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Abstract 

          Metal matrix nanocomposites composed of Al-(20-x) wt.-% Al2O3 - (x) ZrO2, x=0, 

1, 2 & 4, were prepared by mechanical alloying technique. The powders’ mixture was 

milled in a planetary ball mill up to 7h. The effect of milling time on properties of 

obtained powders was studied by using X-ray diffraction analysis (XRD) and 

transmission electron microscopy (TEM) to investigate phase composition, crystal size 

and morphology of the milled powders. In order to study the sinterability, the milled 

nanocomposite powders were cold pressed and sintered in argon atmosphere at different 

firing temperatures i.e. 300, 370 and 470°C for 1h. Physical properties, namely, bulk 

density and apparent porosity of sintered bodies were determined by Archimedes method. 

Phase identification and microstructure of the sintered composites were investigated by 

using XRD and scanning electron microscope (SEM) as well as energy dispersive 

spectrometer (EDS). Microhardness of sintered composite was also examined using 

Vickers hardness indentor. The results were discussed in terms of the effect of milling 

time on the properties of the prepared powders and sintered composites. The results 

revealed that the grain size of milled powders was about 30 nm with a noticeable 

presence of agglomerates. Uniform distribution of nano-sized alumina-zirconia particles 

in the aluminum matrix could be achieved with increasing milling time. The density of 

the sintered composites was affected by milling time of starting powders and firing 

temperature. It increased with increasing milling time and firing temperature. 

Microhardness of sintered bodies was found to be progressively increased with increasing 

of milling time of starting powders.  
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1. Introduction 

Owing to low density, low melting point, high specific strength, high hardness, high-

specific elastic modulus and high thermal conductivity of aluminum, it has been used as 

engineering material in the aerospace, automobile industries, electric wires and sports 

machines [ D.B. Miracle, D.B et al 2005; Torralba, G.M et al 2003; Woo. K et al 

2007]. A wide variety of reinforcement particulates such as SiC, B4C, Al2O3, ZrO2, AlN, 

Si3N4, TiC, TiO2, TiB2 and graphite have been used to reinforce aluminum[Fogognolo, 

J.B et al 2003] . 

High energy ball milling is a simple and useful technique for attaining a 

homogeneous distribution of inert fine particles within a fine grained matrix [Prabhu, B 

et al 2006; Cullity, B.D et al 2001; Estrada-Guel, I et al 2009]. During ball milling, 

two essential processes occur, cold welding between the different particles and fracturing 

of cold welded particles due to high energy collision [Lu, L et al 1999]. The cold 

welding minimizes diffusion distance between atoms of different components. The 

fracturing of welded particles impedes the clustering of particles promoting transfer of 

high ball collision energy to all particles and produces new clean surfaces without the 

oxide layers accelerating diffusion [ Lu, L et al 1999; Gubicza, J et al 2004; 

Rosenberger, M.R et al 2005]. Reinforcing of ductile Al matrix with hard particles such 

as oxides provides a suitable combination of the properties of both phases which, in turn, 

results in an improvement of physical and mechanical properties of composites [ 

Fogognolo, J.B et al 2003; Zebarjad, S.M et al 2006; Suryanarayana, C et al 2013; ; 

Zebarjad, S.M et al 2007] . On the other hand, it has been shown that nano-crystalline 

matrices strengthened by nano-sized reinforcement are expected to have much better 

microstructural stabilities and performance than nano-crystalline materials [ Fogognolo, 

J.B et al 2003], because of the concurrence of strengthening by both grain boundary and 

nanoparticle reinforcements [[ Kaufman, J.G 2002; Khakbiz, M et al 2009; Liu, Y.Q 

et al 2009] . Uniform dispersion of fine reinforcements and a fine grain size of the matrix 

contribute to improve the mechanical properties of the composite [Khakbiz, M et al 

2009; Hassan, S.F et al 2008] .  The main goal of this work is to investigate the effect of 

milling time on the properties of Al - (20-x) wt.-% Al2O3 - (x) ZrO2, x=0, 1, 2 &4 

composite powders and sintered bodies. The effect of milling time on the crystallite size, 

lattice strain, relative density, apparent porosity, microhardness, and morphological 

properties was considered.  

 

2. Materials and Methods 

Firstly, a mixture of Al and Al2O3 powders with purities 99 & 98.2% and average 

particle sizes ≥74 & 2μm, respectively, were transferred into the milling machine (Desk-

top high energy planetary ball mill, type MTI SFM-1 (QM - 3SP2)) to prepare Al-20wt.-

%Al2O3 nanocomposite at different milling times (1,3,5 and 7h). Stearic acid was also 

taken as process controlling agent to prevent agglomeration of the powder mixtures 



during milling. The milling process conditions were: ZrO2 and Al2O3 balls with different 

diameters (6-20mm), 500 rpm rotating speed and 10:1 ball-to-powder weight ratio. 

Secondly, in order to examine the properties enhancement of Al-Al2O3 composite, 

different amounts of zirconia powder (1, 2 & 4 wt.-%, average particle size; 35 nm) was 

added on the starting mixture (Al - 20wt. % Al2O3 at the expanse of alumina and was 

milled for 7 h.  

For the milled powder, X-ray diffraction data was collected at ambient temperature 

in step scanning mode using a computerized controlled X-ray diffractometer (PAnalytical 

Empyrean, Netherlands) with Cu kα- radiation (λ kα= 1.5406 Å) operated at 30 mA and 

45 kV. The powder diffraction pattern was scanned in 2Ө range of 20-80° with scan step 

0.013 and counting time 20 s/step. The data obtained by XRD was used to calculate the 

crystallite size and lattice strain. Transmission electron microscope (TEM) type JEOL 

JEM-1230, operating at 120 kV and attached with a CCD camera, was employed to 

investigate the morphology and particle size of milled powders at different milling times. 

The composite powder was compacted into small compacts of desired size at room 

temperature. Specimen of 10 mm diameter and 4 mm height were compacted in a 

hardened steel pre-compaction die set using hydraulic compressor at 10 MPa. The 

compacted samples were sintered at different temperatures i.e. 300, 370 and 470
o
C, in 

argon atmosphere for one hour and heating rate 8
o
C/min.  

The relative density and apparent porosity of the sintered samples were determined 

by Archimedes method. Theoretical density of compacted samples was calculated using 

the simple rule of mixtures, considering the fully dense values of Al and Al2O3 are 8.96 

and 3.95 g/cm
3
, respectively. An optical imaging was performed for all samples in order 

to support the structural study. Optical microscope model OLYMPUS-BX51, equipped 

with digital DP12cam was used. Scanning electron microscope (SEM), attached with 

energy dispersive spectroscopy unit (EDX), model “Philips XL30” was also used to 

investigate the microstructure of sintered samples.  

The reinforcement behavior of sintered composites was estimated by microhardness 

measurement (Vickers hardness machine-model: Shimadzu corporation hardness tester) 

by applying 1.961N load for 10 sec. during measuring hardness. The hardness value of 

the investigated materials was measured as average of 5 readings along the cross section 

surface of the specimens. 

 

3. Results and Discussion 

3.1. Characterization of the prepared powders 

3.1.1 Phase composition of prepared powders  

XRD patterns of mechanically alloyed Al-20wt. % Al2O3 composite milled for 1, 3, 

5, and 7h are shown in Figure 1. The expected two phases Al and Al2O3 are obtained and 

compared with the data in cards (88-0826&03-0932) [18-19][ Youssef, K.M et al 2006; 

Liu, R.S et al 1997. With increasing milling time, the peaks tend to get broadened 



associated with weakens in their intensities. Similar results were reported for Al-Al2O3 

composite [ Moustafa, M.M et al 2013; Aboraia, M.S et al 2013]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: XRD patterns of mechanically alloyed Al-20wt.-% Al2O3 composites 

milled at 1, 3, 5, and 7h. 

 

  Fig. 2 shows full width at half maximum (FWHM) calculated from X-ray 

diffraction patterns for Al-20wt.-% Al2O3 powders. The broadening in peaks with 

increasing milling time is due to the severe lattice distortion and grain size refinement [ 

Rajkovic, V et al 2008; Lonnberg, B et al 1994] .  

Fig. 3 depicts crystallite size and lattice strain of milled powders calculated from 

XRD peak broadening, versus milling time. It is indicated that the crystal size (D) 

decreases with increasing milling time (t) according to the equation: D=Kt
−2

, where K is 

a constant [Tousi, S.S.R et al 2009; Suryanarayana, C 2001]. The reduction happened 

in Al crystal size and an elevated strain energy stored inside particles could be obtained 

because of the severe plastic deformation introduced during ball milling by hard Al2O3 

particles. It can be, in a part, attributed to hindering the dislocation movement by Orowan 

bowing mechanism, leading to an increase in the dislocation density thereby accelerating 

the crystal refining progress. Consequently, the lattice strain is found to be increased with 

increasing milling time (Fig.3). Similar results have been reported by many researches [ 

Tousi, S.S.R et al 2009; Zhou, F et al 2001; Zhou, U et al 2006; Hesabi, Z.R et al 

2006; Maurice, D et al 1995] . Oxidation of Al and formation of solid solution between 

metals and ceramics causes changes in the lattice parameters. 



 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Full width at half maximum (FWHM) of Al-20 wt. % Al2O3 versus 

milling time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Crystal size and lattice strain of Al-20 wt. % Al2O3 milled at different 

milling times. 

 



Fig.4 shows the relationship between lattice parameters calculated for the principle 

planes (h k l) i.e. 111, 200, 220 & 311, using obtained XRD data and milling time. The 

results obtained indicate that the lattice parameter remains constant with increasing 

milling time. This means that neither oxidation of Al nor formation of solid solution 

between Al and Al2O3 has been took place. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: XRD patterns of Al - (20-x) wt.-% Al2O3 - (x) ZrO2, x=0, 1, 2 & 4 

composites milled for 7 h. 

 

 

Fig. 5 shows XRD of Al-(20-x) wt.-% Al2O3 - (x) ZrO2 composites containing 1, 2 

and 4 wt.-% ZrO2. In case of addition 1 and 2 wt.-% zirconia, no new peaks beside Al 

and Al2O3 are observed, but when the percentage increased to 4wt.-%, small peak related 

to zirconia (101) is detected at 2θ = 30.27
o
, (X-ray card no. 88-1007) [ Francisco, A.T.G 

et al 2009; Zhao, Z et al 2005; Rao, P.G et al 2003] .  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: XRD patterns of Al - (20-x) wt.-% Al2O3 - (x) ZrO2, x=0, 1, 2 & 4 

composites milled for 7 h. 

 

 

 

 

Fig. 6 shows relationship between lattice strain & crystal size versus 

zirconia’s concentration. Decreasing in crystal size and increasing in lattice strain 

are indicated with increasing zirconia content. Beside the above mentioned reason, 

the decreasing in crystal size may be also related to the more hardened ZrO2 

particles embedded in Al-Al2O3 matrix which cases more plastic deformation.  

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Lattice strain and crystal size versus of Al - (20-x) wt.-% Al2O3 - (x) 

ZrO2, x=0, 1, 2 & 4 composites. 

 

3.1.2 Morphology of prepared powders 

In order to investigate the morphology and particle size of the composite powder, 

transmission electron microscopy (TEM) was used. Fig.7 shows TEM images of Al-

20wt. % Al2O3 composite powder milled for 1, 3, 5, and 7hrs. As regards particle size, it 

is evident from TEM images that it decreases with increasing of milling time. After 1 and 

3h milling, agglomerated alumina particles are extremely observed (Fig.7a & 7b). Such 

particles’ agglomeration could be removed by increasing milling time. After 5h milling 

(Fig.7c), alumina agglomerates are also observed but they are smaller and less than that 

obtained after 1 and 3h milling. After 7h milling, it seems like a few amounts of alumina 

particles welded with aluminum matrix (Fig.7d). It is well known that at the first stage of 

milling, the ductile particles undergo deformation (plastic deformation) while brittle 

particles undergo fragmentation. Then, when ductile particles start to weld, the brittle 

particles come between two or more ductile particles at the instant of ball collision. 

However, no evidence of particle coarsening could be obtained through TEM. The raw 

powder of aluminum and alumina become continually intermixed leading to a 

homogenous material with a uniform second phase dispersion, i.e. alumina. This is 

because planetary mill is a high-energy mill which operates under high velocity and the 



collision with milling balls enhances the powder refinement. During that, the powder 

particles are repeatedly deformed, cold welded and fractured by colliding balls. Fine and 

hard alumina particles are also act as milling agent, which help in reducing the powder[ 

Fogognolo, J.B et al 2003; Rajkovic, V et al 2008; Tousi, S.S.R et al 2009] . In this 

situation, with more fracturing occurred, a large amount of fresh particle surfaces was 

produced. It is noted that finer alumina particle is distributed more homogeneously in 

MA composite. This is because mechanically alloying breaks up and continually embeds 

the alumina particles into aluminum matrix by repeated fracturing and cold welding of 

the powder charge [ Hussain, Z et al 2008]. The average particle size increases until the 

welding process dominates the milling process, and oppositely decreases after the 

fracture process becomes dominant. By achieving the balance between fracture and 

welding processes, the particles are rather uniform and equiaxed (i.e. no new changes) [ 

Maurice, D et al 1995, Rajković, V et al 2004] . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: TEM micrographs of Al-20 wt.-% Al2O3 composites milled at, (a) 1h, 

(b) 3h, (c) 5h, and (d) 7 h. 

 



 

Fig. 8 shows TEM image of ZrO2 powder, it used to enhance the properties of Al-

Al2O3 composite matrix. the size of  ZrO2 about 35 nm with sphere-like shape. Such 

shape is likely to produce more force agent on the other particles (i.e. Al and Al2O3) and 

acting as milling balls in milling process and reaching by aluminum and alumina particles 

to smaller size in the whole mixture when added, specially 4 wt.-%  (Fig. 9c).  In fact, the 

more hardness the more behaving milling agent, the less hardness the less milling effect. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: TEM image of ZrO2 powder. 



Fig. 9: TEM micrographs of Al - (20-x) wt.-% Al2O3 - (x) ZrO2, x= 1, 2 & 4 

composites milled for 7h. 

 

3.2. Sintering of prepared nanocomposite powders 

3.2.1. Relative density and apparent porosity 

Fig. 10 shows the relative density and apparent porosity of Al-20wt.-% Al2O3 

nanocomposites sintered at different sintering temperatures i.e. 370, 400 and 470 ºC, for 1 

h in argon atmosphere. The relative density of sintered samples increases with increasing 

both milling time and sintering temperature. This is due to increasing of surface area and 

decreasing of particle sizes, reaching to nano scale, which associate with aluminum 

matrix and the reinforcement material “alumina” after milling for long time. In deeply 

interpretation, with increasing sintering temperature, the actions of complex diffusion 

mechanisms become more intense, directly affecting the formation of surface contacts 

between the particles forming closed pores and grain growth [ Zawrah, M.F et al 

2013; Korać, M et al  2007] , are the matter causes the relative density increasing 

tendency.  On the other hand, apparent porosity is found to be decreased with the 

increase in both milling time and sintering temperature (Fig.11). These results 

have been observed in many previous researches [ Hanumanth, G.S et al 1993] .  



 

 

 

 

 

 

 

 

 

 

 

 
Fig. 10: Relative density vs. milling time for Al-20 wt. % Al2O3 composites 

sintered at different temperatures 

 

 

 

 

 

 

 

Apparent porosity vs. milling time for Al-20 wt. % Al2O3 composites sintered 

at different temperatures. 

 

 



Fig. 12 depicts the relative density and apparent porosity of Al - (20-x) wt.-% Al2O3 

- (x) ZrO2 composites sintered at 470
o
C. It is indicated that the relative density increases 

with increasing ZrO2 content. Also, the relative density of the composite containing ZrO2 

is higher than that of the composite without zirconia (Fig. 11).  This is attributed to two 

factors; the first is the higher theoretical density of zirconia as compared to aluminum and 

alumina, while the second is the small size of zirconia which achieves more filling for the 

grain boundaries. Consequently, apparent porosity is found to be decreased from 27.5% 

to 23% with zirconia addition. Guimara˜es et al. have been recorded similar results for 

Al2O3-ZrO2 matrix [ Francisco, A.T.G et al 2009].   

 

 

 

 

Fig. 12: Relative density and apparent porosity of Al - (20-x) wt.-% Al2O3 - 

(x) ZrO2, x= 1, 2 & 4 composites milled for 7h and sintered at 

470
o
C. 

 

3.2.2. Microstructure of the sintered composites 

Fig.13 shows optical micrographs of Al-20wt.-% Al2O3 sintered in argon 

atmosphere at 470 ºC for 1 h and prepared from powders milled at 1, 3, 5 and 7 hrs. A 

homogeneous microstructure with uniform distribution of alumina in the aluminum 

matrix is detected. Its homogeneity is increased with increasing milling time of starting 



powders. The usage of mechanical alloying technique leads to obtain appreciable grain 

size reduction with increasing in milling time and less agglomerated regions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13: Optical micrographs for Al-20 wt. % Al2O3 composites sintered for 1 h 

at 470 ºC in argon and prepared from powers milled at 1,3,5 and 7h. 

 

For more details about the microstructure, SEM was conducted for Al-20 wt.-% 

Al2O3 prepared form powder milled for 7hrs and sintered in argon atmosphere at 470 ºC 

for 1h. Nearly homogeneous microstructure with good distribution of the reinforcement 

(alumina) is appeared in the image.  Some agglomerated particle with grain growth is 

also detected in a dense microstructure. The particle agglomeration may cause by 

reduction of distances between the composite particles. Energy dispersive spectroscopy 

(EDX) area analysis of Al-20 wt.-% Al2O3 composite prepared from powder milled for 

7h and sintered at 470 °C for 1 h is shown in Fig. 15. Form the figure, it is indicated that 

the weight percent of Al and O are 71.51 and 28.49, respectively, which are 

corresponding to aluminum and alumina.  

 

 



 

 

 

 

 

 

 

 

 

 

 

Fig. 14: SEM micrographs of Al-20 wt.-% Al2O3 composite sintered for 1 h at 

470°C prepared from powder milled for 7h. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15: EDAX of Al-20 wt.-% Al2O3 composite sintered for 1 h at 470°C 

prepared from powder milled for 7h. 

 

Fig.16 shows optical imaging of Al - (20-x) wt.-% Al2O3 - (x) ZrO2; x= 1, 2 & 4, 

prepared from powder milled for 7 hrs and sintered in argon atmosphere at 470
o
C for 1h. 



More fine and homogeneous microstructure is detected after addition of zirconia as 

compared that without zirconia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 16: Optical micrographs Al-(20-x)wt.-%Al2O3-(x)ZrO2, x=1, 2&4, 

composites sintered for 1 h at 470 ºC in argon and prepared from 

powers milled for 7h.  

 

 

Fig.17 show SEM micrograph of Al - (20-x) wt.-% Al2O3 - (x) ZrO2; x=4,  

composite prepared from powder milled for 7h and sintered at 470 °C for 1 h. It is 

indicated from the image that more compacted, homogeneous and dense microstructure 

without grain growth is obtained. The porosity is mostly disappeared in this 

microstructure as compared that without zirconia. EDAX analysis shown in Fig. 18 

indicates that the composite contains 71.98% Al, 24.79% O and 3.23% Zr.  



 

 

 

 

 

 

 

 

 

 

 

Fig. 17: SEM micrographs Al - (20-x) wt.-% Al2O3 - (x) ZrO2, x= 4, composite sintered 

for 1 h at 470 ºC in argon and prepared from powers milled at 7h.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 18: EDAX of Al - (20-x) wt.-% Al2O3 - (x) ZrO2, x= 4, composite 

sintered for 1 h at 470 ºC in argon and prepared from powers milled 

at 7h.  

 

 

 



3.2.3 Microhardness of sintered composites 

Fig.19 shows microhardness of Al-20 wt.-% Al2O3 prepared from powder milled 

for different milling times and sintered in argon atmosphere at 470 °C for 1 h. 

Microhardness of sintered composites increased with increasing milling time of starting 

powders [ Alizadeh, M et al 2011; Shehata, F et al 2009; Belhadjamida, A et al 1991; 

Hernández, J.L.R et al 2012]. This increase in microhardness is a consequence of fine 

Al2O3 particles dispersion in Al matrix-compacts; and also due to crystal size refinement 

of starting powders after milling which led to increasing the sinterability and lowering the 

porosity. Before milling, the particle distribution isn’t uniform and the distance between 

particles is so high, but increasing milling time causes break of big and brittle alumina 

powders, decreases the distance between particles and indent them into the ductile 

aluminum powders. This leads to increasing the sinterability and consequently the 

hardness of composites. The maximum value of microhardness of compacts processed 

after 7h milling and sintering at 470
o
C attains 979 MPa.  

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 

19: Microhardness of Al-20 wt.-% Al2O3 composites sintered for 1 h 

at 470°C prepared from powder versus milling time of starting 

powder. 

 

It is well known that the hardness of ZrO2 is higher than that of Al2O3 and also it 

improves the microstructure though fining of the grains and limiting the grain growth. 

This leads to improving the hardness of the composite [ Francisco, A.T.G et al 2009; 

Zhao, Z et al 2005; Liu, G.J et al 1998; Tuan, W.H et al 2002].  Fig.  20 shows 

microhardness of Al - (20-x) wt.-% Al2O3 - (x) ZrO2; x= 1, 2 & 4, sintered in argon 

atmosphere at 470 ºC for 1 h and prepared from powders milled for 7 hrs.  It is indicated 



that the value of hardness increases with increasing zirconia’s content reaching its 

maximum value with 4% zirconia (1070 MPa).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 20: Microhardness of Al - (20-x) wt.-% Al2O3 - (x) ZrO2, x=1, 2 & 4, 

composites sintered for 1 h at 470 ºC in argon and prepared from 

powers milled for 7h. 

 

4.Conclusion 

The following remarks are concluded: 

 Al - 20 wt.-% Al2O3  nanocomposites have been successfully fabricated using 

mechanical alloying at different milling time (1, 3, 5 up to 7 h), in planetary ball 

mill. Another series of Al - (20-x) wt.-% Al2O3 - (x) ZrO2; x= 1, 2 & 4 were 

fabricated after milling for 7h.  

 Crystal size was found to be decreased while the lattice strain was found to be 

increased with increasing milling time due to distortion effect caused by 

dislocation in the lattice. The lattice parameters were found to stay constant 

during milling. With increasing milling time, severe plastic deformation brings 

about a deformed lattice with high density of dislocations 



 Both morphology and particle size of nanocomposite powders were changed with 

increasing the milling time; the particle size has been decreased with increasing 

the time. 

 Relative density of sintered nanocomposites was increased with increasing both 

milling time of the starting powders and sintering temperature. While, apparent 

porosity was found to be decreased. 

 The hardness of sintered composites was affected by refining of grains and 

dispersion of Al2O3 and/or ZrO2 reinforcing particles in the composite with 

increasing milling time of starting powders. Microhardness of sintered bodies was 

found to be progressively increased with increasing of milling time of starting 

powders reaching 979 MPa in case of composite without ZrO2 and 1070 MPa for 

composite with 4% ZrO2. 
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 انًهخص ثبنهغخ انعشثيخ

   تحضير وتوصيف بعض المتراكبات من ُلحمة فلزية مدعمة بأكسيد االلومنيوم والزركنيوم

يحًىد فشج صوسح
1

احًذ خًبل انذيٍ يصطفً  ,
2

فشدوط احًذ ععذهللا,  
1

يحًذ يغشي حغبٌ  , 
2

                    

يحًذ عجذ انعضيض طه 
1

يحًىد َصش انذيٍ يحًذ , 
1

                                                     

 
  قغى اندىايذ خبيعخ األصهش 2,قغى انكيًيبءغيش انعضىيخ وقغى اندىايذ انًشكض انقىيي نهجحىث  .1

 

تى تحضيش يتشاكت َبَىيتشي يٍ نحًخ فهضيخ يذعًخ ثبكغيذ االنىيُيىو واكغيذ انضسكىَيىو ثطشيقخ انتحضيش 

تى دساعخ تأثيش صيٍ انطحٍ عهً خىاص انًغحىق انًحضش ثىاعطخ ًَىرج .  عبعبد٧انًيكبَيكً حتً صيٍ طحٍ 

حيىد االشعخ انغيُيخ وانًيكشوعكىة االنكتشوًَ انُبفز ورنك نهتأكذ يٍ انُغت انكيًيبئيخ نهًتشاكت انُبتح ووخىد اكثش 

تى ثعذ رنك كجظ انًغحىق انُبتح فً صىسح اقشاص واخضبعهب . يٍ طىس نهًبدح ودساعخ حدى انجههىساد واشكبنهب

. دسخخ  يئىيخ نًذح عبعخ فً وخىد غبص االسخى٤٧٠ٌو ٣٧٠ و ٣٠٠نحشاساد حشق عُذ 

. تى دساعخ انخىاص انفيضيبئيخ نهعيُبد يثم انكثبفخ انُغجيخ وانًغبييخ انظبهشيخ ثطشيقخ اسشًيذط

كًب تى عًم دساعخ ثبنًيكشوعكىة االنكتشوًَ انًبعح وتحهيم طيفً ثىاعطخ حيىد االشعخ انغيُيخ نهتأكذ يٍ َغت 

كًب تى عًم دساعخ نخبصيخ انصالثخ انًيكبَيكيخ نهًتشاكجبد ويٍ خالل انذساعخ وخذ اٌ قيًخ انصالثخ تضداد . انعُبصش

 ٧ َبَىييتش ثعذ صيٍ طحٍ 20ووخذ اٌ حدى انحجيجبد قذ وصم انً . ثبصديبد عبعبد انطحٍ وتى تفغيش انُتبئح

ووخذ اٌ تىصيع حجيجبد كال يٍ اكغيذ االنىيُيىو واكغيذ . عبعبد يع يالحظخ وخىد ثعض انتكتالد انحجيجيخ

كًب وخذ اٌ انكثبفخ انُغجيخ تضداد ايضب . انضسكىَيىو فً نحًخ االنىيُيىو يضيذ ثبَتظبو يع صيبدح عذد عبعبد انطحٍ

.     ثبصديبد عذد عبعبد انطحٍ وحشاسح انحشق

 

 

 

 

 

 

 

 


