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Abstract:

Introduction/purpose: Althought many methods have been proposed to
deal with the problem of material selection, there are inherent defects of
additive algorithms and subjective factors in such algorithms. Recently, a
probability-based multi—objective optimization was developed to solve the
inherent shortcomings of the previous methods, which introduces a novel
concept of preferable probability to reflect the preference degree of the
candidate in the optimization. In this paper, the new method is utilized to
conduct an optimal scheme of the switching material of the RF-MEMS
shunt capacitive switch, the sintering parameters of natural hydroxyapatite
and the optimal design of the connecting claw jig.

Methods: All performance utility indicators of candidate materials are
divided into two groups, i.e., beneficial or unbeneficial types for the
selection process; each performance utility indicator contributes
quantitatively to a partial preferable probability and the product of all partial
preferable probabilites makes the total preferable probabilty of a
candidate, which transfers a multi—objective optimization problem into a
single—objective optimization one and represents a uniquely decisive
index in the competitive selection process.

Results: Cu is the appropriate material in the material selection for RF -
MEMS shunt capacitive switches; the optimal sintering parameters of
natural hydroxyapatite are at 1100 € and O compaction pressure; and the
optimal scheme is scheme No 1 for the optimal design of a connecting

claw jig.
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Conclusion: The probability-based multi-objective optimization can be
easily used to deal with an optimal problem objectively in material
engineering.

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

Introduction

It has been more than 40 years (Ashby, 2000) since early works in
material selection appeared; many methods have been proposed to
analyze a big amount of data involved in the material selection process
SO as to obtain an appropriate result.

Various algorithms (techniques) have been developed, including
Ashby’s method (Ashby, 2000; Ashby et al, 2004), Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS), Vise Kriterijumska
Optimizacija Kompromisno Resenje (VIKOR), Multi Attribute Decision
Making (MADM), Analytical Hierarchy Process (AHP), Simple Additive
Weighted (SAW) method and Multi-Objective Optimization on the basis
of Ratio Analysis (MOORA), etc (Zheng et al, 2021). Ashby’s method is
difficult to be applied in cases which involve multiple criteria of selection
(Ashby, 2000; Ashby et al, 2004; Zheng et al, 2021). Deshmukh et al
employed the multi—objective optimization (MOO) techniques of TOPSIS
and VIKOR to perform the material selection of the switching structure

for RE-MEMS shunt capacitive switches (Deshmukh & Angira, 2019).
However, there exist inherent problems of additive algorithms and
subjective factors in the MADM, AHP, MOORA, TOPSIS and VIKOR due
to their fatal scaling or normalization processes (Zheng et al, 2021).
Recently, a new probability-based multi-objective optimization
method was developed (Zheng et al, 2021), attempting to solve the
inherent problems of personal and subjective factors in the previous
multi—objective optimization methods. The novel concept of preferable
probability was introduced to reflect the preference degree of a candidate
in the optimization where all performance utility indicators of candidates
are divided into beneficial or unbeneficial types for the selection. Each
performance utility indicator of a candidate contributes to a partial
preferable probability quantitatively, and the total preferable probability of
a candidate is the product of all partial preferable probabilities from the
viewpoint of the probability theory, which is the overall and unique
decisive index in the competitive selection process. The new multi-
objective optimization method was also extended with the application of
the multi-objective orthogonal test design method (OTDM) and the
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uniform test design method (UTDM), which results in appropriate
achievements (Zheng et al, 2021).

In this paper, the new probability-based multi-objective optimization
method is used to perform the optimal scheme in material engineering,
which includes the selection of switching material of the RF-MEMS shunt
capacitive switch, the optimization of the sintering parameters of natural
hydroxyapatite and the optimal design of a connecting claw jig.

Brief introduction to the new multi—objective
optimization method

In the new probability-based multi-objective optimization method
(Zheng et al, 2021), a beneficial utility index of material performance
indicator contributes to a partial preferable probability in a positively
linear manner, i.e.,

Pij = ai,-Xi,-, i= 1,2,...n; j =1,2,.m. (1)

In Eq. (1), Xj is the j" beneficial utility index of the material
performance indicator of the i candidate material; Pj represents the
partial preferable probability of the beneficial utility index Xj; n is the total
number of candidate materials in the material group involved; m is the
total number of the utility indices of each candidate material in the group;
o is the normalized factor of the ™ utility index of the material

performance indicator, ¢;; =1/(nX;), and X; is the arithmetic mean

value of the utility index of the material performance indicator in the
material group involved.

Equivalently, the unbeneficial utility index of the material
performance indicator contributes to a partial preferable probability in a
negatively linear manner, i.e.,

Pij = Gi(Xjmax + Xjmin - Xi), i=1,2,..,n;j=1,2,.m. (2)

In Eg. (3), Xjmax and Xjmin represent the maximum and minimum
values of the utility indices X; of the material performance indicator in the
material group, respectively, and £ is the normalized factor of the j" utility
indices of the material performance indicator, g =1/[n(X,,, + ij)—n)?j].

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

m
Pi:Pil'PiZ"'Pim:HPij- 3)
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.

Application of probability-based multi—objective
optimization in material engineering

1) Multi—objective optimization in the material selection of
RF-MEMS shunt capacitive switches

Radio Frequency Micro Electro Mechanical Systems (RF-MEMS) is
a promising technology for implementing passive devices in future
wireless communication systems (Deshmukh & Angira, 2019). Switches
have drawn more attention due to their frequent use in many cases in
wireless communication systems. An RF-MEMS technology-based
switch has low insertion loss, high isolation, high linearity and less power
consumption (Deshmukh & Angira, 2019). Its shunt capacitive switch has
two stable states i.e., up-state and down-state (Deshmukh & Angira,
2019). Power can flow from the input port to the output port in the switch
upstate, while it stands at the off-state in its down-state (Deshmukh &
Angira, 2019; Angira & Rangra, 2015a; Angira & Rangra, 2015b).

The optimization of the performance of the switching structure
involves many parameters (criteria), such as pull-in voltage, RF response
(insertion loss and isolation), maximum displacement, thermal
conductivity, etc (Deshmukh & Angira, 2019; Angira & Rangra, 2015a;
Angira & Rangra, 2015b). Since many parameters are involved, it can be
seen as a MOOP in the performance optimization of the switching
material selection. Therefore, a MOOP can be used to decrease human
effort since a large number of materials are available in practice, forming
a material bank together with many manufacturing processes and
selection attributes (Zheng et al, 2021).
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Yang et al pointed out that if different normalization methods are
applied, significant different results may be produced (Yang et al, 2021).
Podviezko et al also stressed that different normalization of data applying
to popular MCDM methods such as SAW or TOPSIS could lead to
significant differences in the assessment (Podviezko & Podvezko, 2015).
As a consequence, many researchers paid a lot of attention to the choice
of the normalization type. However, it is still puzzling which normalization
method is better and how to determine final results of material selection
from different normalization algorithms.

A) Utility indices of the material performance indicators in the material
selection of RF - MEMS shunt capacitive switches

In the study of Deshmukh & Angira (2019), the optimal objectives for
this purpose are low pull-in voltage, low RF loss, high thermal
conductivity and maximum displacement of the beam structure. As a
result, the square root of Young's modulus of the material E°®, the
electrical resistive coefficient pe, the thermal conductivity of the material 4,
the ratio of the fracture strength o to Young’'s modulus E of the material,
alE, are taken as the optimal utility indices of the material attribute
indicators (Deshmukh & Angira, 2019).

B) Divisions of the utility indices in the material selection of RF - MEMS
shunt capacitive switches

From analyzing the requirements of the optimizations of the bridge
of RF-MEMS shunt capacitive switches, i.e., higher pull-in voltage (Vp),
lower RF loss, higher thermal conductivity and the higher maximum
displacement of the switch beam (Deshmukh & Angira, 2019), the utility
indices of the square root of Young’s modulus of the material, E°®, the
thermal conductivity of the material, 4, the ratio of the fracture strength o
to Young’'s modulus E of the material, a&/E, belong to the beneficial type
of the material performance index, while the electrical resistive coefficient,
pe, belongs to the unbeneficial type of the material performance index in
the assessment.

C) Assessment results

The values of the conventional material performance indicators for
various materials are given in Table 1 (Deshmukh & Angira, 2019).

The partial preferable probabilities of the utility indices of E®°, 1 and
pe and ot /E and the total preferable probabilities are assessed according
to Equations (1) through (5), respectively, shown in Table 2. In addition,
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the ranking here by using the new probability-based multi—objective
optimization method is given in Table 2 together with those of Vikor and
Topsis from Ref. (Deshmukh & Angira, 2019) for comparison.

Table 1 — Conventional material performance indicators for various materials (Deshmukh
& Angira, 2019)
Tabnuuya 1 — CmaHdapmHbie nokasamesnu aghghekmusHocmu Mamepuarsos 0ns
pasnuyHbix mamepuasios (Deshmukh & Angira, 2019)
Tabena 1 — lHdukamopu yobu4ajeHux nepghopmaHcu Mamepujana 3a pasnudume
mamepujane (Deshmukh & Angira, 2019)

, Electrical
Young’s resistive Thermal Fracture (aE)
Mat. | modulus coofficient conductivity | strength 5103
E (GPa) e (Q m) 10 A (W/m-K) ot (MPa)
Ni 193 6.99 90 345 1.7876
Au 70 244 315 220 3.1429
Al 70 2.82 204 47 0.6714
Ag 83 1.59 407 110 1.3253
Pt 168 10.5 73 125 0.7440
Cu 117 1.68 386 314 2.6838
Cr 279 12.9 90 370 1.3262
W 411 5.28 163 1725 4.1971
Co 209 6.24 69 675 3.2297
Fe 211 9.61 73 540 2.5592

Table 2 — Partial preferable probabilities and total preferable probabilities for various
materials for shunt capacitive switch optimization
Tabnuuya 2 — Yacmu4Hbie npednoymumeribHbie 8eposimHocmu u obujue
npednoYymumeribHble 8epossmHocmu Or1s pa3nuyHbIX Mamepuasos rpu onmumusayuu
EeMKOCMHO20 WyHMupyu,eeo nepeknyamerns
Taberna 2 — [JenumuyHe roxesrbHe eeposamHohe u yKyrnHe rnoxesbHe seposamHohe 3a
pasnuyume Mamepujane y onmumusayuju KanayumusHoe npexkudaya waHma

Mat. | Pews Pre P, Poe | P10 EZ?: \F;ﬁ‘(';': TF;%r;'i‘s
Ni 0.1073 | 0.0884 | 0.0481 | 0.0825 | 0.3766 6 6 6
Au 0.0646 | 0.1420 | 0.1684 | 0.1451 | 2.2423 3 1 1
Al 0.0646 | 0.1375 | 0.1091 | 0.0310 | 0.3005 7 4 4
Ag 0.0704 | 0.1520 | 0.2176 | 0.0612 | 1.4242 4 3 3
Pt 0.1001 | 0.0470 | 0.0390 | 0.0343 | 0.0631 10 8 9
Cu 0.0835 | 0.1510 | 0.2064 | 0.1239 | 3.2248 1 2 2
Cr 0.1290 | 0.0187 | 0.0481 | 0.0612 | 0.0712 9 10 10
W 0.1566 | 0.1085 | 0.0872 | 0.1937 | 2.8697 2 9 7
Co 0.1117 | 0.0972 | 0.0369 | 0.1490 | 0.5971 5 5 5
Fe 0.1122 | 0.0575 | 0.0390 | 0.1181 | 0.2975 8 7 8
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It can be seen from Table 2 that the appropriate material from the
new multi-objective optimization method is Cu, which is different from
those of Vikor and Topsis from (Deshmukh & Angira, 2019); this is
because of the inherent defects of personal and subjective factors in
Vikor and Topsis (Deshmukh & Angira, 2019).

In fact, the evaluation result of the new probability-based method for
multi—-objective optimization in material selection is no need to equal to
those of other previous approaches exactly due to their involvements of
personal or other subjective coefficients.

2) Optimization of sintering parameters of natural hydroxyapatite

Abifarin conducted the optimization of hydroxyapatite (HAp)
mechanical characteristics using Taguchi grey relational analysis design
which includes hardness and compressive strength (Abifarin, 2021).
Three levels of sintering temperature and two levels of compaction
pressure are employed during sintering (Abifarin, 2021). The design and
the results are shown in Table 3. Again, the probability-based multi-
objective optimization is used to conduct the assessment with hardness
and compressive strength as the beneficial type index. The evaluation
results are shown in Table 4.

Table 3 — Design and the results of HAp

Tabnuya 3 — Paspabomka u pe3ynbmamsl 2u0pokcuanamuma
Tabena 3 — lNpojekmosarbe u pesynmamu xudpokcuanamuma

No Pressure Temperature Hardness Compressive
°C Strength

1 0 900 0.54 0.39

2 0 1000 0.838 0.58

3 0 1100 0.940 0.84

4 5 900 0.656 0.34

5 5 1000 0.929 0.5

6 5 1100 1.103 0.69

Table 4 — Evaluation results of HAp
Tabnuya 4 — Pe3ynbmambl OUEHKU 2udpokcuanamuma
Tabena 4 — Pesynmamu oueHe xudpokcuanamuma

Partial preferable probability Total
No | Hardness Strength Pt*10? Rank
1 0.1079 0.1168 1.2596 6
2 0.1674 0.1737 2.9069 3
3 0.1878 0.2515 4.7225 1
4 0.1311 0.1018 1.3340 5
5 0.1856 0.1497 2.7781 4
6 0.2203 0.2066 4.5518 2
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Table 4 indicates that the optimal sintering parameters of natural
hydroxyapatite are at 1100°C and O compaction pressure.

3) Optimal design of a connecting claw jig

Yan et al conducted the multi-objective optimal design of a
connecting claw jig with ANSYS Workbench finite element analysis
software (Yan et al, 2021). The maximum equivalent stress (MPa) Y1, the
weight (kg) Yz, the minimum safety factor Ys; and the maximum
deformation (mm) Y, of the claw jig are taken as the optimization
objectives, while the thickness of the substrate FD; (mm) X1, the angle of
the connecting claw Al (°) x., the thickness of the connecting claw FD-
(mm) Xz, and the outside diameter of the jig base R1 (mm) x4 are taken as
the input variables.

After the simulation and the analysis, three candidate schemes with
good objective functions are selected by the system, as shown in Table 5.
The object Y3 is a beneficial type index, while Yi, Y2 and Y, are all
unbeneficial type indexes. The evaluation results are shown in Table 6.

Table 6 shows that the optimal scheme is scheme No 1.

Table 5 — Three candidate schemes of the connecting claw jig
Tabnuya 5 — Tpu 803MOXHbIE CXeMbI Kynadkoeol Mycbmab!
Tabena 5 — LLleme mpu kaHOuOama 3a KaHyacmy criojHuuy

. X1 x2 (°) X3 Xa Y1 Y2 v Ya
onginal | (mm) | ** (mm) | (mm) | (MPa) | (kg) ° | (mm)
scheme ™ "5g 79 38 325 | 151.22 | 6.176 | 1.6532 | 1.171

1 54.125 | 73.13 | 35.414 | 31.051 | 128.42 | 5.615 | 1.9467 | 0.923
2 48.125 | 73.77 | 37.982 | 32.395 | 143.31 | 5.577 | 1.7444 | 1.043
3 46.625 | 76.38 | 39.908 | 30.715 | 161.48 | 5.620 | 1.5482 | 1.375
Table 6 — Evaluation results of the connecting claw jig
Tabnuya 6 — Pe3ynbmamb! OUEeHKU Kyraykosol Mycbmb!
Tabena 6 — Pe3ynmamu oyeHa KaHyacme crojHuye
N Partial preferable probability Total
0.
Y1 Y2 Y3 Ya Pt*100 Rank
0.3700 0.3327 0.3716 0.3870 1.7697 1
0.3358 0.3349 0.3329 0.3532 1.3229 2
3 0.2942 0.3324 | 0.2955 0.2598 0.7507 3
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Conclusion

The application of the new probability-based multi—objective
optimization method in dealing with three optimal problems of material
engineering has shown that: the appropriate material (Cu) is successfully
selected, which meets the requirements of the optimizations of the bridge
of RF - MEMS shunt capacitive switches; the optimal sintering
parameters of natural hydroxyapatite are at 1100°C and 0 compaction
pressure; and the optimal scheme of the connecting claw jig is scheme
No 1. The main feature of the new probability-based multi—objective
optimization method is that the treatment is equivalent and conformable
for both the beneficial utility index and the unbeneficial utility index,
without any artificial or subjective scaling factors involved in the process.
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MPUMEHEHWE MHOIOLENEBOW ONTUMU3ALINWN,
OCHOBAHHOW HA BEPOSATHOCTW B MATEPVANOBEOEHN

MaoweHz Yx3H

CeBepo-3anagHbii MONUTEXHUYECKNA YHUBEPCUTET,
daKkynbTeT XMMUYECKOW UHXEHEPUN,

r. CnaHb, HapogHas Pecnybnuka Kutan

PYBPUKA TPHTW: 27.00.00 MATEMATUKA:
27.47.00 MaTtemaTtuyeckas KnbepHeTuka;
27.47.19 WNccneposaHue onepawmin,
45.00.00 SNEKTPOTEXHUKA:
45.09.00 OnekTpoTexHnyeckme matepuansl
BWO CTATbW: opurmHanbHasa Hay4yHas cTatbs

Pe3swome:

BeedeHue/uens: Hecmomps Ha mo, 4ymo cywecmsyem MHOXecmeo
memodos peweHusi npobnembl 8blbopa Mamepuana Ha OCHO8e
addumueHbIX afl2opummMmos, makue anzopummbl Mo ceoeli cymu
codepxam Hedocmamku U cybbekmueHble c¢hakmopsl. C uenbio
rnpeodoneHuss Hedocmamkoe amux memodos, HedasHO bbina
paspabomaHa MHO20KpumepuarsbHasi 8epOoSMHOCMHas
onmumu3ayusi, Komopasi esodum Ho8Y0 KOHUenuuro
npednoymumesibHol  8epPOsIMHOCMU,  10Ka3bi8aWyrd  CmerneHb
npednoymumenibHocmu kaHOulama & rpouecce onmumusayuu. B
OaHHOU cmambe Uucronb3yemcsi Hoebll mMemod 6 paspabomke
onmumarsibHol cxembl Mamepuana 08 €MKOCMHO20 WyHMUPYUu,e20
repekrroyamersns 8 paduo4yacmomHbIX MUKPO3IEKMPOMEXaHUYECKUX
cucmemax (P4 MOMC), napamempax crekaHusi rnpupoOHO20
eudpokcuanamuma, a makxe Ons onmumasbHolu pa3pabomku
Kyrnadkogol Mychmel.

Memodkl: Bce nokaszamernu rnonesHocmu mamepuasogs—kaHoudamos
Oenamcst Ha 08e 2pynribl, rof1e3Hble Unu He8bI200HbIEe OJis1 rpouecca

ombopa; Kakobil rokazamersib rnonesHocmu eHocum
KONU4YecmeeHHbIli  8kfiad 8  YaCMmUuYHyrlo  rpedrnoymumeribHyo
8EePOSIMHOCMb, a npou3ssedeHue 8cex YyacmuyHbIX

npednoqmumeanb/x eepo;-'lmHocmeC/ cocmasrisaem O6Luyi0
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npedrnoymumersibHy0 8eposimHocmb KaHOudama, 4mo rnepesooum
npobrieMy  MHO20KpumepuasbHoU onmumusayuu 8 npobnemy
onmumu3auuu ¢ OOHUM Kpumepuem u npedcmasnsem cobol
YHUKabHbIU UHOEKC 8 rpouyecce KOHKYpCcHo20 ombopa.

Pesynbmampbi: Medb oOkasanacb n00X00sWUM MamepuasioM pu
ebibope Mamepuaros ons EeMKOCMHbIX wyHmMupyrowux
repekrroYamerniell 8 pPaduoYacmOMHbIX MUKPOISIEKIMPOMexaHU4YeCKuX
cucmemax (P4 MOMC); onmumarnbHbie napamempbl  CrieKaHusl
npupodHoz2o eudpokcuarnamuma — 1100° C npu Hynesom OaerieHuUU
CXKamusi, a onmumasibHOU CXeMoU POEKMUPO8aHUsi  Kyradykoeou
mymei sisrissemcsi cxema Ne.

Bbi800b1I: MHonKpumepuaanaﬂ onmumu3auus Ha OCHO8e
eepogmHocmeL“/ MOXXem  WUPOKO TMPUMEHAMbBCA rpu  rpuHamuu
06BLEKMUBHbIX peweHuE/ ornmumaribHbIX I'lpO6!76M 8
MamepeanoeedeHuu.

Knrouesble crosa: MHO20KpumepuasnbHasi onmumu3ayusi, meopust
gepossimHocmel, npednoymumersibHasi 8EPOSIMHOCMDb,
MamepuarnosedeHue, 8b160p CxeMmbl.

NPUMEHA BULWWEKPUTEPWUJYMCKE OMNMTUMN3ALMNJIE
3ACHOBAHA HA BEPOBATHORW Y TEXHONOINJU MATEPUJANA

MaoweHe LleHr
YHueepauteT CeBepo3anag, PakynteT xeMujcKor MHXeHepCTBa,
CwjaH, HapogHa Penybnuvka Kuna

OBJIACT: maTtemaTtuka, matepujanu
BPCTA UJTIAHKA: opyruHanHu Hay4Hu pag

Caxemak:

Yeod/uurb: UMako nocmoju mMHo2o0 mMemoda 3a pelwasaH-e rpobriema
cenekyuje Mamepujana 3acHO8aHUX Ha adumueHUM an2opummuma,
makeu anzopummu UHXEPEHMHO cadpxxe Hedocmamke U cybjekmueHe
gakmope. Padu npesasunaxera crnabocmu MoMeHymux memooa,
HedagsHO je passujeHa sulwekpumepujymcka onmumu3ayuja 3acHogaHa
Ha eeposamHohu Koja yeoOu HO8U KOHUenm roxesbHe eeposamHohe
Koju rokasyje cmerieH rioxesbHocmu kaHOudama rpu onmumusauuju. Y
o08oM paldy Kopucmu ce Ho8 Memo0d 3a u3gohere onmumariHe weme 3a
Mamepujan 3a KanauyumueHy CKIIOoMKy waHma y paduoghpeKkeeHUUjCKUM
MuKpoernekmpomexaHudkum cucmemuma (P® MEMC), 3a napamempe
cuHmeposar-a MpupoOHO2 XxudpoKcuanamuma, Kao U 3a OornmumasHO
rpojekmosar-e KaHylacme criojHuue.
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Memode: Csu nokazamesbu rnepghopmMaHcu KOpucHocmu mamepujana —
kaHOuGama Oejle ce Ha KOPUCHE U HEeKopucHe 3a cernekyujy. Ceaku
rokasamesb repgopmMaHcu KOpUucHOCMU K8aHmMumamueHo OOrpuHocu
OenuMuUYHOj NoxesrbHOj eeposamHohu, Aok rpou3sod ceux denuMuUYHUX
rnoxerbHUX 8epoeamHoha 4UHU YKYMHYy [OXesbHy eeposamHohy
KkaHOuOama, 4Jume ce npobremM 8ULIEKPUMEPUjyMCKe onmumusayuje
npeeodu y npobriem  jeOHOKpumepujyMcke  onmumusauyuje U
npedcmaerba jeQuHcmeeHU 00nydyjyhu UHOEKC y KoMIemumueHOM
npouyecy cenekyuje.

Pesynmamu: bakap ce rnokasao kao olzoeapajyhu mamepujan npu
cefleKyuju Mamepujana 3a KanauyumueHe CK/Ionke —waHma y
PaduohpeEKBEHUUJCKUM MUKDPOEIEKMPOMEXaHUYKUM cucmemuma (P®
MEMC). OnmumanHu  napamempu  CUHMepo8ara  pUpPodHo2
xudpokcuanamuma cy 1100C u Hynmu npumucak cabujarba, a
onmumarsiHa wema 3a rpojekmosar-e KaHjlacme CriojHuye jecme wema
6poj 1.

Sakrbyyak: BuwekpumepujyMcka onmumu3ayuja Ha ba3u eeposamHohe
MOXe ce jeOHOCmasHO rpuMeHUMU 3a ObjeKmueHO pewasar-e
onmumarsnHoa rnpobnema y mexHornoauju Mamepujana.

KbyuyHe peyu: euwekpumepujymcka onmumu3auuja, meopuja
eeposamHohe, noxesrbHa eeposamHoha, mexHosioauja Mmamepujana,
cesnekuuja wewme.
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