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Abstract. An elastic contact model of a pad/disc system is developed which can give some explanations on 
self-excited vibration induced during continuous dry friction. Based on this model, it is possible to show that 

establishement and sustainability of self-excited vibration in disc brake system are linked to the interface 

properties as well as the physical properties of the disc brake components. It is shown using theoretical and 
experimental analysis that the regime of self-excited vibrations can be triggered  when  approaching  any of 

the modified resonant frequencies of either pad or disc system. These frequencies are dependant upon contact 

stiffness value during self-excitation regime. Experimental investigations have also shown that contact 
stiffness during sustained self-excitation may increase monotonically upto 35% of its initial value due to 

continuous wear and sliding. One of the main findings in this work, is that the resonance of any of the system 

frequencies is linked mainly to the established value of contact stiffness due to wear, load and speed. Also, 
for each self-excited regime, there is a limiting frequency after which the self-excited regime either sustains 

at this frequency or change to another regime. Sudden changing of load or speed at this limiting frequency 

may cause the transition from one regime of self-excitation to another. 

Keywords: self-excited vibration, squeal noise, frequency response, contact stiffness, friction pad, disc 

brake 

 

 
List of Symbols 

A apparent area of contact 

A',B',C',D' arbitrary constants 

a, b disc outer and inner radii 

cd, cp damping coefficients in disc and pad systems, respectively 

d separation between surfaces of pad and disc 

Ed,Ep Young’s modulus of the disc and pad, respectively 

E effective modulus of elasticity (N/m2) 
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fli limiting frequency at mode i 

fsi modified frequency of flexural mode i 

Gpp pad receptance (displacment at pad contact point with disc due to a force at this point on the pad) 

Gpd pad receptance (displacment at pad contact point with disc due to a force at this point on the disc) 

h non-dimensional separation (d/) 

Hd disc receptance 

Hp pad receptance 

Ki normal stiffness of a single asperity 

Ke effective normal contact stiffness of pad/disc assembly 

kp pad spring stiffness 

m mass per unit area of the plate 

mp mass of pad 

n number of contacts 

s normalized coordinate (height/) 

t disc thickness 

W normal load (N) 

 effective radius of asperities 

 density of asperities per unit area 

standard deviation of height distribution of asperities 

*(s) height distribution of asperities scaled to make its standard deviation unity 

 disc rotational speed 

 excitation angular frequency 

 dimensionless radius 



 

 

 

 

Self-excited vibration arising from tribology … 53 

 
1. Introduction 

The determination of the contribution of brake components in squeal generation has 

been of a great concern since its early appearance in last decades to suppress or 

eliminate brake noise [1-4]. Many independent studies have been provided by 

dynamicists [5-11] and tribologists [12-16] to determine the system behavior and the 

mechanism of self-excitation. Besides, considerable efforts have been directed to 

explain different friction models [17-21]. In experimental observations, many 

researchers have noticed that many squeal frequencies typically line up with one or 

more disc modal frequencies [22,23]. Self–excited vibration has been studied in the 

direction of surface properties relationship to the emmitted noise [24-28]. It is 

belived that the elastic properties of contacting surfaces play a major role in 

establishing system's self-excitation. Sensitivity to variations in contact parameters 

has also been considered [28-36] in order to determine how many modes of the disc 

/brake system are needed to fully predict system behavior over a limited frequency 

range.The present work shows that system unstable modes are represented by 

modified disc and pad resonances by the virtue of contact stiffness. This contact 

stiffness couples the pad/disc elements. The term contact stiffness is mentioned in 

many papers [37-38] and explained in detail in reference [39]. 

 

2. Simplified mathematical model of pad/disc system 

Consider that both the pad and the disc are brought into flat contact at n spots 

(contact asperities) as shown in Fig. (1), under the following assumptions: 

1. All asperity summits are identical. 

2. Every two encountered asperities are modeled by a linear elastic spring of 

stiffnes Ki in normal direction of contact. 

3. Disc and the pad are connected through a set of linear springs Ki 

(i=1,2,…,n), to form the pad/disc system as shown in Fig. (2). 

4. All contact asperities can be represented by an equivalent spring stiffness 

Ke where: 
 

 

Ke =  Ki 

i=1 

 

(1) 

n 



F 

Pad 

Rough pad surface 

Smooth disc surface 

Disc 
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Fig. (1). Pad/disc assembly 

 

 

 

 

Fig. (2). Contact Model of Friction Pad With Disc 

 

 

An expression for the total normal static contact stiffness Ke of two nominally 

flat surfaces has been given for the first time by Thomas and Sayles [36]. Detailed 

parameteric study of contact stiffness of nominally flat surfaces is given in [37, 39]. 

For simplicity, the component displacements at contact interface are 

considered in one direction and at one point. Applying a virtual force F to coordinate 

Xp, see Fig. (3), the displacement at the two coordinates in the unassembled model in 

Fig. (4) can be written as: 



p d 

H 
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xp = HP f p , xd = Hd fd (2) 

Where xp , xd are the pad and disc displacements at contact point, 

respectively. Hp and Hd are the receptances of the pad and disc before assembly. 

The equilibrium condition for the components is given as: 

F = f + f 
or 

f p = F − fd 
(3) 

The compatibility conditions can be written as: 

fd = ke( xp − xd ) (4) 
 

 

Fig. (3). Simple mathematical model of disc/pad 

assembly. 

 

 
 

 
Fig. (4). Unassembled disc/pad system. 

 

Substituting Eqns. (2) and (3) into (4), it results: 

f   =  xd    = 

H + H 1 

−1 
+ H F 

 
 

 

(5) 
d  d 

d  
p  p 

k
e  

The transfer receptance (i.e. displacement xd at contact point with the disc 

due to virtual force F at the pad) is given from (5) as: 

G (  ) = xd = H 

H  

+ H + 1 
−1 

H 
 

 

pd 
F

 d  p 

 
d  p 

k
e  

In a similar way, the substitution of (5) into (3) gives: 



p 

p 

k 

k 

id 

 
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f = 
x

p
   = 1 − H + H 1 

−1  
+ H F 
 

  d p  
p   e   

(6) 

So, the point receptance (i.e. displacement xp at contact point with the pad 

due to virtual force F at the same point) is: 

 
G (  ) = 

x
p 
= H 

 
 

  1 − H + H 1 
−1  

+ H  
 

 

pp 
F

  d p  

  e   
(7) 

If the pad is represented by a spring-mass-damper system, then its receptance 

is given as: 

H p = 
p 

 
− mp 

1 

 2 + j c 

 
(8) 

The disc response can be written as [40]: 
n 0 Zi ( 0 )Zi (  ) 

 
Hd  =  

i=1 
2 
−  2 

+ j cd )ma Nii 

(9) 

4 

 2   =    i  

Where  ̀
id 

ma4 

Zi ( ) = AJ0 ( i ) + BY0 ( i ) + CI0 ( i ) + DK0 ( i ) 

1 

Nii  =  Zi ( i )Zi ( i )d 
0 

Where J0(i) is Bessel function of the 1st kind, integral order 0 

Y0(i) is Bessel function of the 2st kind, integral order 0 

I0(i) is Modified Bessel function of the 1st kind, integral order 0 

K0(i) is Modified Bessel function of the 2st kind, integral order 0 

Equations   (6)   or   (7)   present   a   simple   form  of  the tribology-dynamic 

interacrtion in terms of the contact stiffness and response of pad/disc system 

components. However, it is not simple to depict this interaction because the solution 

of either equation is not straightforward. Separation of real and imaginary parts of 

the receptance G() in either equation enables the analysis of the contribution of 

contact stiffness and system parameters on system receptance. The solution of Eq. 

(9) and then (7) or (8) can be simply obtained using the finite element appraoch. 

p 

(  

H 
p 

k p 
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3. Numerical Analysis 

FEM is used to obtain the receptances Hd of fixed-free disc and Hp of simply 

supported friction pad. Using these results it will possible to get the receptance of 

the combined system (Pad/disc). A FEM representation for the pad/disc assembly is 

shown in Fig. (5). The model was built using the solid modeling. Two volumes had 

been created, the first one is an annular disc and the second is the pad sector. No 

asymmetric analysis is considered in this modeling. The model of the Grey Cast Iron 

disc (Ed=2.1x1011N/m2, ρd=7860kg/m3) with inner radius b=75 mm, outer radius 

a=150 mm and thickness t=9mm, contains 2304 nodes and 1080 elements. The disc 

is modeled as completely fixed from the neck while its outer edge is free. The model 

of the pad sector (Ep=109 N/m2, ρp=650 kg/m3) with inner radius=105 mm and outer 

radius=145 mm, sector angle=50˚ and thickness b=15mm, contains 198 nodes and 

80 elements. The pad is modeled as it is pivoted from its back by a set of linear 

springs. The springs are fixed from the other ends in the three directions. Each node 

of the pad –in the side facing the disc- is connected to its corresponding disc-node 

by a contact spring. 

A 3-D point-to-surface contact element is used. The element is a five node 

element and has three linear degrees of freedom. Each set contains 7920 elements. 

The set of the elements that support the pad to the fixed support has total stiffness of 

5x104 N/m while the stiffness of the contact set between the pad and the disc is 

varying from 105 N/m to 109 N/m in a parametric study fashion. Four  flexural 

modes (diametric modes) of this model are shown in Fig. (6) with their frequencies 

at Ke=10 MN/m. 

Fig. (5). FEM of pad/disc assembly 
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Fig. (6). Disc flexural modes (Ke=10MN/m) 

 

Using this model, it is possible to show the effect of coupling between pad and 

disc surfaces due to contact stiffness Ke. Beside, the analysis provides the system 

resonance frequencies fsi as well as disc natural frequencies fid. Using these data it is 

possible to make a parametric study of the effect of contact stiffness and physical 

characteristics of the pad/disc assembly on the system receptance using Eq. (6). 

The disc receptance Hd is shown in Fig. (7), while the system response Gpp at 

different values of contact stiffness is given in Fig. (8). It is observed that the 

frequencies of flexural (diametric) modes monotonically increase with the contact 

stiffness Ke while the frequencies of other modes (e.g. extensional, torsional modes,..) 

do not change much with contact stiffness. The system response (receptance Gpp) 

within the range of two extreme values of contact stiffness (70-100 MN/m) at the 

point of contact, shows an expected slight shift of the frequencies of flexural modes. 

For example, flexural modes increased from 1643, 2150 and 2673Hz at Ke=70 MN/m 

to 1678, 2285 and 2778Hz at Ke=100 MN/m. On the other hand, the last two 

freqencies (6150 Hz and 7200 Hz) are significantly affected by the increase of Ke. 

These two frequencies represent the translational modes of the pad as a mass-spring 

system coupled with the mass of the disc by contact stiffness Ke. 
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Fig. (7). Receptance Hd  of fixed-free disc. 

 
 

Fig. (8). Receptance Gpp of pad/disk system 

 

 

With the increase of contact stiffness, all the system flexural frequencies 

approach constant values sooner or later (frequency limit) according to their order 

(Fig. (9)), while the higher translational frequency keeps increasing and the lower 

one approaches a constant value with the increase in the contact stiffness. For 

example, the limiting frequencies for flexural modes fs1 , fs3 and fs2 from Fig. (9) are 

fl1= 1678, fl2=2400 and fl3= 2900 Hz. This means that these three flexural 

frequencies stop increasing beyond correspondant values of contact stiffness Ke=80, 

120 and 150 MN/m, respectively. 



 

 

 

 

 
60 H. A. Sherif and Abdelraheim, A.E. 

 
 

Fig. (9). Variation of frequency of flexural modes fs1, fs2, fs3 with contact stiffness 

 

 

4. Experimental measurements 

To investigate the effect of contact stiffness on the system dynamic response as well 

as the self-excited modes, two main experiments are conducted. The first one is a 

shock test where the effect of contact stiffness on system response is investigated at 

different applied normal load and no sliding speed. The second test depicts the 

system response during self-excited regimes at different applied loads and speeds. In 

the two cases, the measurement of disc response is needed to recognize the effect of 

contact on its modal frequencies. 

The adopted model of pad/disc system (Fig. (10)) consists of a cubic friction 

pad in contact with a plexiglass disc with inner radius 50 mm, outer radius 150 mm 

and thickness 20 mm. The pad dimensions is selected to fulfill a model of rigid body 

in contact with an elastic disc. The disc is rotated by a variable speed motor with 

speed range from 0 to 200 rpm. The normal load acted on the back plate of the 

friction pad through a steel ball, is produced by dead weight on a pulley  rope 

system. The pad is supported from one side by an elastic leaf spring resisting its 

motion in tangential direction of contact with the disc to form a mass-spring model. 

The pad and its back plate are mounted in an antifriction slider to enable the 

horizontal and vertical adjustment of the contact position with the disc and to ensure 

the pad/disc flat contact even if there is a disc runout. Low range of disc speed (up  

to 60 rpm) is used to eliminate the effect of disc rotation on its resonance 

frequencies and to avoid the temperature rise due to friction. 
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Fig. (10). Experimental model 

 
4.1 Measurement of disc frequency response 

Impact hammer with a force transducer mounted on its tip is used to measure 
the accelerance (acceleration/force) of the clamped-free disc. The very light 
piezoelectric accelerometer (0.7 gm) having frequency range up to 20 kHz is fixed 
on the surface of the disc mounted in the test stand as shown in Fig. (11). The slight 
lateral hammering of the disc is made at different points laying on the contact circle 

of the pad location with the disc (at a line making 90, 60 and 45 with the 
diammetral passing through the point of fixation of the accelerometer) to extract all 
possible frequencies of lateral vibration of the disc. Zoom measurement is used for 
achieving greater frequency resolution in the determination of the resonance 
frequency for each mode. 

 
 

Fig. (11). Measurement of disc and system (pad/disc) receptance 
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For example, Fig. (12) shows the frequency response curves of the disc when 

it is hammered at point of intersection of the contact circle with a line making 60 
with the diammetral passing through the point of fixation of the accelerometer. 
According to these measurement, the resonance frequencies of the disc flexural 
modes are 550, 880, 3500, 5170, 7100, 9320, and 11890 Hz. 

 

Fig. (12). Sample of zoomed measured disc receptance (flexural modes) 

 
4.2 Investigation of tribology-dynamic interaction in pad/disc assembly 

To show the effect of contact stiffness on the system response, a series of 
receptance shock tests are conducted under different applied normal loads. These 
tests show the effect of contact stiffness on system response without relative motion 
between contact surfaces. A cubic friction pad (type F-153 Valeo) with rough intact 
surface is brought into contact with the smooth surface of a plexiglass disc. 
Plexiglass disc is used to easily get to the surface conditions for a self-excited 
pad/disc combination. Using a plexiglass disc makes it easy to establish self- 
excitation under relatively medium operating conditions. Under such surface 
conditions and according to the analysis developed in [27,28], the normal contact 
stiffness value is expected to be very low. 

The very light accelerometer is fixed on the back of the disc surface. The 

system frequency response is obtained using the impact hammering (shock technique) 

of the non-rotating disc in a direction normal to its surface at position paralell to its 

contact with the pad. Fig. (13) shows the frequency spectra of the static system within 

a range from 0 to 13 kHz at different applied normal load for a cubic friction pad 

(25x25x10 mm) having square area of contact = 6.25 cm2. As a matter of fact, there 

are many flexural frequencies in Fig. (13) which are modified with normal load. To 

investigate the tribology-dynamic interaction within this range of frequency, it is better 
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to focus only on the two flexural modes with frequencies fs1 and fs2 that are clearly 

affected by the increase of normal load. However, to identify the flexural mode, one 

must use the disc response curve. Inspection of these two responses revealed that 

flexural disc modes 5170 Hz and 7100 Hz are modified by the virtue of contact 

stiffness at W=20 N to modes at 5700 Hz and 8690 Hz , respectively. The shifting of 

these frequencies with the applied normal load can be seen from the set of displayed 

curves in Fig. (13) where the flexural modes fs1 and fs2 are shifted from 5700 and 8690 

Hz at W=20 N to 6100 Hz and 8960Hz at W=100 N, respectively. 

Fig. (13). Effect of applied normal load W on the pad/disc system response with zero relative 

velocity (contact area A=6.25 cm2). 
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4.3 Estimation of contact stiffness value from measured system response 

The calculations of contact stiffness from the measured responses in Fig. (13) 

require the substitution of modal parameters (frequencies, modal masses, modal 

damping) from the measured response of the fixed-free disc into Eq.(6) with 

assumed values of Ke that may lead to a complete matching between both measured 

and reconstructed responses. Fig. (14) gives an example for such reconstruction to 

demonstrate the modification of disc modes by contact with the pad. 

The set of response curves reconstructed from response data (e.g. Fig. 13) 

and Fig. (14) using Eq. (6) are plotted with a suitable magnification in Fig. (15) to 

show relation between applied load W, contact stiffness Ke and frequencies of 

flexural modes fs1 and fs2. 

Fig. (14). Reconstructed receptances of pad/disc system from experimental data 

 
 

Fig. (15). Estimated contact stiffness from reconstructed system response at different normal loads 

(A=6.25 cm2) 
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5. Parametric analysis 

To show the effect of contact area on contact stiffness, another cubic friction pad 

(32x32x10 mm) with contact area=10.24 cm2 is used in the above testing under the 

same conditions. When repeating the experiment with this pad, a similar trend of 

system response with the normal load has been obtained as shown in Fig. (16). The 

two investigated frequencies fs1 and fs2 increase with the applied normal load from 

5250 and 8550 Hz at W=10 N to 5880 and 8850Hz at W=100 N, respectively. 

 

Fig. (16). Effect of applied normal load W on the pad/disc system response with zero relative 

velocity (contact area A=10.24 cm2). 
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Fig. (17) shows the variation of the estimated contact stiffness with normal 

load for the two different areas of contact using Eq.(6). 

 

Fig. (17). Effect of contact area on the estimated contact stiffness (=0) 

 
To show the effect of contact stiffness on the establishment and sustainability 

of system self-excitation, both system vibration and noise level are measured. The 

light accelerometer is mounted on the back of the friction pad in normal direction of 

contact with the disc to measure the system frequency spectrum when self-excited 

vibration (squeal) is generated. A microphone is fixed in front of the disc and in 

normal direction to its surface at a distance of about 10 cm to measure the sound 

pressure level of squeal noise. Output signals from the accelerometer and the 

microphone are entered into the FFT analyzer input terminals in order to check the 

coincidence of the two measured spectra. The squeal frequency spectra are recorded 

when the disc is rotating at different speeds and normal loads. 

At the moment of squeal triggering, one of the investigated instantaneous 

self-excited system frequency fs is 7904 Hz. This frequency increases from 7904 Hz 

at normal load W=50 N to 8352 Hz at W=80 N as shown in Fig. (18). This variation 

corresponds to a change of contact stiffness from 2.5 MN/m at 7904Hz to 4.2  

MN/m at 8352Hz. The established unstable mode can be changed by either changing 

the applied load or the rubbing speed. When repeating the same experiment later at 

the same speed, the self-excited squeal triggered at normal load W=80N with 

another lower frequency of 4688 Hz. 
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Fig. (18). Effect of applied normal load on the self-excited squeal frequency (=45 rpm) 

 
According to Eq.(6), the resonance of any of the system frequency is linked 

mainly to the created value of contact stiffness by wear, load and speed. This can be 
explained using Fig. (19) as follows: any of self-excited vibration modes (point a, 
b,c..) can be triggered at contact stiffness K* depending on the input excitation 
frequency which is function of the applied normal force, speed and interface 
properties. The frequency of self-excited vibration fs1 at point a will move in the 
direction aa' due to the increase of contact stiffness K*. 

 

Fig. (19). Variation of squeal and limiting frequencies with load and normal stiffness at all system 

flexural modes 



 

 

 

 

 
68 H. A. Sherif and Abdelraheim, A.E. 

 

This increase in K* is related to the increase of load W or the variation of 

interface properties. If fs1 reached the limiting frequency fl1 (i.e. point a moved to  

a'), there are two probable situations; the first one is that squeal with frequency fl1 

sustains, the second one is that squeal at another system mode triggers (i.e. point a' 

moves to b' or c'' or…). Establishment of squeal means that points a, b, c… do not 

move and K* keeps its value to the next occurrence of wear of sliding surface to 

create another value K**. Similarly, frequency attained at b' can move in the 

direction bb' until reaching limiting frequency fl2 and squeal either sustains at point 

b' or triggers at another frequency c''. All other system modes follow the same 

previous mechanism. 

To determine the effect of load and speed on the limiting frequency at this 

mode, the variation of squeal frequencies due to continuous rubbing under different 

operating conditions at the 5th modified disc frequency (7100 Hz) has been 

investigated as shown in Fig. (20). In this investigation, the measured squeal 

frequencies are recorded within load range from 20 to 80 N with step 20 N at three 

different rotating speed  = 10, 20, 50 rpm . These results depict the trend of 

variation of squeal frequencies-by the virtue of contact stiffness variation with the 

normal load at different relative velocities. According to these curves, one can 

simply deduce that the values of the  limiting frequency fl at each speed 10,20 and 

50 rpm are 9300, 9170 and 9100 Hz, respectively. By substituting the frequency data 

from this investigation into Eq(6), it is possible to plot the relation between applied 

normal load and contact stiffness at different sliding speed as shown in Fig. (21). 

 

Fig. (20). Variation of the established squeal frequency due to continuous sliding at different 

operating conditions 
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Fig. (21). Variation of the estimated contact stiffness with operating conditions 

 
After a relatively long time of continuous rubbing (about 3-4 min.) under 

constant load and speed between pad and disc surfaces, self-excited squeal changes 

its frequency within a relatively wide band which depends on the development of  

the contact stiffness by wear only. Squeal is averaged within this period of time to 

show the change of squeal frequency from 10.496 kHz to 11.296 kHz as shown in 

Fig. (22). This change corresponds to an increase of contact stiffness from 6.4 

MN/m to 8.63 MN/m. At higher flexural modes, this band width increases as shown 

in Fig. (23) where the squeal frequency is firstly established at 12.16 kHz and 

continued to increase to 13.16kHz during about 3 minutes of continuous sliding 

friction (band width=1kHz) . The band width may be shorter or wider depending on 

these applied operating conditions. 

 

Fig. (22). Change of squeal frequency due to continuous wear and rubbing (W=80 N) 
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Fig. (23). Change of squeal frequency due to continuous wear and rubbing (W=120 N) 

 

6. Conclusions 

A mathematical model for describing the tribology-dynamic interaction in pad/disc 

system as a function of contact stiffness and system response is thoroughly 

explained. The developed model enables the estimation of contact stiffness from the 

measured response of pad/disc system. Theoretical and experimental investigations 

revealed the effect of contact stiffness on the modification of both disc and pad 

frequencies in terms of applied normal load and sliding speed. Using the 

experimental model, it was possible to show the direct dependance of contact 

stiffness on the normal load as general theory states [29,31]. According to the 

developed model, self excitation of pad/disc system can be established at any of the 

system flexural frequencies due to the variation of contact stiffness with dynamic 

operating conditions (load and speed). When the excitation frequency approaches 

any of pad/disc system modified frequencies (i.e. disc modal frequencies modified 

by contact stiffness), self-excited vibration with the corresponding frequency is 

triggered. This frequency never coincides with either disc or pad vibrational 

frequencies due to presence of contact stiffness. In other words, different squeal 

regimes occur at frequencies close but not coincident to the resonant frequencies of 

either pad or disc due to contact stiffness variation. Unstable vibration sustainability 

depends on the persistence of the value of contact stiffness. Continuous rubbing of 

contact surfaces modifies contact stiffness value which may in turn lead to the 

variation of the frequency of self-excited vibration. The increase in contact stiffness 

due to wear and continuous rubbing is about 35% of its initial established value 

which correspond to an increase of squeal frequency by about 8%. Also, the relative 

sliding speed may change the squeal frequency due to wear of contacting surfaces 

which cause the variation of contact stiffness. 
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 (م  1122/5/21  يف  لنش  ل  ل بق و  م؛   1121/1/12  يف  لنش  ل  مدق )

 
 صرلقا  مع لحتكاك اا  يرثتأ  حتت  لواقعةا  ل رامفال  ةشوح  نظامل  نرم  جذمنو  ثحلبا  اذه  مدقي  

 ةارثتسامل تازازتهالا  ةراهظ ول ح تاريسفتال ضعب يطعي دق جذوملنا اذه .صر لقا تاذ ل راملفا يف راودال

 داامتعوإ .رمتسامل جلافا كلحتكااا نع جةمالنا ةيتاذال
 
 ةأشن نا يحضتو نميك هفإن ،جذوملنا اذه ىلع ً

 نع لاضف  س لما لتا حطأس صئ اصخ ىلإ طرتبم ل راملفا نظام يف ةيتاذال ةارثتسلم ا تازاز تهالا رارمستاو

 ة ي تا ذ ال   ة ار ث تسلم ا  تازازتهالا  أن  يبيرجتوال  ي رظ لنا  ليلحلتا  رهظأ  دق و  .ل راملفا  ظومةنم  تكونامل  ةيئيازيفال  صئ اصاخل

  البة ص بب س ب ا هرتويح مت ليتاو صرلقا وأ ل مارلفا ةشوحب ة صاخلا ن   نرال تادد رت نم  دهادرت بقرتي ام دنع قلطنت

 ن م  ٪  25ىلا  ل صت  ةبسنب  ديزت  صالبةال  هذه  أن  اضيأ  ةيبيرج لتا  ةظحلاامل  ترهظأ  دق و   .س لما لتا

 .رمتسامل  قزالنالا و  ل التآك  ببسب  ذلكو  ةيتاذال  ة ارثتسامل  تازازتهالا  ثودح  ء اثنأ  ةيولألا  هقيمت

 طامرتب بحصأ نظامال تادد رت نم يأل ن   نرال ثودح نأ وه ، ثحبال اذه يف ةيسن   رال جئ نتاال نم ةدحاو 
 

 يفً 

 قزالنالا ترعاوس حال مالا يرثتأ حتت رمتسامل ل كآلتا ةيلمع ببسب ورح تت ليتا س لما تال البةص قيمةب سلساأا

 ذاتيا ةارثتسامل تازازتهالا تاددلرت دودح كهنا نأ ثحلبا رهظأ ،اضيأ .لفةتخامل
 

 تازازتهالا أن ام إ بعدها  ليتاوً 

   ي دؤي   دق و   .تيةاذال   ةارثتسامل ت ازازتهالا هذه نم رخآ نوع ىلا ل قتنت أن وأ ةرمتسم نتكو ةيتاذال ةارثتس امل

 تازازتهالا   دد رت   ع ضو   غريتل   ق زالنالا   عةرسل   وأ   ل م  ح تلل   ملفاج   ا   يريغتال

 .خر آ  تاز ازتها  نظام  ىلا  اهلتوح و  ةيتاذال  ة ارثتسامل
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àı¿א➢ אzœi 

Wyœ ãı¿א LgıQus ½rא ãşmşs.rא uaL¿ א و   ،nmLL9م  אımو ãşmzsg9م  אı2rא uLaau çşQ ¼ Lgş,Lzو ã2aLç3 אz א د  ya ½iTLşrج  אLssş .us çş ãı¿א ➢zgs 

nmLLא ãmzsœ ● 

nmLL9م  אım ●   

uLa9ı2zא Lşç9›9szz ● 

uLa9ı2zא @az ●  

ãşmLmáא ãşmzsg9م  אı2›א ● 

ãşsLş.gz›א ãmzsgא ● 

ãşzzzא ãmzsgא ● 

ãşzşzLzşzא ãmzsgא ● 

ãşsLşQşz›א ãmzsgא ● 

ل و  yş› א و  yşz2s›א ãmzsœ ● 

 

 

 

 

 
Wàı¿א àzr 

Kãşyşı÷aא ãzıRLş u92şrא ãı¿3 אŞÃs 

W.usır àı¿א ıøışãs ½rدא א QZא E i 

KEãı¿ع א.AF 9au لLa ¼ ãA.2QIr ً אzşzş aşaş E½âr9zو אsF ar9QIr 3Şαs 3QM 9œو Wu2şrא  J١ 

KòyşQSzא ãşQI2r3 אSLm.r אو  ½2a نא zşa ¼ Lœ.us Qşm ½rא Lœ9ñو nszr אو  u92şır yışı2sr אو  yzãsr2.ض אrل و א Lsssو Wãş2ş.zא ãRLãzא  J٢ 

KL ًً şsãs L ًً ãşşas y9ñ òyaÃ ãrLãa WE½ãs Qşı2sF òyaãrא ãrLãzא  

J٣ K عא yzaא uא,א.şو òyşQSzא ãşQI2rא uא,Lzsşaא  

J٤ 

Kyiş ,אyÃو אs yQIm ys, وs ò.zA ض.m لو Lsssو Wuym א.zא  J٥ 

nszrא u אد Lãssא  J٦ 

W.usrطو א .u Eç 

Kç9ımãא ò9دşو ãzırא ã2αو oL÷aא ãaymو ãşQI2rא ãşşgsz אو  ,Lzsşa אو  ãRLαãLş L ًً QMSa u2şr9ن אzş نs  J١ 

Kç.zs ãgç .usır مzÃ وs o.us Qşm zÃ u2şr9ن אzş a نs  J٢ 

K@şz2sır ã2αLz ãı¿א ¼ .usır ãazãzא u92şrא çşQ  J٣ 

W.usrא uıQşı2s Eج 

Wysãط אyuş .usır u2şrא @şzãs zsm 

Kuymא.Qır ys وyzraنא א 9s2rא aşA ,α9şو ،aiş .usş L ًً şıa uTLşrم  אzãş نs  J١ 

K.ş.2srא ,şs, ya yşLsm ن ذ iş aş ç.zs ãm9şaa ys ¼ ãı¿א uLşs .us ò دLmş 9زu a  J٢ 

ã..şş.2rא ½szırL..ş 9..zıa 2rz..mو ،uy..m א.zא ò...ãA ¼ ,9mz..zא y..sوyzraنא  א 9..s2rא ...ım y..sوyzraא z..şyrא Q..ş.a y..m ã..şyşı÷aא ã..zırLş a..iş u..TLşr3 א..m.ş  J٣ 

KãQım ٠٢٠  ym asLQım zşys a uşş ãşyşı÷a א و  

K.amã ãALma ».s ça ،yz وş aas½ א ãşLsm ¼ fon א t  12  T imes  N ew  Ro ma n  مzzsmşو ( M icro so ft  word )  ¿aLs.ş مא zzsmLş u2şr  nszş   J٤ א

KA4  @şT ã2âα ٢٠  ym لوא zç אو  uLa9m.rא yaLu u2şrא uL2âα دzm zşyş as nu  J٥ 

Kãıãsma çوãא ã2âarא .ım Lgş 3Q2ş ½rא ãgç אو  yQI2rא aşãrو as9אsmو uTLşrא @m אو  u2şrنא א 9sm nszş نs  J٦ 

KLgıâms ã2âα 3M ya9אœ çα9s  J٧ 

Ku2şrא .ziş Q2ış س.gA ¼ ñşisو Lœ.m3 ذMIms nMT مLÃ,ãLş yz3 אZ אد   çşא.zא çş ,Luş  J٨ 

½2ş..a ½.m9Ã 3.z אد   aQÃ, .mzş çş.zא szşşA çşא.zא ãQSLã ¼ Las K.amrא ç9sma .ım ã2ş.a سא 9Ãs 3Z אد  Es אzrو,Lgşrş ,Luş WuLş ¼ אLÃ,iş yzم 

.u.srא ãSMA دz2rא @Ã.A ،zı¿א @Ã.A Eaz asñF ãş,وzrא @MLA E9şass ½aym ½şF u2şrنא א 9s2A Lgsא,Laszو אs çوãא ,L@ãא @i ar9zא ãıSLm @MLA 

KuL2âarم אLÃ,s @i E½m9Ã ½şF 

 Liaل W אşş  ،yzşQL.א zşm @şœאKa ?אò.şg אzrא ã.şız ¼ אã.zıQz אã.şş.2r א92m.rدL.gQşT ãş وא ÷ã.şım ã.ıa ?KL.gsLœL אãد אã.2aLş  ،ç אm 2.ız.92د ، م٦١،  ع١

Fم ٤٠٠٢E ،  ١٥١-١٠١K 

3..z אد   ç..ş.zא @..Ã, n..szşA ç..şא.zא ã..QSLã ¼ L..as Kx ١٦ص  ٨، z 2..rل ذL..ia ،uL2âa..rא ...mذ ç..a ½2ş...a ½..m9Ã 3..z אد   y..zא ¼ L..gşrş ,Lu..ş Wn..szrא Eç 

K.usrא ãSMA .ULsrא @i .usrن אLzQA Eaz asñF çLszrنא א 9s2A Lgsא,Laszو אs çوãא ,L@ãא @i ar9zא ãıSLm @MLş L ًً m9şsa ½2ş.a ½m9Ã 

K٨٨٩١م ،ñmAو¿r ãşıœã çşLaz א W א ض Lş.r ãş.as ãm وãşãşşas،  א Wymşsr د,א nı÷ ããuz א LنK  א Qşım çLα ،am9şr  LiaلW א

K3Ãsma aıa ¼ u2ŞRLş ããı2sz9م אm.r אو  ,9arא çşQ QA.s  J٩ 

K@m.rא ññ  ن א 9s2ş @m.r א و ل و   zç9ق  אA  ن א 9s2ş  ل و zç9ن  אs2şو u2şrא @şÃ.s ym y ًً  ãsma L ًً QşÃ.s uLa9m.r א و ل و א   zçא @Ã.s  

J ١٠  

K.usş @ وs .us ,9אm aŞTLα çş u2şrد אL2ş a  J ١١  

K,9uszא aiş ya ãısma yş.umو ãı¿א ya ½szms uTLşrא .a2ş  J ١٢  

Kلz2ş @ La 3Şı2s ça ،½QZzא .ş,Lãs ¼ Lgşım 9صaszא uyşz2srא , א.şş uTLşrم אyış  J ١٣  

KaãA Lgşâr9a ¿SLssא, و,i ym ãı¿א ¼ ò,9uszدא א 9zא y2s  J ١٤  
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