuU3ayusi, OCHO8aHHas Ha
geposimHocmu, O0orosiHeHHas ¢hakmopom pobacmHocmu, oKa3anach
bonee ycnewHol, crnedosamesibHO ee  6e3yC/io8HO  MOXHO
ucrnonb3oeamp Mpu peweHuUU 3adady onmumansHocmu ¢ ducriepcuel
OaHHbIX Onsl MNosyYeHUss 06 bEKMUBHO ONMUMasibHO20 pe3yribmama C
pobacmHocmbeio 68 obnacmu MamepuanosedeHus. PacwupeHue
MHO20KpuUmepuanbHoU onmumu3ayuu, OCHOBaHHOU Ha 8eposimHoOCMU,
yyumbigasi pobacmHOCMb CywecmeeHHO MOMOXem 8 pesie8aHMHbIX
uccredosaHusIX u onmumu3ayuu npoyeccos.

Knroyesble crioga: MHO20KpumepuasibHas onmumusayusi, meopusi
geposimHocmu, npednoymumersibHasi 8epOosIMHOCMb,
MamepuarnogedeHue, pobacmHoCMkb.

MPUCTYN BULLEKPUTEPUJYMCKE OMTUMU3AUMJE
3ACHOBAHE HA BEPOBATHOHRW, KOJU Y3UMA Y OB3WP
POBYCTHOCT, NPUMEHEH Y TEXHONOIMJN MATEPUJATA

MaoweHe LleHr, ayTop 3a npenucky, XajneH TeHr, Ju BoHr
YHuBep3uteT CeBeposanag, PakynTeT XeMUjCKOr UHXEHEPCTBA,
CujaH, HapogHa Peny6nuka Kuna

OBJIACT: matemaTtuka, matepujanu
BPCTA YJTAHKA: opyruHanHun Hay4Hu pag

Caxxemak:

Yeod/yurb: Hosopa3ssujeHu Memod suwekpumepujyMcke onmumusayuje
3acHoeaH Ha eeposamHohu (MOO) yeeo je KoHUernm [oOXerbHe
eeposamHohe Oa npedcmasu cmerneH noxerbHocmu kaHOudama npu
onmumu3ayuju Kkao rnokywaj 0a ce rnpesasuly uHxepeHmHu Hedocmauu
cybjekmueHux U adumueHux ghakmopa y rnpemxodHum memodama MOO.
Y oeom pady Hoea memoda ce npowiupyje U YKIbydyje pobycmHy
onmumu3auyujy  npunukoM  npumeHe y obracmu  mexHosoauje
Mamepujana. HagedeHuU cy rnpuMepu ympouwika efniekKmpu4yHe eHepauje y
rpouecy mornsbera ca 0u3ajHoM Opmo20oHarIHoe Hu3a, Kao U pobycmHe
onmumu3ayuje Yemupu pasfudume weme rpoyeca MawuHcke uspade
meria efieKmpuYHoe J10Nmacmoe 8eHmuria.
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Memode:  Apummemudka  cpedwa  epedHocm  [lokasamesba
nepghopmaHcu KopucHocmu kaHOuGama GQornpuHocU je0HOj cmpaHu
denumuyHe rnoxesbHe eeposamHohe, dok Oesujayuja  ceakoe
rokazamersba rnepgopmMaHcuU KopucHocmu KaHoudama 00 apummemuyke
cpedme epedHocmu QorpuHocu KeaHmMumamueHo Opy2oj cmpaHu
denumuyHe roxerbHe eeposamHohe. Takolje, npumeHoM rnocmyrika
HOBOpas8UjeHe 8UWEKpUMEPUJYMCKe onmumu3ayuje, 3acHoeaHe Ha
saposamHohu (MOO), dobuja ce ykyrnHa noxerbHa e6eposamHoha
KaHOuOama, 4ume ce npobrieM euleKpUmMepUjyMcKe onmumu3ayuje
rpesodu y npobnem jeGHOKpumepujyMcKe onmumu3sayuje.

Pesynmamu: OnmumasiHu KOHMPOIIHU haKmopu CMar-eHe MompowH-e
efniekmpuyHe eHepauje romohy pobycmHocmu jecy yee3aHu 4ersluk,
¢/10600HU YernuK U Yernuk ¢ Heyucmohama 00 12,5, 50 u 37,5 mexxuHcKux
rpouyeHama, PecriekKmusHo, y 080M fpouecy morsbera dYernuka. Oomax
3amum cnedu cueHapuo 00 50, 50 u 0 mexuHcKux npoueHama,
pecniekmusHo. OJ cxema yYemupu pamiuduma rpouyeca MauwUuHCKe
uspade mena efieKMpuYyHo2 Jsonmacmoe eeHmurna, pobycmHa
onmumu3ayuja je cxema 6poj jedaH.

Bakrbyyak:.  Buwekpumepujymcka —onmumusauyuja 3acHogaHa Ha
eeposamHohu nipowupeHa je nomohy pobycmHocmu, Wmo ce rokasasno
ycrnewHuMm, mako 0a ce MOXe Jlako Kopucmumu rpu pewasary
npobnema onmumarnHocmu ca ducriep3ujom nodamaka kako 6u ce obuo
objekmusHO onmumarHu pe3ynmam ca pobycmHowhy y mexHonoauju
mamepujana. [lpowupusare suweKpumepujymMcke onmumu3ayuje
3acHosaHe Ha eeposamHohu y3umajyhu y ob3up pobycmHocm 6uhe 0d
Kopucmu 3a peniegaHmHa ucmpausear-a u ofimumu3sayuje npouyeca.
KmmyyHe pe4qu: euwekpumepujymcka onmumusayuja, meopuja
eeposamHohe, rnoxesrbHa eeposamHoha. mexHoroauja Mamepujana,
pobycmHocm.
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