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static separation of mixtures from shredded printed circuit boards (PCBs), in associa-
tion with the X-ray fluorescence analysis, and simultaneously to examine how the
efficiency of this method is influenced by the supply voltage, both in terms of ampli-
tude and nature. Methods: The electrostatic separation technique is used by means of
a two-phase moving wave conveyor with characterisation analysis using X-ray fluores-
cence in order to justify the efficiency of the process studied. Results: The results of
) this study can have practical implications for improving the recycling process of elec-
DOI: 10.5937/vojtehg72-48409 tronic waste, especially from printed circuit boards (PCBs). By optimizing the high
— voltage and understanding its effects on the electrostatic separation process, it may
‘ @ be possible to increase the efficiency and effectiveness of recycling valuable materials
[N By | from electronic waste while reducing environmental impact. Conclusion: The XRF
analysis of the samples reveals their distinct compositions. The variations observed
[clelo n) are even more marked if the influence of the voltages applied on the electrostatic
(c]efes) separation process is considered.
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INTRODUCTION

Waste Electrical and Electronic Equipment (WEEE) is increasing rapidly globally and has become one
of the most important types of solid waste (Lu et al, 2018, p.83). In the context of recycling electronic
boards, it can be used to separate different components or materials based on their electrical charac-
teristics. The separation effectiveness relies on the ability to control particle tribocharging (luga et al,
2005).

The triboelectric separation represents a solution for the sorting of plastics mixtures, whenever the
components have a similar size, shape, magnetic permeability and electrical conductivity (Mimouni et

al, 2017, p.2).

Metals represent a significant part of this waste, both in volume and in material value (UNEP, 2013).
The recycling market for old electronic devices is essentially based on recovered metals, recycling
chains for plastics, glass and ceramics being more limited. Printed circuit boards are among the most
economically relevant waste materials in this category. Various processing units recycle Waste Printed
Circuit Boards (WPCB) to capture metals of value, such as Cu, Ag, or Au (Ghosh et al, 2015, p.5).

Traveling-wave conveyors or electric curtains are generally used for the displacement of micronized
insulating particles such as plastic granules and dust, among others. They consist of parallel elec-
trodes separated by a small inter-electrodes gap of the order of 1 mm and powered by a polyphase
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voltage; the resulting dielectrophoretic and Coulomb forces then cause the movement of particles
(Louati et al, 2020, p.2).

The study aims to investigate how the efficiency of the electrostatic separation process is influenced
by high voltage. This includes variations in both the amplitude (intensity) and nature (AC or DC) of the
voltage applied to the process. This variation in voltage can impact the electrostatic forces acting on
particles, potentially affecting the separation efficiency. The study likely involves conducting experi-
ments where shredded printed circuit boards (PCBs)are subjected to electrostatic separation using
different high voltage settings. The separated materials are then analyzed using X-ray fluorescence to
assess the effectiveness of the process in terms of sorting and recycling different components from
electronic boards.

The results of this study can have practical implications for improving the recycling process of elec-
tronic waste, especially from PCBs. By optimizing high voltage and understanding its effects on the
electrostatic separation process, it may be possible to increase the efficiency and effectiveness of
recycling valuable materials from electronic waste while reducing environmental impact.

EXPERIMENTAL
Concept of moving wave conveyors

The moving wave method is an electrical phenomenon that causes particles to move by exploiting the
interaction between a polarized particle and a polyphaser electric field. This electric field is generated
by a set of parallel electrodes arranged in a common plane and subjected to 2, 3 or 4-phase alternat-
ing potentials as presented in Figure 1.
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Figure 1.

a) Experimental set-up for a sinusoidal power supply: 1) HV amplifiers, 2) Digital oscilloscope, 3) Function generator, 4)
Vibrator with a regulator, 5) HV transformer,6) Two-phase, double-sided conveyor inclined at 20°% 7) Recovery tank; 8)
HV connectors b) Descriptive diagram of the two-phase conveyor feeder
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When a particle is exposed to an electric field E, this induces an electric dipole moment within it. In
the presence of a uniform electric field, the particle is subjected to two equal and opposite forces,
which cancel out the net force, called the electrophoretic force, exerted on the particle. Unlike the
polarity of the voltage, this force can be observed with AC or DC voltages. It is the dominant force in
the "moving wave conveyor" type of devices.

The moving wave conveyor uses two-phase bilateral vibration excitation. This means that the convey-
or electrodes are supplied with a two-phase periodic voltage, with a phase shift between them equal
to 1. The number of phases is denoted by "n=2". These periodic voltages generate a progressive elec-
tric field called "moving waves" in the direction perpendicular to the axes of the electrodes. This mov-
ing wave is responsible for lifting the particles deposited on the conveyor and moving them progres-
sively.

The conveyor was mounted on an electromagnetic vibrator with the type designation "LEV2-220V-
50/60HZ S3000-0.25A-37W MAX-IP66". This designation cannot be used to determine the specific type
of vibratory actuator without further information.

The "220V-50/60HZ" part indicates the AC motor supply voltage, with the possibility of operating at a
frequency of 50 or 60 Hz. S3000-0.25A-37W MAX" may provide information on the model or specific
electrical characteristics of the motor, including rated current (0.25A), maximum power (37W), and
other potential specifications. Finally, "IP66" indicates the level of protection against ingress of dust
and water.

The mechanical operating frequency may be different from the mains frequency, as some vibratory
conveyor systems can be designed to operate at specific frequencies depending on separation pro-
cess requirements or design preferences.

For our study we varied only the material flow rate that causes the plastic granules to move and keeps
the metal particles on the surface (D=0.5 g/s).

This is a set of identical parallel electrodes separated by a gap. The assembly is then coated with an
insulating layer of varnish to prevent breakdown between the electrodes. Electrodes belonging to the
same phase are connected together. The phases are supplied with periodic voltages with a phase shift
of 1, which generate a progressive field called "moving waves" in the direction perpendicular to the
axes of the electrodes. The 2-phase electric field charges the deposited particles, lifts them from the
substrate by electrostatic forces and propels the particle layer off the conveyor surface by a progres-
sive wave which is none other than the moving wave. The dynamic forces of the non-uniform field
wave thus generated overcome the adhesion and gravitational forces acting on the charged particles
and transport them in a direction in the plane perpendicular to the electrodes in a progressive manner
from one electrode to the other. The particle charging process is primarily a surfacedominated pro-
cess and is described as follows: Particles on the interface of the thin insulating film above the em-
bedded field electrodes are either triboelectrically charged by contact friction for non-conductive
objects when placed on the surface, or inductively charged by the application of voltages to the elec-
trodes for conductive objects. This particle separation device is an electronic printed circuit board
measuring 200 x 165 mm’, on which parallel copper electrodes 1 mm wide and 100 mm long have been
made. The electrodes were made on both sides of the printed circuit, separated by the thickness of
the printed circuit itself, equal to 1.5 mm ( ).

In this study, we used a mixture of crushed electronic boards recovered from cathode ray tube televi-
sion sets,
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Figure 2.
Photographs of the electronic boards of a cathode ray tube before and after shredding

These boards are printed circuits that hold and electrically connect a set of electronic components
together. In the whole world, more than 50 million tons of ewaste is generated yearly. PCBs represent
the most economically attractive portion of e-waste and account for 3-5% by weight (Kaya, 2016, p.2).
Waste PCBs constitute a heterogeneous mixture of metals, nonmetals and some toxic substances. A
PCB assembly contains many electronic components (ECs) and organic plastic board. Waste PCBs
have a metal content of nearly 30% (Cu: 10-20%, Pb: 1-5%, Sn: 1-6%, Ni: 1-3%, Fe:1-3%, Ag: 0.05%, Au: 0.03%
and Pd: 0.01%), especially the purity of precious metals in PCBs is more than 10 times that of ore min-
erals (Zhou & Qui, 2010, p.823).

The experimental procedure was divided into two parts to determine the influence of the type of
supply voltage and its amplitude on the attractive force applied by the moving-wave conveyors.

Experimental set-up
Sinusoidal AC high voltage:

The experimental set-up used is illustrated by the schematic description in Figure 1.The voltage ampli-
fier (Trek, model 2220) is one of many types in the Trek 2200 series. This series of 40 W high-voltage
amplifiers offers high performance.
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Figure 3.
X-ray fluorescence spectrum of the sample (conductor material)
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Figure 4.
X-ray fluorescence spectrum of the sample (non-conductor material)
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Figure 5.
X-ray fluorescence spectrum of sample 3 for U=2kV (conductor material)

The Model 2220 (Figure 2, Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7) provides precise control
of output voltages in the range 0 to+2 kV DC or peak AC with an output current range of 0 to + 20 mA

peak AC and a wide DC bandwidth at 7.5 kHz (3dB).

The study of variations in one quantity as a function of another requires a very rapid recording of a
series of points to obtain a curve. The GDS-3000 series digital memory oscilloscope makes it possible
to plot the curves corresponding to the evolution of the measurement signal directly on the screen in
an experimental study with the single-sided conveyor. A mid-point transformer is used to provide a

"symmetrical" voltage.
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The angle of inclination of the vibrating conveyor is currently set at 20°. Parametric studies carried out
by scientific researchers have shown that the optimum angle of inclination for this actuator is be-
tween 10° and 20°.
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Figure 6.
X-ray fluorescence spectrum of sample 4 for U=2kV (non-conductor material)
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Figure 7.
X-ray fluorescence spectrum of sample 5 for U=4kV (conductor material)

A vibrating conveyor is elastically supported by standard springs. It is designed for conveying and
handling small quantities of bulk material over short distances. These feeders are ideal for applica-
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tions such as dosing, mixing, weighing or continuous in-process feeding. Vibratory feeders are con-
trolled via a 220 V - 50 Hz control box with a potentiometer in the standard configuration for precise
flow rate adjustment. The chutes are made of painted sheet metal as standard.

For this part, a DC voltage was applied to the two-phase conveyor that varied from o - 30 kV with a
current of 9 mA (Spellman, 30 kV, 9 mA). Using a single positive DC high voltage supply, one phase
was supplied with the positive voltage and the other phase was earthed. The conveyor was attached
to an electromagnetic vibrator to facilitate the movement of particles that did not stick to the con-
veyor surface.

Fluorescence spectrometry analysis can be used to characterize and identify the different materials
present in a mixture of waste electrical and electronic equipment that has been separated using a
moving wave conveyor.

Detecting breakdown voltage is usually a critical aspect of highvoltage systems to prevent failure or
damage. Common methods of detecting breakdown voltage include the use of voltage sensors, moni-
toring devices, or predefined thresholds that trigger safety actions when voltage reaches critical lev-
els.

To eliminate breakdowns in our system, we optimised the system parameters such as voltage, fre-
quency and pulse duration to minimise the risk of breakdowns.

Coordination between the arrival of the material from the vibrating conveyor and the intensity of the
discharge in this electrostatic separation system can be achieved by manual control.

The discharge intensity can be manually adjusted according to the material arrival. This can be done
using manual controls or adjustable parameters on the electrostatic discharge device.

For the analyses, X-ray fluorescence microscopy was used to identify and determine most of the
chemical elements making up the samples (equipment available at the research technology platform
(Algeria). This technique can be used for a wide variety of materials: minerals, ceramics, cements,
metals, oils, water, glass, etc. in the solid or liquid form.

Bruker's M4 TORNADO is an advanced characterization tool that uses the small spot X-ray micro-
fluorescence technique to analyze a variety of samples. This technique provides detailed information
on the elemental composition and distribution of elements in samples, even at depths below the sur-
face. Each separate material was placed individually in the excitation zone of the fluorescence spec-
trometer and the corresponding fluorescence spectra recorded. These are graphs representing the
intensity of light emitted as a function of wavelength.

It is possible to discern various constituents present in a waste mixture by examining their distinct
spectral characteristics by applying a high sinusoidal AC voltage of 2kV. Fluorescence proves useful for
detecting the presence of precious metals such as iron and copper, as well as other specific compo-
nents of electronic devices, such as plastic and moving wave conveyors, pp.708-726 glass. We used
the experimental set-up illustrated in , to obtain two samples:



Mimouni, C.

Sample 1: Separated product and adhered to the surface of the moving wave conveyor.

Sample 2: The second sample of the product is separated and analyzed also in the M4 TORNADO
spectrometer.

The XRF spectra of the different samples show the elements present in each sample ( and

)- The intensity of the lines in the XRF spectra is associated only with the intensity of the ener-
gy, which means that the radiation is more intense for the highest lines. These lines are attributed to
bromine (Br) and copper (Cu) in both samples. The elemental analysis and therefore the mass per-
centage of the elements present in our samples were calculated using XRF analysis software.

shows the results of the XRF analysis of the samples (1 and 2).The spectrum presented in
shows that the sample studied is mainly composed of different chemical elements, with the
following percentages: 36.30% copper (Cu), 11.93% zinc (Zn), 9.29% iron (Fe) and 36.33% bromine (Br).

Table 1. Chemical composition of samples 1 and 2 at high sinusoidal AC voltage (%)

Voltage . Rh Fe Cu Zn Re Br
Element Conductivit o . . . . .
[kv] y [%] [%] [%] [%] [%] [%]
Sample 1 2 Conductor 6.03 9.29 36.30 1.93 0.13 36.33
Sample 2 2 Non- conductor <Lod 1.83 12.91 1.49 <Lod 83.77
It also fluoresces due to the presence of 0.34% rhodium (Rh). The spectrum shown in demon-

strates that the sample is predominantly bromine (Br), accounting for 83.77% of its composition, while
the metals copper, zinc and iron account for 15%.

In the light of the results, it appears that bromine is the predominant constituent in the chemical
composition of sample 2, while sample 1is rich in metals such as copper, zinc and iron.

By using a high DC voltage ranging from 2 kV to 8 kV, it becomes possible to distinguish different con-
stituents present in a waste mixture by observing distinct spectral properties. To achieve this, we set
up the experimental setup described in the second part, generating two samples for each test.

Further on, we present two spectra for each experiment:

Samples 3, 5, 7 and 9: of particles stuck to the conveyor surface after separation for U=2 kV, 4 kV, 6 kV
and 8 kV, respectively.

Samples 4, 6, 8 and 10: of particles detached from the conveyor after vibration for U=2 kV, 4 kV, 6 kV
and 8 kV, respectively.

The results shown in represent the X-ray fluorescence (XRF) analyses of the samples taken
after electrostatic separation of shredded TV electronic boards, followed by the application of a high
DC voltage ranging from 2 to 8 kV.

The samples are divided into two categories according to their conductivity: conductive and non-
conductive.Percentages indicate the relative amount of each element in the samples. Elements such
as copper (Cu), iron (Fe), bromine (Br), zinc (Zn), etc., may come from electronic boards.The "<Lod"
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values indicate that the quantity of certain elements is below the detection limit of the analysis meth-
od used. This is due to the low concentration of these elements in the samples.

Table 2. Chemical composition of samples for 3 to 10 at a high DC voltage (%)

Element Voltage Conductivity Fih I-;e Cou Zon F(()e I?r %i f F:b
[kv] (=1 [#] [ [ [ [#] [#x] [%] [%]
Sample 3 2 Conductor <Lod 13.26 57.36 6.56 0.29 19.32 3.21 <Lod <Lod
Sample 4 2 Non- conductor <Lod 4.02 14.61 3.25 <Lod 74.77 3.35 <Lod <Lod
Sample 5 4 Conductor 0.33 10.98 60.55 7.28 <Lod 17.33 3.25 <Lod 0.28
Sample 6 4 Non- conductor <Lod 4.05 10.91 3.01 <Lod 78.27 2.98 0.23 0.55
Sample 7 6 Conductor <Lod 8.1 64.02 6.93 0.84 16.33 3.33 0.45 <Lod
Sample 8 6 Non- conductor <Lod 3.83 10.61 2.98 <Lod 80.02 2.23 0.38 <Lod
Sample 9 8 Conductor <lLod 7.23 68.25 6.33 <Lod 14.85 3.23 <Lod o0.11
Sample 10 8 Non- conductor <Lod 2.95 9.91 2.03 <Lod 82.35 2.33 <Lod 0.43

The XRF spectra of the various samples reveal the elements present in each of them. The intensity of
the peaks observed in the XRF spectra is directly related to the energy emitted, meaning that the
most intense lines correspond to the highest energy levels.
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Figure 8.
X-ray fluorescence spectrum of sample 6 for U=4 kV (non-conductor material)

In this context, the lines observed are attributed to copper in samples 3, 5, 7 and 9 (Figure 5, Figure 7,
Figure 8, Figure 9, Figure 10 and Figure 11), while bromine is identified in samples 4, 6, 8 and 10 (Figure
6, Figure 8, Figure 10 and Figure 12).
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The elemental analysis, including determination of the mass percentages of the elements present in
our samples, was carried out using XRF analysis software. The results of this XRF analysis of the sam-
ples recovered from the DC electrostatic separation experiments are presented in Table 2, covering
samples 3 to 10.
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Figure 9.
X-ray fluorescence spectrum of sample 7 for U=6 kV (conductor material)
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Figure 10.
X-ray fluorescence spectrum of sample 8 for U=6 kV (non-conductor material)
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Figure 11.
X-ray fluorescence spectrum of sample 9 for U=8 kV (conductor material)
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Figure 12.
X-ray fluorescence spectrum of sample for 10 for U=8 kV (non-conductor material)

The analysis of the compositions as a function of the voltages applied offers important insights into
the efficiency of the electrostatic separation process applied to samples obtained from the shredding
of television circuit boards. Looking at the results, significant variations in the distribution of elements
are apparent. Samples subjected to higher voltages, such as those at 8 kV, show important percent-
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ages of certain conductive elements, notably copper (Cu) 68.25%, while for nonconductors there is a
significant recovery of bromine which exceeds 82%.

This observation suggests that the application of a higher voltage promotes more efficient separation
of conductive components from electronic boards, resulting in a higher concentration of these ele-
ments in the samples. This correlation between the applied voltage and the composition of the sam-
ples offers valuable indications for optimizing the electrostatic separation process, highlighting the
possibility of adjusting the voltage to improve the specific recovery of precious metals or other valua-
ble elements. These results provide a useful basis for refining the process parameters and maximizing
the efficiency of electrostatic separation in the recycling of electronic waste.

In conclusion, the XRF analysis of the samples reveals distinct compositions, shedding light on the
elemental makeup of shredded printed circuit boards (PCBs) subjected to electrostatic separation.

The observed variations in the composition are further emphasized when considering the influence of
the applied voltages on the electrostatic separation process. Notably, higher DC voltages, such as 8
kV, result in a more efficient recovery of conductive elements, particularly copper (68.25%), while non-
conductive elements, such as bromine, are significantly recovered, exceeding 82%. This correlation
between voltage and composition provides crucial insights for process optimization, indicating the
potential to tailor voltage parameters for enhanced recovery of precious metals and valuable ele-
ments.

The influence of the amplitude and the nature of the supply voltage to the travelling wave conveyor
revealed promising results. Sinusoidal voltages of 2 kV showed superior performance compared with
DC voltages, even at high values (from 2 kV to 8 kV). For example, an AC voltage of 2 kV recovered
around 65% of conductors and 83% of non-conductors, exceeding the proportions obtained with a DC
voltage of 8 kV. In conclusion, AC voltage appears to offer significant advantages in this context.
These findings lay a solid foundation for refining electrostatic separation processes, contributing to
the efficient recycling of electronic waste.
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Reciclaje de placas de circuito impreso (PCB) trituradas
mediante transportadores bifasicos de ondas mdviles de
dos fases

Resumen:

Introduccidn/objetivo: El objetivo de este estudio es demostrar la viabilidad de la separa-
Cion electrostatica de mezclas de placas de circuitos impresos (PCB) trituradas, en aso-
ciacion con el andlisis de fluorescencia de rayos X, y examinar simultdaneamente cémo
influye en la eficienciade este método por el suministro de voltaje, tanto en términos de
amplitud como de naturaleza. Métodos: Se utiliza la técnica de separacidn electrostética
mediante un transportador bifasico de ondas mdviles con andlisis de caracterizacion
mediante fluorescencia de rayos X para justificar la eficacia del proceso estudiado. Resul-
tados: Los resultados de este estudio pueden tener implicaciones practicas para mejorar
el proceso de reciclaje de desechos electrénicos, especialmente de placas de circuitos
impresos (PCB). Mediante la optimizacién de la alta tensién y la comprensién de sus
efectos en el proceso de separacién electrostdtica, puede ser posible aumentar la efi-
ciencia y la eficacia del reciclaje de materiales valiosos de los desechos electrdnicos,
reduciendo al mismo tiempo el impacto ambiental. Conclusién: El analisis XRF de las
muestras revela composiciones distintas. Las variaciones observadas son aun mas mar-
cadas si se considera la influencia de los voltajes aplicados en el proceso de separacién
electrostatica.

Palabras claves: reciclaje, medio ambiente, residuos de aparatos eléctricos y electrdni-
cos; transportador bifdsico de ondas mdviles; fluorescencia de rayos x, alta tensién

NepepaboTKa Uame/ibueHHbIX nevatHbix naaT (MM) ¢
MOMOLLBbIO ABYX(Pa3HbIX BO/IHOBbIX KOHBENEPOB

Pesiome:

BBepgeHue/uenb: Leab 3TOro uccieqoBaHUA - MPOAEMOHCTPUPOBATH BO3MOMKHOCTb
3/1eKTPOCTATUHECKOM Cenapaumm u3me/ib4eHHbIX neyvatHoix naat (M) B coveTaHnu C pex-
TreHodp/1yopecLeHTHbIM aHa/IM30M a TaKKe U3Y4nTb, Kak Ha 3PPEKTUBHOCTb ITOFO METO-
A3 BAVAIOT Ko/1ebaHWA U XxapaKkTep nuTatoLero HanpsxeHusa. Metogpl: 1A nogTeepxae-
HUA 3PPEKTUBHOCTM NCC/1eAyeMOro NpoLLecca UCMo/b3yeTCA MeTOZ, 3/1eKTPOCTaTUHeCKOM
cenapauum ¢ NomoLlblo AByx$asHOro BO/IHOBOrO KOHBeWepa C NOABUMXHbBIM NMOTOKOM U
aHa/IM3 XapaKTEPUCTUK C UCMO/Ib30BaHNEM PEHTIEHOBCKOM dpiyopecueHLun. PesybTaThbl:
Pe3y/bTaTbl 4aHHOro UCC/1eA0BaHUA MOMYT UCMO/Ib30BATLCA Ha NMPaKTUKE A/1A y/1ydLleHus
npouecca nepepaboTKu 3/1eKTPOHHbIX OTXOA0B, 0CO6eHHO neyaTHbIx naat (MN). OnTumu-
3aLMA BbICOKOrO HarMpsAMXeHUsA U MOHUMaHWe ero B/MAHUA Ha MpoLecc 3/1eKTpocTaThye-
CKOM cenapauuu cnocobcTBytoT 3GHEKTUBHOCTM U pe3y/bTaTUBHOCTM nepepaboTku
LLeHHbIX MaTepua/ZioB M3 3/1EKTPOHHbIX OTXOAOB, OAHOBPEMEHHO CHMMaA HeraTMBHOEe
BO3/eiCTBME Ha OKpYKalolylo cpeay. BbiBogbl: PeHTreHOod/yopecueHTHbI aHaau3
06pasLoB BbIABU/A pa3inymA B UX cocTaBe. Hab/ogaemble pas/iMumA CTaHOBATCA elle
60/1€ee 3aMeTHbIMM, €C/IM y4ecTb B/MAHME HaMpPAXKEHWUA, WUCMO/b3yeMoro B mnpoLecce
3/1eKTPOCTAaTUHECKOM cenapauuu.

KaoueBbie c/10Ba: PEUMK/IMHT, OKPY)Kalollaa cpeAa, OTXOAbl 3/1€KTPUHECKoro U
3/1eKTPOHHOro 060pyA0BaHMA, ABYX(Pa3HbIM BOHOBOM KOHBeWep, peHTreHo(p/1yopecLeH-
LIMA, BLICOKOE HarnpAXeHue



Mimouni, C.

Peuukamnpare ycuTeHux WwramnaHux nao4a (MU6) nomohy
ABOda3He Ta/s1acHe NOKpeTHe Tpake

CaxkeTak:

YBoga/umb: OBa CTyguja UMa 3a Un/b 43 AEMOHCTPUPA U3BOA/BUBOCT €/1€KTPOCTaTUYKOT
0/4Bajatba e/1emMeHaTa CMeLUa HacCTa/MX O YCUTHEHUX WwTamnanux naoya (MUB), 3ajeaHo
Ca peHAreHcKoM $G/1lyopecLLeHTHOM aHa/IM30M, Kao U Aa UCMUTa KaKo Ha e(pUKacHOCT oBe
MeToAe YTU4y amnanTyga U NnpupoAa HarnoHa Hanajarwa. Metoge: Y TeXHULM e/1eKTPoCTa-
TUYKOT O/ Bajatba KOPUCTU Ce ABOa3Ha TasacHa MOKPeTHA Tpaka ca peHAreHckom ¢pyo-
POCLLEHTHOM aHa/in30M C Lu/beM Aa ce 06pas3noxkun edpUKacHOCT nMpoyvaBaHor npoueca.
PesynTatu: Pe3ynTaTu oBe CTyauje mMory 6UTH 3HayajHM 3a nobosbluare nmpoueca peuu-
K/Mpatba e/N1eKTPOHCKOr 0TMasa, HApOYMTO OHOM HACTa/or O WTamnauux naoda (MUB).
OnTMMM3aLumMja BUCOKOr HanoHa 1 pasyMeBame HheroBor yTuuaja Ha npouec e/1eKTpocTa-
TUYKOr o4Bajara Mory ga nosehajy eduKacHOCT u ePeKTUBHOCT peLnKanparba BpegHUX
MaTepujasa U3 e/IeKTPOHCKOr 0Tnaaa, y3 UCTOBPEMEHO CMarbUBatbe yTULAja Ha KUBOTHY
cpeauHy. 3ak/bydvak: PeHgreHcka ¢ayopecueHTHa aHa/M3a y3opaka OTKpPMBA HMXOBE
KapaKTepUCTUYHe cacTaBe. YoyeHe Bapujauuje Cy jow npuMeTHUje ako ce yame y 063up
yTUL,Aj HanoHa KopuwheHor y npoLecy e/1eKTpOoCTaTUYKOr O/ Bajakba.

K/byuHe peun: peumKinparbe, XX1BOTHA CPeauHa, ONpemMa 3a e/1eKTPUYHU U e/1eKTPOHCKHM
oTnag, ABodasHa TasacHa NOKpeTHa TPaKa, peHgreHcKa gayopecueHumja, BUCOKM HanoH
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