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Abstract:

Introduction/purpose: The aim of this study is to demonstrate the viability of
electrostatic separation of mixtures from shredded printed circuit boards
(PCBs), in association 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 amplitude and nature.

Methods: The electrostatic separation technique is used by means of a two-
phase moving wave conveyor with characterisation analysis using X-ray
fluorescence 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 electronic 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
from electronic waste while reducing environmental impact.

Conclusion: The XRF analysis of the samples reveals their distinct
compositions. The variations observed are even more marked if the
influence of the voltages applied on the electrostatic separation process is
considered.

Key words: recycling, environment, waste electrical and electronic
equipment, two-phase moving wave conveyor, x-ray fluorescence, high
voltage.

Introduction

Waste Electrical and Electronic Equipment (WEEE) is increasing
rapidly globally and has become one of the most important types of solid
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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 characteristics. The separation effectiveness relies on the ability
to control particle tribocharging (luga et al, 2005, p.937).

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 electrodes
separated by a small inter-electrodes gap of the order of 1 mm and
powered by a polyphase 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 experiments 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 electronic 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.
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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 alternating potentials as presented in Figure 1.

(b)

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 conveyor electrodes are supplied with a
two-phase periodic voltage, with a phase shift between them equal to .
The number of phases is denoted by "n=2". These periodic voltages
generate a progressive electric field called "moving waves" in the direction
perpendicular to the axes of the electrodes. This moving wave is
responsible for lifting the particles deposited on the conveyor and moving
them progressively.

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 process
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 progressive wave which is none other
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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 surface-
dominated process and is described as follows: Particles on the interface
of the thin insulating film above the embedded 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 electrodes 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.
(Louhadj, 2021, p.52).

In this study, we used a mixture of crushed electronic boards
recovered from cathode ray tube television sets, Figure 2. 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 e-
waste 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 minerals
(Zhou & Qui, 2010, p.823).
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Figure 2 — Photographs of the electronic boards of a cathode ray tube before and after
shredding
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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 amplifier (Trek, model 2220) is one of
many types in the Trek 2200 series. This series of 40 W high-voltage
amplifiers offers high performance. The Model 2220 (Fig.2-7) 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 (3 dB).

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.

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 between 10° and
20°.

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 applications such as dosing,
mixing, weighing or continuous in-process feeding. Vibratory feeders are
controlled 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.

Continuous high voltage:

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 conveyor surface.

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

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

To eliminate breakdowns in our system, we optimised the system
parameters such as voltage, frequency 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.

TORNADO M4 compact X-ray micro-fluorescence spectrometer:

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 surface. Each separate material was placed individually
in the excitation zone of the fluorescence spectrometer and the
corresponding fluorescence spectra recorded. These are graphs
representing the intensity of light emitted as a function of wavelength.

Results and discussion

Analysis of the results at high sinusoidal AC voltage:

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 components of electronic devices, such as plastic and
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glass. We used the experimental set-up illustrated in Figure 1 to obtain two
samples:

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.
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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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The XRF spectra of the different samples show the elements present
in each sample (Figs. 3 and 4). The intensity of the lines in the XRF spectra
is associated only with the intensity of the energy, 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 percentage of the elements present in our samples
were calculated using XRF analysis software.

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

Element | Voltage | Conductivity Rh Fe Cu Zn Re Br
[kV] (6] [%] %] | [%] | [%] [%]
Sample 1 2 Conductor 6.03 9.29 | 36.30 |11.93| 0.13 36.33
Sample 2 2 Non- <Lod 183 | 1291 | 149 | <Lod 83.77
conductor

Table 1 shows the results of the XRF analysis of the samples (1 and
2).The spectrum presented in Figure 3 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). It also fluoresces due to the presence of 0.34%
rhodium (Rh). The spectrum shown in Figure 4 demonstrates 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 1 is rich
in metals such as copper, zinc and iron.

Analysis of the results at high DC voltage:

By using a high DC voltage ranging from 2 kV to 8 kV, it becomes
possible to distinguish different constituents 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:
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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.
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Figure 5 — X-ray fluorescence spectrum of sample 3 for U=2kV
(conductor material)
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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)
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Figure 8 — X-ray fluorescence spectrum of sample 6 for U=4 kV
(non-conductor material)

718




cps/eV
S0 iHRRIRGa B -1 10N HEFKA. PO-LAB-KA  Sr-KA Zr-HBME-KA  RN-RA-KA Sn-Hb-KA
80
70
60
Jn Br
50—_th Pb [Sn
JCu [Pd
b S'Pl?h i Zn Rh
! il R
40_:‘. Clita Crfe Cu Pb Br Ru IPd sn
i
30
207
1
AL L SIS & B (SN Sl e
5 10 15 20 25 30 35
keV
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)

cps/eV
s RO - - HERE AP D-LBr-K A Sr-KA NEMG-KA  RhiRd-KavBd-KA Sn-KA Te-KRKA
Ru |Pd
Nb Rh Sn
L | |
LB I s S s S s S e S B S S S S S
15 20 25 30 35 40
ke

Figure 12 — X-ray fluorescence spectrum of sample for 10 for U=8 kV

(non-conductor material)
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The results shown in Table 2 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" values indicate that the quantity of certain elements is
below the detection limit of the analysis method used. This is due to the
low concentration of these elements in the samples.

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. In this context, the lines observed
are attributed to copper in samples 3, 5, 7 and 9 (Figures: 5, 7, 9 and 11),
while bromine is identified in samples 4, 6, 8 and 10 (Figures: 6, 8, 10 and
12).

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 samples
recovered from the DC electrostatic separation experiments are presented
in Table 2, covering samples 3 to 10.

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

Element [Voltage| Conductivity | Rh Fe Cu Zn Re Br Si P Pb
[kV] 0] | [%] | [%] | [%] | [%] | [%] |[%]| [%] | [%]

Sample 3 2 Conductor | <Lod | 13.26 | 57.36 | 6.56 | 0.29 | 19.32 |3.21| <Lod | <Lod

Non-
Sample 4 2 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

Non-
Sample 6 4 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

Non-
Sample 8 6 conductor | <Lod | 3.83 | 10.61 | 2.98 | <Lod | 80.02 [2.23| 0.38 | <Lod

Sample 9 8 Conductor | <Lod | 7.23 | 68.25 | 6.33 | <Lod | 14.85 |3.23| <Lod | 0.11

Non-
Sample 10| 8 conductor | <Lod | 2.95 | 9.91 | 2.03 | <Lod | 82.35 [2.33| <Lod | 0.43
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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 percentages of certain
conductive elements, notably copper (Cu) 68.25%, while for non-
conductors 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 elements in
the samples. This correlation between the applied voltage and the
composition of the samples 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
valuable 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.

Conclusion

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 elements.

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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Resumen:

Introduccién/objetivo: El objetivo de este estudio es demostrar la viabilidad
de la separacion electrostatica de mezclas de placas de circuitos impresos
(PCB) trituradas, en asociacion con el analisis de fluorescencia de rayos X,
y examinar simultdneamente 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 separacion electrostatica mediante un
transportador bifasico de ondas moviles con analisis de caracterizacion
mediante fluorescencia de rayos X para justificar la eficacia del proceso
estudiado.

Resultados: 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 separacion electrostatica, puede ser posible aumentar la
eficiencia y la eficacia del reciclaje de materiales valiosos de los desechos
electrénicos, reduciendo al mismo tiempo el impacto ambiental.

Conclusion: El andlisis XRF de las muestras revela composiciones
distintas. Las variaciones observadas son aln més marcadas si se
considera la influencia de los voltajes aplicados en el proceso de
separacion electrostatica.

Palabras claves: reciclaje, medio ambiente, residuos de aparatos
eléctricos y electrénicos; transportador bifasico de ondas mdviles;
fluorescencia de rayos X, alta tension.

MepepaboTka namenbyeHHbIx nevaTHbix nnat (M) ¢ nomoLsio
ABYyXda3sHbIX BOSTHOBbLIX KOHBENEPOB

axuHe3 MnmyHu

Yuusepcutet [xunnanu Jlnabec - Cugn-benb-Abbec, JlabopaTtopus
APELEC, r. Cuaun-benb-Ab6ec, Amkupckas HapogHasa [emokpaTtuyeckas
Pecny6nuka;

YHusepcuteT Moxamena ben Axvena a'OpaHa 2, IHCTUTYT TEXHUYECKOro
o6cnyxuBaHusa 1 NpoMbILLIEHHON 6e3onacHoOCTH,

r. OpaH, Amxupckast HapogHasi [lemokpaTtunyeckas Pecnybnuka

PYBPUKA TPHTW: 47.59.49 MevaTHble nnatbl. MevaTHble yanbl
BWO CTATbW: opurmHansHasa Hay4Has ctaTbs
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Pe3some:

BeedeHue/uenb: Llenis amoeo uccrnedosaHusi — npodemMoHcmpuposams
B803MOXHOCMb  35leKmMpocmamu4eckoll  cenapayuu  U3Mesib4eHHbIX
nedamusix nnam (1) e coyemaHuu ¢ peHmaeHo1yopecyeHmMHbIM
aHanu3oM a makxe udy4ume, Kak Ha aghgheKmueHoCmb 3mMo2o memoda
enusitom KonebaHusi U xapakmep rnumarouwezo HarnpsiKeHUsl.

Memodbi: [Ans nodmeepxdeHusi aghghekmusHocmu uccriedyemozo
rpoyecca ucrionb3yemcs Memod afiekmpocmamuyeckol cenapayuu ¢
nomouwpro  08yxghasHO20 B80/IHOBO20 KOHeeliepa C MOOBUXHLIM
MOMOKOM U  aHaniu3  xapakmepucmuK C  UCM0fIb308aHUEM
peHmeeHo8CKoU hriyopecyeHyuU.

Pesynbmamesi:  Pe3ynsmambl  0aHHO20  uccnedosaHusi —Mo2ym
ucrionb3oeambCsi  Ha  fpakmuke O ynAydweHus — rpouecca
nepepabomku 31eKMpPOHHbIX 0mMx0d08, OCOBEHHO ne4YamHbIX faam
(F1r1).  Onmumu3ayusi 8bICOKO20 HarpsKeHUs: U OHUMaHue eao
8/IUSHUSI  Ha  pPoyecc  arekmpocmamuyeckol  cenapauyuu
criocobcmeyrom agbgpekmusHocmu u pesyrnbmamusHocmu
rnepepabomKu UEHHbIX Mamepuasio8 U3 37eKMPOHHbIX 0MmMxo008,
00HOBPEMEHHO CHUXasi HeaamueHoe 8030elicmeue Ha OKPYXatoulyto
cpeoy.

Bbigodbl: PeHmaeHogbnyopecueHmHbIl aHanus obpa3syoe ebisgeur
pasnu4us 8 ux cocmaee. Habnrodaemble paznuyus cmaHO8sIMCS euje
bonee  3aMemHbIMU, €C/IU  y4ecmb  G/IUSIHUE  HarpsiKeHUs,
ucrnosb3yemMoe2o 8 rpouecce srekmpocmamu4eckol cenapayuu.

Knwouesble crosa: peyuknuHe, Okpyxarowasi cpeda, 0mxoobl
3/IEKMPUYECKO20 U 3MEKMPOHHO20 0bopydosaHusi, d8yxgha3Hbili
80s1HOB80U KOHselep, peHmeeHoIyopecueHyus, 8bICOKOE
HarnpsixeHue.

Peuunknupare ycutweHnx wramnarHmx nnoya (MLUB) nomohy
AsodhasHe TanacHe NokpeTHe Tpake

axuHe3 MnmyHu

Yuusepautet Kuanu Jlnabec”, Jlabopatopuja APELEC,

Cuau Ben Abec, HapoagHa [Jlemokpatcka PenyGnvka Amxup;

YHusepautet ,Moxamag beH Axmvag”, IHCTUTYT 3a oapxaBahe u
nHaycTpujcky 6e3benHoct, OpaH, HapogHa [emokpaTtcka Penybnvka Amxup

OBNACT: mawm1HCTBO, MaTepujann, XeMmjcke TexHornoruje
KATEITOPWUJA (TWUM) YITAHKA: opyruHanHu Hay4Hu pag
Caxemak:

Yeod/yure: Osa cmyduja uma 3a yurb Oa deMoHcmpupa u3eodrbusocm
eflekmpocmamuykoe odeajarba efleMeHama cMmewa Hacmasnux 00
yeumreHux wmamnaHux nnova (MUE), 3ajedHo ca peHdeeHcKkoMm
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¢brryopecueHmMHOM aHau3oM, Kkao U 0Oa ucruma Kako Ha egbukacHocm
08e Memode ymudy amriiumyda u npupoda HaroHa HarnajaHa.

Memode: Y mexHuuyu enekmpocmamu4ykoz od8ajarba Kopucmu ce
deohasHa  manacHa  rokpemHa  mpaka ca  PeHO2EHCKOM
¢brIyopOCUEHMHOM aHanu30M ¢ Uurbem 0a ce obpasfoxu eghukacHocm
npoyyasaHoa rpoueca.

Pesynmamu: Pesynmamu ose cmyduje moey bumu 3HavajHu 3a
rnobosbwar-e rpoueca peyukupara e/1eKmpoHCcKoe omnada, Hapoyumo
OHO2 Hacmarioz 00 wmamnaHux nnoda (MNLB). Onmumu3ayuja eucokoe
HarloHa U  pa3ymeear€  H€20802  ymuuaja Ha  [pouec
eflekmpocmamuykoe odeajatba Mo2y Oa rnoeehajy egbukacHocm u
eghekmusHOCM peyuknupara epedHUX Mamepujania U3 e/1eKMpPOHCKo2
omnada, y3 UCMOBPEMEHO CMarUBar-e ymuuyaja Ha XXU8oMmHyY CPeOUHY.

Sakrbyuak: PeHdzeHcKka cbriyopecyeHmHa aHanu3a y3opaka omkpuea
HUXo8e Kapakmepucmu4He cacmase. YodyeHe eapujayuje cy jowl
rpumMemHuje ako ce y3me y 063up ymuuaj HarloHa KkopuwheHoe y npouecy
eflekmpocmamuy4koe o08ajarba.

KrbyyHe pedqu: peyuknuparbe, xusomHa cpeduHa, onpema 3a
efIeKMPUYHU U erlekmpoHCcKU omnad, 0soghazHa marsacHa rokpemHa
mpaka, peHO2eHcka ¢hriyopecuyeHuyuja, 8UCOKU HarloH.
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