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Abstract:

Introduction/purpose: Several studies in the area of the development of
nanofluids for power equipment have left a gap unfilled as to how to
determine the best oil among the produced oils for power equipment
application. Therefore, this study presents a multi-criterial decision making
analysis to determine the best oil for power equipment.

Methods: The Grey relational analysis (GRA) and the Probability based
multi-objective optimization techniques were employed as the multi-criterial
decision making analytical tools for the optimization. Dielectric strength,
dielectric loss, viscosity, and flash point were analyzed as multiple
performance characteristics of different oils, after which different oil
candidates were ranked based on their performance.

Results: Interestingly, the GRA and the Probability based multi-objective
optimization techniques revealed that Jatropha oil + Neem nanofluid is the
best oil candidate for power equipment and it is better than conventional
mineral oil. The Probability based multi-objective optimization technique
places Jatropha nanofluid over mineral oil, but not for the GRA technique.
Also, mineral oil and ordinary Jatropha nanofluids are at a competitive level.
Meaning, if Jatropha nanofluid is further worked on, it can beat mineral oil.

Conclusion: The two techniques substantially established that when
Jatropha oil is mixed with Neem oil together with nanoparticles, there wiill
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be better power equipment performance compared to mineral oil. It can be
recommended that a further analysis should be conducted in the area of
direct application of Jatropha + Neem nanofluid for power equipment to
understand the overall behavior of power equipment compared to the
conventional mineral oil.

Keywords: nanofluids, power equipment, grey relational analysis,
probability optimization, vegetable oil, dielectric property, insulating
property.

Introduction

Oil is filled in power equipment to serve as electrical insulation and for
cooling. It ensures that there is heat transfer from power equipment and
equally block arcing and corona discharge within the equipment system.
In addition, it suggests the quality of the service lifespan of the equipment
(Shafi et al, 2018; Oparanti et al, 2022). Since the beginning of the 20th
century, mineral oil has been conventional oil for power equipment
application because of its lifelong tendency, low cost, low viscosity, etc.
(Fofana, 2013). Even though mineral oil exhibits the above mentioned
advantages, it is disadvantaged due to its high fire risk and its non-
biodegradable nature. Apart from its non-biodegradable nature, its leakage
is detrimental to the environmental and toxic to living organisms
(Tambuwal et al, 2022). These tradeoffs have motivated several
researchers to dwell on the production of an alternative oil to mineral oil
for power equipment from biodegradable sources, such as vegetables.
Vegetable oil has been proven to be environmentally friendly, but generally
exhibits high dielectric loss and poor viscosity (Abdelmalik, 2015; Rajab et
al, 2011; Oparanti et al, 2020). Reports have shown that nanoparticles can
be used to improve some insulating and electrical properties of oils for
better performance (Mansour et al, 2012; Oparanti et al, 2021a, 2021b).
Despite the improvement of vegetable oil as an alternative for mineral oil,
there is a challenge in the selection and recommendation of optimal
synthesis conditions for better performance in power equipment. Hence
there is a need to research on the determination of optimal conditions in
the production of nanofluids for better performance. This study applied two
different multi-objective optimization techniques (the Grey relational
analysis and the Probability based multi-objective optimization technique)
to determine the best performing nanofluids for power equipment.

The Grey relational analysis (GRA) is usually applied when there is a
need to optimize multiple performance properties, in addition to some
uncertainties associated with the problem (Abifarin, 2021; Abifarin et al,
2022a, 2022b, 2022c; Abifarin et al, 2021; Avodi et al, 2021; Javed et al,
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2019, 2020; Mahmoudi et al, 2019). The GRA was applied to address the
uncertainties and complexities encountered in the choice of nanofluids
with the best performance characteristics. Researchers have applied this
optimization technique in different applications. Abifarin (2021) employed
the GRA to assist Taguchi optimization in the fabrication of biomedical
hydroxyapatite. Javed & Liu (2019) employed the bidirectional absolute
GRA model for uncertainty systems, specifically in project management.
Tosun (2006) employed the GRA to optimize drilling conditions for multiple
performance characteristics. Tzeng et al. (2009) optimized turning
operations using Taguchi assisted by the GRA. Abifarin & Ofodu (2022)
modeled and employed the GRA for multiple performance properties of
chemical additives and engine parameters for high efficient diesel engines.
Kung & Wen (2007) applied the GRA and the grey decision maker to
determine the relationship between company attributes and its financial
performance using some venture capital enterprises in Taiwan as a case
study. Hence, the GRA has been extensively proven to be effective as a
multi-objective optimization technique. Furthermore, the Probability based
multi-objective optimization technique has been recently developed to
optimize more than one performance characteristics of conditions,
process, systems, or products. Zheng et al. (2021) newly introduced the
probability optimization technique in the selection of engineering materials
based on some more than one essential attributes. Zheng (2022) selected
some data relevant to material engineering and employed the technique
to select material with better performance characteristics. Zheng et al.
(2021) and Zheng (2022) were able to establish that Probability based
optimization technique does not have any additional contributing factors
which normally alter the accuracy of an optimization analysis as compared
to some other existing ones. Ofodu & Abifarin (2022) applied the
technique to optimize for high voltage thermofluids. The two optimization
techniques were chosen because of their simplicity and proven accuracy
in optimization analyses. This assertion has been proven in some past
research studies a few ones of which have been discussed above. The
two optimization techniques were also chosen to run the same problem for
validation and comparative study.

Having highlighted the state of the art, this study employed two
different optimization techniques to determine the best efficient power
equipment oil. The two techniques, namely, the GRA and the Probability
based multi-objective optimization technique were the numerical analysis
chosen because of their simplicity and also to validate optimal predictions.
The data analyzed was employed from the study of Tambuwal et al.
(2022).
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Data curation

The data used was obtained from the study of Tambuwal et al. (2022).
The authors only investigated and reported the results without analyzing
multiple performance characteristics, hence it was difficult to determine the
oil sample with the best performance for power equipment. Table 1
presents the employed dataset in this study. The oil properties essential
for power equipment are presented in the Table, i.e. breakdown strength,
dielectric loss, viscosity, and flash point. These multiple properties were
analyzed using two different multi-objective optimization techniques to
determine the best performance oil sample for power equipment.

Table 1 — Insulating and electrical properties of different oil samples
Tabnuya 1 — M30n154UOHHbIE U 3fieKkmpuvecKue ceolicmea pasniuyHbix obpa3yoe macesn
Tabena 1 — M3onayuoHa u enniekmpu4Ha ceojcmea pasnuyumux y3opaka yrba

stenan (v Olecric Vocosty P
mm-1)
Mineral oil 36.8 0.00225 9.82 140
Jatropha oil 28.7 0.0551 11.07 245
Neem oil 15.1 0.0244 111 242
Jatropha + neem oll 15.8 0.02365 11.41 238
Neem nanofluid 18.5 0.002151 10.01 256
Jatropha nanofluid 25.7 0.00208 9.93 248
Jatropha + neem nanofluid 35.6 0.001862 9.874 261

Multi-criteria decision making analysis

Grey relational analysis (GRA)

The GRA was employed on four performance characteristics. The
step by step methods in the GRA analysis are as shown below:

The Grey relational analysis was conducted on the experimental data
presented in Table 1. The data was first normalized using grey relational
generation. The breakdown strength and the flash point were normalized
using the higher-the-better normalization condition, as given in Equation
1. The higher-the-better normalization was applied because higher
breakdown strength shows a higher dielectric property which is needed for
power equipment, while a high flash point is needed for higher insulating
properties and reduced fire outbreak. Next, dielectric loss and viscosity
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were normalized using the smaller-the-better normalization condition, as
shown in Equation 2. The smaller-the-better normalization condition was
chosen because as small as possible is required from the properties for
better dielectric and insulation behavior of the oil. The normalized data
sequence is presented in Table 2:

_ _ yik)—miny;(k)
x; (k) = max y;(k)—miny;(k) ?

_ maxy;(k)-y;(k)
x;(k) = max y;(k)-miny;(k)

)

xi (K) is the data being preprocessed for the i" experiment, and y; (k) is the
initial sequence of the mean of the responses.

Table 2 — Normalized Insulating and electrical properties
Tabnuua 2 — Hopmanu3sogeaHHbIe U30/sIUUOHHbIE U 3/IeKMpUYECKUe ceolicmeaa
Tabena 2 — Hopmanu3osaHa usonayuoHa u efieKmpu4yHa ceojcmea

Samples )I;lr(ek;k?jfown JIgigelic)ec?c];ic ic/iigg);];y ;éllgg)h c;)fOi nt
strength loss

Mineral oil 1 0.99271 1 0
Jatropha oil 0.62673 0 0.21384 0.86777
Neem oil 0 0.57666 0.19497 0.84298
Jatropha + neem oll 0.03226 0.59074 0 0.80992
Neem nanofluid 0.15668 0.99457 0.8805 0.95868
Jatropha nanofluid 0.48848 0.99591 0.93082 0.89256
Jatropha + neem nanofluid 0.9447 1 0.96604 1

A comparison was made with an ideal sequence, xo(k) (k= 1, 2,...,7)
for the four performance characteristics. The deviation sequence
(Equation 3) was subsequently calculated to enable the determination of
the grey relational coefficient (GRC). The grey relational generation and
the deviation sequence of the four experimental data are shown in Table
4. The deviation data sequence is shown in Table 3:

Agi (k) = lIXo (K) — xi (K)I 3)
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where 4,;(k), X (k), and x; (k) are the deviation, the reference sequence,
and the normalized data, respectively.

Table 3 — Deviation sequence of the insulating and electrical properties
Tabnuua 3 — Ps10 omKnoHeHUU U30sIUUOHHBIX U 3/IEKMPUYECKUX ceolicme
Tabena 3 — [JegujayuoHu HU3 U301aUyUOHUX U eJIEKMPUYHUX c8ojcmasa

Samples é(;le(:lzd?w ?)Dlle(lg:t(r)l]:: \A/Tég;)s::; éi’égﬁl) pO(Iin ;
n strength  loss

Mineral olil 0 0.00729 0 1
Jatropha oil 0.37327 1 0.78616 0.13223
Neem oil 1 0.42334  0.80503 0.15702
Jatropha + neem oll 0.96774 0.40926 1 0.19008
Neem nanofluid 0.84332 0.00543 0.1195 0.04132
Jatropha nanofluid 0.51152 0.00409  0.06918 0.10744
Jatropha + neem nanofluid 0.0553 0 0.03396 0

The GRC values were computed using Equation 4. The GRC values
show the relationship between the expected and obtained experimental
data.

_ Amin"‘(Amax
Ei (k) N Aoi(k)"'zAmax (4)

where ¢&;(k) is the GRC value of the individual experimental data,
computed as a function of Amin and Amax, the minimum and the maximum
deviations of each experimental data.  is the distinguishing coefficient of
0.5, and it is usually assigned to each response.

Lastly, the grey relational grade (GRG) was calculated using Equation
5. The GRG, i.e., the converted singular response gives the overall
multiple performance characteristics for the four experimental data. The
GRC, the GRG, and the ranking are presented in Table 4:

yi = =%k, &) (5)

y; is the GRG value obtained for the ith experiment and n is the number of
performance characteristics.
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Table 4 — GRC, the GRG and the ranking of oil types
Tabnuya 4 — Cepbili pensyuoHHbIl koaghguyueHm (GRC), cepbili pensiyuoHHbIU
epadueHm (GRG) u paHxupogaHue 8udo8 macer
Tabena 4 — Cusu penayuoHu koeguuujeHm (CPK), cusu penayuoHu epadujeHm (CPl) u
paHaupare muroea yrba

GUof gl gy &0 of
Samples Breakdown Dielectric \;iscosity Flash GRG Rank
strength loss point
Mineral oil 1 0.98563 1 0.33333 0.82974 2
Jatropha oil 0.57256 0.33333 0.38875 0.79085 0.52137 5
Neem oil 0.33333 0.54151 0.38313  0.76101 0.50475 6
Jatropha + neem oil 0.34066 0.5499 0.33333  0.72455 0.48711 7
Neem nanofluid 0.37221 0.98926 0.80711  0.92366 0.77306 4
Jatropha nanofluid 0.49431 0.99188 0.87845  0.82313 0.79694 3
Jatropha + neem nanofluid 0.90041 1 0.9364 1 0.9592 1

Probability based analysis

The Probability based multi-objective optimization analysis is based
on the beneficial and unbeneficial utility index method.

The beneficial utility index method is applied to a characteristic
desired to be as high as possible. The index characteristic indicator
contributes positively to a partial preferable probability linearly. The
breakdown strength and the flash point were run with the beneficial utility
index method since the as high as possible condition is required for the
properties. Equation 6 was used to compute the partial positive probability
index (Pij), while Equation 7 was used to compute the normalized factor

(o) of the j™ utility index of the performance characteristic indicator.

Pij = ¢X;;,1=1,2,...,n;j=1,2,.m ©6)
o = 1/(nX,) 7)

where X; is the j" beneficial utility index of the characteristic performance
indicator of the i number of sample, n is the total number of samples
considered in the study, while m is the total number of the utility indices of
each sample involved, and X; is the value of the arithmetic mean of the
utility index of the sample characteristic performance indicator. The patrtial
positive utility indexes for the breakdown strength and the flash point are
shown in Table 5.
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The unbeneficial utility index method is applied to a characteristic
desired to be as small as possible. The index characteristic indicator
contributes negatively to a partial preferable probability. Equation 8 was
used to compute the partial negative probability index (Pij), while Equation
9 was used to compute its normalized factor (5) of the j™ utility index of the
performance characteristic indicator. and X is an arbitrary utility index of
the characteristic performance indicator of the i sampling number. The
utility indexes for dielectric loss and viscosity are also shown in Table 5.

Pij = Bi(Ximax + Xjmin - Xi), 1=1,2,..,n;j=1,2,.m 8)
ﬂij :1/[n(xjmin + ijax) - r]Xj ] 9)

Furthermore, the total preferable probability of the analysis was
computed using the product of the individual partial preferable probability
of a corresponding candidate oil type. Afterwards, the ranking was done to
show the candidate sample with the best performance characteristics.
Please check Table 5 for proper highlights.

Table 5 — Partial and total probability utility index of oil types
Tabnuuya 5 — YacmuyHbil u 0buwuti 86posimHOCMHbIU UHOEKC 10/1€3HOCMU Muros
Hegpmu
Tabena 5 — NHGekc KopucHocmu denuMu4He U yKyrnHe sepogamHohe muroea yrba

S Pij of Pi_j of Pij of Pij of X X p
amples Breakdown  Dielectric Viscosity Fla_lsh Pt*10E4  Pt*10E4 Rank
strength loss point

Mineral oil 0.20887 0.19048 0.15134 0.08589  5.17133 5.17133 3
Jatropha oil 0.16289 0.00648 0.13476 0.1503 0.21388  0.21388 5
Neem oil 0.0857 0.11336 0.13436 0.14846 1.93808  1.93808 7
Jatropha + Neem oil 0.08968 0.11597 0.13025 0.14601 1.9779 1.9779 6
Neem nanofluid 0.105 0.19082 0.14882 0.15705 4.68307 4.68307 4
Jatropha nanofluid 0.14587 0.19107 0.14988 0.15215 6.35553  6.35553 2
Jatropha + Neem nanofluid 0.20205 0.19183 0.15063 0.16012  9.34816  9.34816 1

Discussion of results

The GRA was successfully applied to determine the best performance
oil type in this study. Table 4 shows the ranking of the oil types. The results
obtained show that a mixture of Jatropha oil and neem oil when
nanopatrticle is added is the best oil for power equipment, as it is ranked
number one, followed by mineral oil. It is interesting to emphasize that the
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GRA revealed that vegetable nanofluid is better than mineral oil, which is
the second best oil type for power equipment application. This shows that
vegetable oil, specifically a mixture of Jatropha and Neem sourced oll
when nanopatrticle is added, stands a good chance to replace mineral oll
in power equipment application.

The Probability based multi-objective optimization technique was also
successfully employed as shown in Table 5. The results obtained also
revealed that a mixture of Jatropha oil and neem oil when nanoparticle is
added is ranked as the best oil for power equipment, followed by Jatropha
oil, then mineral oil. This technique further validates the choice of the best
candidate oil for power equipment. To a higher level of confidence, the
Jatropha oil + Neem nanofluid can better serve in power equipment.

Conclusion

Essentially, the Probability based multi-objective optimization
technique places Jatropha nanolfuid over mineral oil, while it is the other
way round for the GRA technique. It can be deduced from these findings
that mineral oil and ordinary Jatropha nanofluids are at a competitive level.
When Jatropha nanofluid is further worked on, it can be better than mineral
oil. This claim is backed up by the results presented in the two technigues,
i.e. when Jatropha oil is mixed with Neem oil together with nanopatrticles,
there will be better power equipment performance compared to the
performance of the power equipment using mineral oil. In this study,
recommendation is made that a further analysis should be conducted in
the area of direct application of Jatropha + Neem nanofluid in power
equipment to see the overall behavior of power equipment as compared
to that of the conventional mineral oil.
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OMPEAENEHNE SOPEKTUBHOCTU MACNA AA
OHEPIETUYECKOIO OBOPYOBAHUA C NCIMOJIb3BOBAHMEM
MHOIOKPUTEPUATIBHOMO AHATNN3A NPUHATNA PELLEHUIA

[DxoHcoH KexuHOe Abndbapur?, [xoseg Yykeyka Odoay®

aYHuepcuteT Axmaay benno, nHixxeHepHbli dhakynbTeT, kacdeapa
MaLLWHOCTpoeHus, T. 3apus, PeaepatmeHasa Pecnybnuvka Hurepus,
KOpPpPecnoHAeHT

5 YuusepcuteT MopT-XapkopTa, MHXEHEpPHbIN dakynbTeT,
kadbegpa mMaluMHoCcTpoerus, r. Yoba, wrat Pusepc,
depnepatmeHasa Pecnybnvka Hurepus

PYBPUKA TPHTW: 30.17.00 MexaHuka »1UaKoCTK U rasa,
47.09.00 MaTtepuvansl 4N 3NEKTPOHVKN U PaaNOTEXHUKN
BWO CTATbW: opurmHanbHas Hay4Has cTaTtbs

Pestome:

BeedeHue/uens: [MockonbKy HECKOMbKO uccriedogaHuli 8 obracmu
pa3spabomku HaHoxudkocmel Ornsi aHepaemu4yecko20 obopydosaHusi
He cmMmoenu onpedenums nydweao kKaHOudama cpedu macen 0ns
curosbix ycmaHoB80K, OaHHOe uccredosaHue rocesujaemcsi aHanusy
MHO20KpUmepuarnbHO20 MPUHAMUS peweHul rno ornpedenieHuro macrna
- nydweeo kaHOudGama 0ns1 3Hepaemuyecko20 obopydoeaHusl.

MemoObr: Cepbill  pensyuoHHbIl  aHanu3 U OCHOB8aHHbIe Ha
8eposimHocmu mMemodbl MHO20KpumepuaabHoU onmumu3ayuu bbinu
ucronb3o8aHbl 011 onmumu3ayuu. [uanekmpuyeckasi MpoYHOCMb,
OuanekmpuyecKkue rnomepu, 8s3KoCmb U memrepamypa 6CrbilKU
6bITU  MpoaHanu3uposaHbl 8  Kayecmee  3KCrislyamauuoHHbIX
Xapakmepucmuk pasfu4yHbIX Maces, rnocse 4Yeeo pasfuyHble macrna-
kaHOUOamb! 6binuU  paHXuposaHbl 8 COoomeemcmsuu CO C8oUMU
xapakmepucmukamu.

Pesynbmamesi: WIHmepecHo, 4mo cepbll pensayuoHHbIl aHanus u
MHO20KpUmepuasbHasi onmumMu3auusi, OCHO8aHHasi Ha 8ePOSIMHOCMU
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onpedenunu, 4mo KoMmbuHauyusi maces mpoghbl + HaHOXUOKOCMU
HUMa sensgemcs ny4YwuMm KaHOuOamom Ofii  3Hep2emu4yeckozo
obopydoeaHusi u, YmMo oHa siydwe, Yem 0bbIYHOe MUHEepParibHOe Macrio.
Memod MHoz2oKpumepuanbHoU onmumMu3ayuu, OCHOBaHHbIU Ha
sepossmHocmu omdaem npedrnodymeHue HaHOXuOKocmu impogbi 1Mo
OMHOWEHUK K MUHEeparibHOMy Macisy, OOHako Memod cepoz2o
pernsayuoHHo20 aHanusa He Oarn nodobHbix pe3yrnbmamos. Kpome
mozo, MuHepasibHOe Macsio U O0bblYHble HaHOXudKocmu Smpogbl
Haxodsimcss Ha OOUHaKoB8OM YPOBHE KOHKYPEHMHOCHIoCobHOoCMU,
criedogamernibHO, HaHOXUOKOCMb AmMpoghbl  MOxem  npes3olimu
MUHeparibHoe Macsio, ecsiu ee dopabomame.

Bbigodbl:  [lea memola nokaszanu, 4Ymo fpu  CcMewusaHuu
pacmumersnbHOo20 Macsia Smpogbl C MaciioM HUMa u HaHodacmuyamu
docmueaemcsa ny4Ywasi pou3eooumeslbHOCMb 3HEepP2emu4YeckKozo
obopydosaHus, 4YeMm rpu UCMOMb308aHUU MUHepasabHO20 Macra.
Cyumaem yernecoobpasHbiM nposecmu OasnbHelwue aHanu3bl 8
obnacmu  HerocpedcmeeHHO20 fpuMeHeHuUsi  Ampogbl u
HaHoXuOKocmel HuMa 8 3HepaemuyYeckMm 060pydoeaHuM, C UEJbio
nyqweao mnoHumaHusi obujezo rnosedeHUsT CUOBbIX YCMaHOBOK U
cpasHeHusi ¢ cumyauyusmu, kKoz2da ucrosib3yemcsi  06bI4HOE
MUHeparbHOoe Maco.

Knoyeesbie criosa: HaHoxudkocmu, sHepeemudeckoe obopydosaHue,
cepbili  PensiuUUOHHbIU aHarnu3, eeposIMHOCMHasi ornmumu3ayusl,
pacmumersibHoe Macsio, QuariekKmpuyeckue ceolicmea, U30/1sIUUOHHbIE
ceolicmea.

OOPEBUMBAHE EOUKACHOT YIbA 3A EHEPIETCKY OMNPEMY
KOPUWHREHEM AHANIM3E BULLEKPUTEPUJYMCKOI
OANYYMBAHA

LloHcoH Kexurde ABudapun?, Llocegh Yykeyka Odpoay®
6 Yuusepantet Axmagy Beno, dakynTtet TEXHUUYKUX HayKa, OACeK 3a
MalunHCcTBO, 3apua, CaBesHa Penybnuka Hurepwja, ayTop 3a npenucky

5 YuueepauteT y MopT XapkopTy, DakynteT TEXHUYKUX HayKa,
OfceK 3a MalMHCTBO, Yoba, OpxaBa Pusepc, CaBesHa Penybnuka Hurepuja

OBNACT: mawmvHcTBO, MaTepujanu
BPCTA YJIAHKA: opurnHanHun HayyHu pag

Caxemak:

Yeod/yurb: Hekonuko cmyduja u3z obracmu pasgoja HaHogbriyuda 3a
eHepaemcKy ornpeMy nporiycmusio je 0a ymepou Koje yrbe je Hajborbe
MeRy yrbuma rpoussedeHUM 3a NPUMEHY y MO20HCKOj orpemu. 3amo osa
cmyduja npedcmaserba aHanu3dy suulekpumepujyMmckoe 0drlydueara 3a
odpehusare Hajborbee yrba No200HO2 3a EHEP2EMCKY OrpeMy.
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Memode: Cuea penayuoHa aHanu3a U MmexHuKa BULIEKPUMEPUjyMCKe
onmumu3sauyuje 3acHoeaHa Ha eeposamHohu KopuwheHe cy 3a
onmumu3auyujy. AHanusupaHu cu dueniekmpuyHa cHaza, OuenekKmpuyHU
eybumak, B8UCKO3HOCM U mayka [a/bera, Kao Kapakmepucmuke
8ULLIECIMPYKOR YYUHKa pasfiuyumux yrba, HakoH Yeaa Cy pa3nuduma yrba
paHaupaHa Ha OCHO8Y C80juX repghoOPMaHCU.

Pesynmamu. 3aHumribueo je Oa cy cuea pefiayuoHa aHanusa u
sulIEKpUMeEpUjyMCKa onmumMu3ayuja 3acHosaHa Ha eeposamHohu
ymepduse Oa je kombuHayuja yrba burbke jamporna u HUM HaHogryuda
Hajborba 3a eHepaemcKy orpemy, Kkao u da je 6orba 00 KOHBEHUUOHATHO2
MuHepanHoe yrba. TexHuka eulekpumepujyMcke onmumusayuje
3acHosaHa Ha eeposamHohu paHeaupa jampora HaHogryud ucriped
MUHepaJsHoe yrba, anu He U mexHUKa cuee pesiayuoHe aHanuse. Takohe,
MUHEpPaHO yrbe U 0bUYHU jamporia HaHoGTyudu cy Ha KoMIemumueHOM
HUB0Y, WMo 3Ha4yu Oa jampora HaHoghsTyud Moxe 0a byde egbukacHuju 00
MUHeparHoe yrba ako ce ropadu Ha H-emy.

Sakbyuvak. [lee mexHuke cy ymeplusie Oa ce nocmuxy 6orbe
nepghopmaHce eHepzemcke oripeme Kada ce ysbe burbke jampona
romewa ca HUM y/beM U HaHO yecmuyama Heeo Kada ce kKopucmu
MuHeparnHo yrpe. buno 6u npenopyd4rbugo 0a ce darbe aHanuse epuie y
obnacmu OupekmHe rpuMeHe jampora U HUM HaHogyuda 3a
eHepeemcKy ornpemy padu 6osbez pasymesarba (hyHKUUOHUCaH-a
ro2oHcke ornpeme u rnopefjera ca criyyajesuma Kada ce Kopucmu
KOHBEHULUOHAa/THO MUHEPAaIIHO yrbe.

KrbyuHe pedu: HaHoghriyudu, eHepeemcka ornpema, cuga pesnayuoHa
aHanu3a, onmumu3sayuja eepogamHohe, 6UrbHO yrbe, OUeNTeKMPUYHO
€80jcmeo, u3osiayuoHO c80jcmeo.
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