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Abstract:

Introduction/purpose: Researchers of fluids for high voltage engineering
application always experience problems when selecting and
recommending specific fluids suitable for high voltage application. This is
due to the dual functionality of fluids required for high voltage equipment.

Methods: This study introduced and employed a probability-based multi-
objective optimization technique in the selection of high voltage
thermofluids. Beneficial and unbeneficial preferable probability utility
indexes were employed based on the desired properties of oils.

Results: It was shown that the nanofluid with 0.6 wt% Al,Osz is the most
promising candidate for high voltage equipment compared to other
produced fluids considered. It is also noteworthy to state that coconut oil
exhibited better performance efficiency compared to standard oil. This
study also identifies that the produced Jatropha oil was inadequate for high
voltage equipment.

Conclusion: In conclusion, a preliminary study essential for final usage of
0.6 wt% Al,O3 nanofluids and coconut oil for high voltage equipment is
recommended as well as the improvement of the performance
characteristics of Jatropha oil for usage in high voltage equipment.

Keywords: preferable probability optimization, high voltage equipment,
thermofluids, physicochemical properties, dielectric strength.
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Introduction

High voltage engineering is an integral area of electrical and
mechanical engineering. A lot of devices have been made for high voltage
application - power transformers, switchgears, control equipment,
communicating devices, and insulators, to mention but a few. The quality
of insulating fluids used in such equipment is essential for its wellbeing and
efficiency (Oparanti et al, 2020; Oparanti et al, 2022). This study comes
with the motivation to apply a novel multi-objective approach in the
selection of optimal processing conditions or better performance fluids for
high voltage equipment.

Conventional mineral oil has been used in high voltage equipment
due to its unigue and multifunctional characteristics, which are efficient
cooling and dielectric capacity. However, due to mineral oil non-
biodegradability and other intricate production tendencies, researchers
have worked on the production of alternative fluids for high voltage
engineering. Abeysundara et al (2001) produced and examined the
properties of coconut oil as an alternative for transformer mineral oil.
Sitinjak et al (2003) examined the characteristics of palm oil and its
derivative for high voltage equipment. Hosier et al (2009) studied the
selection of a suitable vegetable oil for high voltage engineering. Garba et
al (2013) produced and characterized Jatropha oil for transformer
application. Peppas et al (2016a, 2016b) produced ultrastable natural
ester-based nanofluids for high voltage engineering. Oparanti et al (2021a)
developed a nanofluid from palm kernel oil for high voltage engineering.
Oparanti et al (2021b), in addition to their previous work, analyzed AC
breakdown of their synthesized nanofluids from palm kernel oil. In all of
these studies, with the ones not mentioned, there has been a challenge in
selecting a specific oil sample suitable for high voltage application,
considering the dual functionality of a typical high voltage equipment oil.
Hence, this study has addressed this challenge by introducing and
employing a probability-based optimization technique for multiple
performance characteristics of high voltage engineering oil.

Consequently, several techniques such as Ashby’s method (Ashby,
2000; Ashby et al, 2004), the TOPSIS method (Deshmukh & Angira, 2019),
the grey relational analysis method (Abifarin, 2021; Abifarin et al, 2021a,
2021b, 2021c; Awodi et al, 2021; Abifarin et al, 2022; Abifarin & Ofodu,
2022), and the intersection multi-objective probability method (Wang &
Teng, 2021; Zheng, 2022) have been used for multiple objective
optimization in several applications; probability-based multi-objective
optimization has proven to be simple and more efficient (Zheng, 2022).
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Hence, this study selected some data (Abeysundara et al, 2001,
Garba et al, 2013; Oparanti et al, 2021a) in high voltage engineering oil
development and then the new multi-objective probability optimization
technique was employed for the first time to determine the most efficient
oil sample among other samples in the study.

Research method

The beneficial utility index method is applied to a desired
characteristic which should be as high as possible. The index
characteristic indicator contributes positively to a partial preferable
probability. Equation 1 is used to compute the partial positive probability
index (Pij), while equation 2 is used to compute the normalized factor ()
of the jth utility index of the performance characteristic indicator.

PIJ = oquij, i= 1, 2,...,n;j =1, 21_m (1)
& = 1(n%;) 2

where Xijj is the jth beneficial utility index of the characteristic performance
indicator of the ith number of sample, n is the total number of samples
considered in the study, m is the total number of 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 performance
characteristics considered for the beneficial utility index are shown in Table 1:

Table 1 — Beneficial utility high voltage characteristics
Tabnuya 1 — «Yem 6onbwe, mem fy4dwie» xapakmepucmuku U3OsYUOHHO20 Macra
Tabena 1— Kapakmepucmuke u3onayuoHoe yrba murna ,uimo suwe — mo 6osbe”

Performance characteristics | Beneficial utility discussion | Reference

Activation energy (eV/mol) The higher the activation (Badicu et al, 2011; Liu et
energy, the harder it al, 2019; Liu et al, 2020;
becomes to reduce the Oparanti et al 2021a)
viscosity of the liquid at
elevated temperature. In
other words, a higher
activation energy of a fluid
leads to a good cooling
integrity of the fluid.
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Performance characteristics

Beneficial utility discussion

Reference

Breakdown
voltage/Dielectric strength
(kV)

Breakdown voltage or
dielectric strength of an
insulator is the minimum
voltage that makes the
portion of an insulator to
experience electrical
breakdown and become
electrically conductive.
Also the higher the
breakdown voltage of a
fluid, the less contaminant
the oil. In other words, as
high as possible
breakdown voltage is
required for high voltage
equipment.

(Lee et al, 2012; Peppas
et al, 2016a, 2016b; Abd-
Elhady et al, 2018;
Ghoneim et al, 2021;
Oparanti et al, 20213;
Asse et al, 2022)

Flash point (°C)

Insulating fluids for high
voltage equipment should
exhibit a high flash point.
This prevents fire
outbreak, interrupted
power supply and
economic loss.

(Kumar et al, 2014;
Oparanti et al, 2021a;
Oparanti et al, 2022;
Minkner & Schmid, 2022)

The unbeneficial utility index method is applied to a desired
characteristic which should be as low as possible, i.e. minimization type of
optimization is desired. The index characteristic indicator contributes
negatively to a partial preferable probability.

Equation 3 is used to compute the partial negative probability index

(Pij), while equation 4 is used to compute its normalized factor (4) of the
j utility index of the performance characteristic indicator.

PIJ = ﬂij(xjmax + ijin - Xi), i= 1, 2,...,n; j = 1, 2,..m (3)

ﬂ” :1/[n(xjmin + ijax) - nxj ] 4
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Table 2 — Unbeneficial utility high voltage oil characteristics
Tabnuya 2 — «Hem meHbwe, mem fy4duwie» xapakmepucmuKu U30/syUOHHO20 Macna
Tabena 2 —Kapakmepucmuke usonayuoHoe yrba muna ,,lmo mame — mo 6orpe”

Performance
characteristics

Unbeneficial utility
discussion

Reference

Cloud point

The cloud point of an
insulating fluid is the
temperature at which the
fluid begins to condense,
i.e. the smaller the cloud
point of an insulating fluid,
the better it is for high
voltage equipment

(Garba et al, 2013; Du et
al, 2013; Oyelaran et al,
2020)

Viscosity

High viscosity of a fluid
usually causes poor
atomization of the fluid,
meaning minimization is
required for high voltage
equipment

(Hosier et al, 2006; Garba
et al, 2013; Srinivasa &
Surendra, 2019)

Specific gravity

Specific gravity is used to
examine whether an object
will float or sink in water. In
other words, if the specific
gravity of a fluid is less
than one, it means that the
fluid will float in water.
Lower specific gravity is
required to enable the
dewatering of the fluid
during transformer
maintenance.

(Gong et al, 2018; Lin et
al, 2021)

Density

Lower density of a fluid for
high voltage equipment is
required because it
enhances mobility of the
fluid. Mobility of the fluid is
required for efficient
equipment cooling.

(Yaacob & Alsaedi, 2015)

Moisture content

Moisture content has a
negative effect on the
insulating and dielectric
properties of a transformer
oil. No water content or as
small as possible water
content is desired for high
voltage equipment

(Ofodu & Abifarin, 2021;
Zhang et al, 2021)
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Furthermore, the conclusive preferable probability of the analysis is
the product of the individual partial preferable probability of a
corresponding candidate sample. Afterwards, the ranking is done to show
the candidate sample with the best performance characteristics.

Analysis and discussion of the results

Activation energy and breakdown voltage

Oparanti et al (2021a) developed nanofluids and examined their
activation energy and breakdown voltage. However, the analysis did not
reflect conclusively which oil sample is the best candidate for high voltage
equipment. Table 3 shows the oil samples and their corresponding
activation energies and breakdown voltages.

Table 3 — Activation energy and breakdown voltage of high voltage fluids
Tabnuya 3 — QHepausi akmusayuu U Hanps»KeHUEe 8bICOKOBOIbMHO20 Npobosi

XKudkocmeti
Tabena 3 — AKmueayuoHa eHepeauja u HarloH ryyara ¢hriyuda 3a 8UCOKOHaIOHCKY
onpemy
Samples ,(Aecvti/vn?(tjlc;n energy Breakdown voltage (kV)
Ester oil 0.04 21
Ester + 0.2 wt% Al,O3 0.09 23
Ester + 0.4 wt% Al,O3 0.09 27
Ester + 0.6 wt% Al,O3 0.09 29
Ester + 0.8 wt% Al,O3 0.09 29
Ester + 1 wt% Al,Os 0.09 27
Ester + 0.2 wt% TiO, 0.047 26
Ester + 0.4wt% TiO, 0.047 27
Ester + 0.6 wt% TiO, 0.05 28
Ester + 0.8 wt% TiO, 0.06 28
Ester + 1 wit% TiO, 0.08 28

The data presented in Table 3 was analyzed using the beneficial utility
index as the higher-the-better characteristics desired for high voltage
equipment. The resulting analysis is displayed in Table 4. The multi-
objective optimization shows that two oil samples exhibited the best
performance - the nanofluids with 0.6 and 0.8 wt% Al>O3z nanopatrticles.
However, to save costs and to reduce agglomeration of nanopatrticles in
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the fluid, the nanofluid with 0.6 wt% Al.Os is the most promising candidate
for high voltage equipment. In addition, it is recommended to study the
effect of Al,Os nanoparticles using the 1wt% stepwise increase instead of
the used 2wt% stepwise increase of activation energy and breakdown
voltage of ester oil. This will show that perhaps 0.7 wt% has better
activation energy and breakdown voltage.

Table 4 — Partial (Pij) and total preferable (Pt) probabilities of activation energy and
breakdown voltage of various fluids
Tabnuya 4 — YacmuyHas (Pij) u nonHas (Pt) npednoymumernsHble 8epossimHocmu
SHepauu aKkmusayuu u HanpsikeHusi npobosi pa3nuyHbix Xudkocmel
Tab6ena 4 — Aenumuyre (Pij) u ykynHe (Pt) noxerbHe seposamHohe akmueayuoHe
eHepeuje u HaroHa ryyarba pa3Hux ¢yuda

Samples deorg;\ctivation \chi)jl tc;‘gt;rzf\l;)down Pt*100 Rank
Ester oil 0.052 0.072 0.372 9
Ester + 0.2 wt% Al,Os 0.117 0.079 0.917 4
Ester + 0.4 wt% Al,O5 0.117 0.092 1.077 2
Ester + 0.6 wt% Al,Os 0.117 0.099 1.157 1
Ester + 0.8 wt% Al,O3 0.117 0.099 1.157 1
Ester + 1 wt% Al,O3 0.117 0.092 1.077 2
Ester + 0.2 wt% TiO, 0.061 0.089 0.542 8
Ester + 0.4wt% TiO, 0.061 0.092 0.562 7
Ester + 0.6 wt% TiO, 0.065 0.096 0.621 6
Ester + 0.8 wt% TiO, 0.078 0.096 0.745 5
Ester + 1 wt% TiO, 0.104 0.096 0.993 3

Physicochemical characteristics and dielectric strength

Garba et al (2013) produced Jatropha oil, examined its properties,
and compared it with diesel oil and transformer oil to see which one would
perform better for transformer application. The performance
characteristics of various oils are displayed in Table 5.

The flash point and dielectric strength were analyzed using the
beneficial utility index (see Table 1) while the rest of the characteristics in
Table 5 were analyzed using the unbeneficial utility index (see Table 2).
The result showed that the developed Jatropha oil exhibited lesser
performance for high voltage equipment compared to the other two
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standard oils. This means that further study is essential to improve the
performance characteristics of Jatropha oil for high voltage equipment.
Many reports have shown that the addition of nanoparticles and the
improvement of oil production can improve the performance efficiency of
the oil for high voltage equipment (Jin et al, 2014; Peppas et al, 20164,
2016b; Rafig et al, 2016; Muangpratoom & Pattanadech, 2018; Oparanti

et al, 2022).

Table 5 — Physicochemical characteristics and dielectric strength for high voltage

engineering

Tabnuua 5 — @u3UKo-xuUMUYeCcKUe xapakmepucmuku u duanekmpuyeckasi MPoOYHOCMb
8 obrracmu MexHUKU 8bICOKUX HarnpspKkeHul

Tabena 5 —@u3uYKo-XeMujcKe Kapakmepucmuke U dueriekmpu4Ha cHaza y obnacmu
eHepeemuke 8UCOKO2 HaroHa

Oil samples Fla_lsh . CIc_Jud . Viscosity Spe(_:ific Densigy Dielectric
point (°C)  point (°C)  (cst) gravity (g/cm?) strength (kV)

Diesel 65 5 2.86 0.792 0.8162 20

Jatropha oil 150 14 8.2 0.848 0.725 22

Transformer oil | 140 7 9.3 0.89 0.89 24

Table 6 — Partial (Pij) and total preferable (Pt) probabilities of the physicochemical
properties and dielectric strength of fluids
Tabnuuya 6 — YacmuuyHas (Pij) u nonHas (Pt) npednoymumerbHblie 8eposimHocmu
UBUKO-XUMUYECKUX Xapakmepucmuk u duanekmpuydeckol npoyHocmu xudkocmet
Tabena 6 — [Jenumuure (Pij) u ykynHe (Pt) noxerbHe seposamHohe hu3UYKO-XeMUCKUX
Kapakmepucmuka u duesieKmpuyHe cHaze ¢riyuda

Oil samples (Pij)of  (Pij)of (Pijyof  (Pij)of  (Pijjof (Pij) of Pt*1000 Rank
flash cloud viscosity specific  density dielectric
point point gravity strength
Diesel 0.183 0.448 0.577 0.356 0.647 0.303 3.302 1
Jatropha oil 0.423 0.16 0.246 0.334 0.721 0.333 1.331 3
Transformer oil | 0.395 0.384 0.177 0.317 0.587 0.364 1.817 2

Abeysundara et al (2001) produced a coconut oil, evaluated its
performance characteristics and compared it with a standard oil for high
voltage equipment. The properties of the two different oil types are
presented in Table 7.
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Table 7 — Properties of coconut oil and standard oil
Tabnuua 7 — Ceolicmea KOKOCO8020 mMacsia U cmaHO0apmHo20 Macesn
Tabena 7 — Ceojcmea KOKocogoe yrba U cmaHOapOHo2 yiba

. Dielectric A Moisture content ) . Density
Oil type strength (KV) Flash point (°C) (mg/Kg) Viscosity (cst) (Kg/dm?)
Coconut oil | 60 225 1 29 0.917
Standard oil | 50 154 15 13 0.895

The multi-objective optimization analysis was done and presented in
Table 8 based on the conditions in Table 1 and 2. It is interesting to note
that the produced coconut oil exhibited a higher performance tendency for
high voltage equipment compared to standard oil. This shows that it is a
good candidate for high voltage engineering. Therefore, further study such
as ageing, direct application of the oil in a typical high voltage equipment
is recommended.

Table 8 — Partial (Pij) and total preferable (Pt) probabilities of the oil properties
Tabnuua 8 — YacmuyHsie (Pij) u nonHeie (Pt) npednoymumeribHble 8eposimHocmu
ceolicme macna

Ta6ena 8 — Aenumuure (Pij) u ykynHe (Pt) noxerbHe seposamHohe ceojcmasa yrba

(Pij) of (Pij) of (Pij) of pi: pi:
Oil type dielectric ~ flash moisture \(/is”c)ozfity EieI:])si(:f Pt Rank
strength point content y
Coconut oil 0.546 0.594 0.6 0.312 0.492 2.984 1
Standard oil 0.455 0.406 0.4 0.696 0.504 2.593 2
Conclusion

This study successfully introduced and employed a probability-based
multi-response optimization technique in the selection of high voltage
thermofluids. The results showed the possibility of the employment of the
probability-based multi-objective optimization technique in the production
and selection of high voltage equipment oil. It was found out that the
nanofluid with 0.6 wt% Al,Os is the most promising candidate for high
voltage equipment compared to other produced fluids in the study of
Oparanti et al (2021a). It is also noteworthy to state that coconut olil
exhibited better performance efficiency compared to standard oil in the
study of Abeysundara et al (2001). However, this study identifies that
Jatropha oil produced by Garba et al (2013) was inadequate for high
voltage equipment. Hence, preliminary study essential for the final usage
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of 0.6 wt% Al,O3 nanofluids and coconut oil for high voltage equipment
should be done while the performance characteristics of Jatropha oil for
high voltage equipment should be improved. In conclusion, the multi-
objective optimization technique has been successfully employed in the
selection of fluids for high voltage equipment. It is clear from the study that
the analysis is simple to apply. Hence, it is recommended that the
probability multi-objective optimization technique be subsequently
employed when selecting the most efficient fluid for high voltage
equipment.
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MPUMEHEHWE ONMTUMU3ALIN C HECKOJTbKMMW BbIXOOAMW,
OCHOBAHHOW HA BEPOATHOCTW, ANA XXUAKNX
TEMNOHOCUTEJIEN BbICOKOBOINBTHOIMO OBOPYOOBAHNA

[xose Yykeyka Ocbony?, [xkoHcoH KexuHOe AbudapmnH®

aYHuBepcuTteT lMNopT-XapkopTa, NHXEHEPHbIA dakynbTeT,
kadegpa mMaluMHocTpoeHus, r. Yoba, wrat Pusepc,
®epepatmsHasa Pecnybnvka Hurepus
5 Yunsepcutet Axmagy Benno, uHxeHepHbIn (akynbsTer,
kadeapa mawmHocTpoeHus, r. 3apus, PegepatmeHasa Pecnybnvka Hurepus,
KOPPEeCMnOoHAEHT

PYBPUKA 'PHTW: 30.17.00 MexaHuka *Xnakoctu u rasa,
47.09.00 MaTepuans! 4na aNeKTPOHUKN N pagnoTEXHUKN
BWO CTATbW: opurmHanbHasa HayyHas ctaTtbs

Pesrome:

BeeoOeHue/uenb: Wccrnedoeameriu, 3aHumMarouuecss XuOKOCmsMU,
rnpedHa3Ha4YeHHbIMU OfI  UCIMOMb308aHUsI 8 MEXHUKe B8bICOKUX
HanpspkeHul, 3a4acmyto cmarnkuearomcs ¢ npobremamu rpu ebibope
unu npu pekomeHdayuu coomeemcemeyrowiel xudkocmu, nodxodswel
0711 UCr0/1b308aHUsT 8 MEXHUKe 8bICOKUX HarnpshkeHul. 3mo cesi3aHo ¢
d80UHOU  yHKUUOHanbHOCMbIO XudKkocmel, Heobxodumbix Ons
8bICOKOBOJTILMHO20 060pyd08aHUSI.

Memodei: B daHHOU cmambe npedcmaeneH U MpUMeHeH Memod
MHo2ouenesoll onmuMuU3ayuu, OCHOB8aHHbLIU Ha eeposimHocmu, fpu
8bibope mernnoHocumernsi 055l 8bICOKO8O/IbMHO20 060pydoeaHusi. B
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3asucumocmu om oxudaembix xapakmepucmuk macria rnpumeHAsiuch
UHOeKchbI npeanoqmumeano[J geposamHocmu riosieaHocmu, muria
«yem bonbwe, mem Jiydwe» u «4emM MeHbuwe, mem Jiyduwer.

Pesynbmamebi:  Pe3ynbmamsbl  uccriedoeaHuss  nokasanu, 4mo
HaHoxudkocmb ¢ codepxaHuem 0.6 wt% Al,Os sensemcs Haubornee
rnepcrnekmugHbiM KaHOuOamom 05151 8bICOKO80/IbMHO20 060pydo8aHuUs
10 cpaBHEHUKo ¢ OpyauMu UCMbIMaHHbIMU XUdKocmamu. Takxe 8axHO
ommMemumb, 4mo KOKOCO80€ Macsio rokasaso Jydwue pesyrnbmamas!
M0 cpasHeHUr €O cmaHOapmHbiM MacsiomM. B xode uccrnedosaHus
make 8bIsI8/IeHO, YMO 8bipabomaHHoe Macsio Aampogbl HEMPU2OOHO
Or1s1 8bICOKOBOJIbIMHO20 060pyd08aHUS.

Bbig0o0hbi: PekomeHdyemcsi nposecmu npedgapumeribHoe
uccniedosaHue, Heobxodumoe Orid KOHEYHO20  UCO0/1b308aHUs
HaHoxudkocmel ¢ codepxkaHuem 0.6 wt% Al,Os, a makxe KoOKocogoeo
macna 8 MmexHUKe 8bICOKO20 HarnpsikeHus. Takxe pekomeHOyemcs
yAy4wums xapakmepucmuku macna, ebipabomaHH020 U3 pacmeHusi
ampodgba 01151 UCronb308aHUST 8 MEXHUKE 8bICOKO20 HarpsiXKeHUs.

Kntoyessie crioea: onmumusayus npednoqmumeanoU geposamHocmu,
8bICOKOBOJIbIMHOE oGopyOoeaHue, meriyioHocumeriu, d)U3UKO-
Xumu4eckue ceoticmea, dusneKmpuquKaﬂ 1POYHOCMb.

NPNUMEHA OMTUMN3ALUMJE CA BMLLE U3NA3A SACHOBAHE HA
BEPOBATHORN/ ®JTYUOA OA NMPEHOCE TOMNOTY Y
BNCOKOHAIMOHCKOJ OINMPEMUA

Llocegp Yyksyka Odony?, LloHcoH KexuHde ABudapunH®
aYHuBepanTeT y [NopT XapkopTy, PakynTeT TEXHUYKMX HayKa,
OACeK 3a MalmnHCTBO, Yoba, ApxaBa Pusepc, CaBesHa Penybnvka Hurepwja

6 Yuueepantet Axmaay Benno, ®akynteT TEXHUYKMX HayKa, OfCEeK 3a
malumnHcTBOo, 3apua, CaBesHa Penybnuvka Hurepuja, ayTop 3a npenucky

OBJIACT: mawmHCTBO, MaTepujanu
BPCTA YJTAHKA: opyruHanHu Hay4Hu pag

Caxemak:

Yeod/uyurs: lNpu usbopy odzosapajyhee chriyuda no2odoe 3a npumeHy y
BUCOKOHArOHCKOj onpemu Haurasu ce Ha npobrieme. Y3pok mome je
dsocmpyka  ¢hyHKUUOHanHocm  ¢briyuGa Koja ce 3axmeea 3a
BUCOKOHArOHCKY Orpemy.

Memode: Oeaj pad yeodu u rnpumeryje MEeXHUKYy 8ulleyurbHe
onmumusayuje 3acHosaHe Ha eepogamHOhu npuUKoM cenekyuje
¢riyuda 3a npeHoc moririome y 8UCOKOHAaroHCKoj orpemu. WHOekcu
KopucHocmu rioxesrbHe eepogamHohe muna ,,uimo euwie — mo 6orbe” u
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muna ,Wmo Mare — mo 60r/be” NPUMEHEHU CY 3aBUCHO 00 XerbeHUX
Kapakmepucmuka yrba.

Pesynmamu: [lokazaHo je Oda je HaHoghniyud ca 0,6 wt% AlO3
Hajrio200HUjU 3a BUCOKOHAIOHCKY ofpeMy y  O0OHOCy Ha ocmare
pasmampaHe ripoussedeHe ¢hriyude. BaxXHo je nomeHymu da je KOKOCO80
yIbe riokasario 6osbe nepghopmarce y rnopefjery ca cmaHOapOHUM YIbEM.
YkazaHO je, makoRe, u Oa npou3eedeHo ysbe burbke Jatropha Huje
10200HO 3a BUCOKOHAIOHCKY Orpemy.

Bakmwyyak: [lperiopydyje ce npenumMuHapHa cmyduja, HeornxooHa 3a
Kpajrbe kopuwherse HaHogbryuda ca 0,6 wt% Al.O3,ka0 U KOKocogoe yrba
3a 8UCOKOHarloHcKy ornpemy. Takohe, npernopyka je Oa ce
robosbwajykapakmepucmuke yrba burbke Jatropha padu kopuwhera y
BUCOKOHAaIOHCKOJ Orpemul.

KbydHe peyu: onmumu3sauuja MoXesbHe seposamHohe,
BUCOKOHAarioHCKa ornpema, ayudu 3a rnpeHoc morsiome, uU3UYKO-
Xxemujcka ceojcmea, QuesiekmpuyHa cHaza.
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