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ABSTRACT 

      A photovoltaic system (PV) connected to the utility grid through three-phase voltage source 

inverter (VSI) has been controlled in this paper for achieving maximum power point tracking 

(MPPT). In this paper, a modified perturb and observe (P&O) technique has been proposed for 

achieving MPPT of PV system using DC-DC boost converter. The proposed algorithm is used to 

obtain better capture of energy with minimum steady state oscillations. In this technique, the 

duty cycle is determined using a variable step-size to achieve MPPT accurately. A digital 

simulation using Matlab/Simulink package is carried out  to demonstrate  the advantage of the 

proposed system performance compared to the conventional technique under varying irradiation 

and temperature levels. The obtained  results investigate  that the modified algorithm can track 

the maximum power point (MPP) accurately besides, it extracts the additional power during the 

variation in weather conditions as compared to the conventional P&O algorithm.   

Keywords: PV System, Boost Converter, MPPT, Modified P&O, VSI and Utility Grid. 

1. INTRODUCTION 

      Due to the decrease of conventional 

energy sources and the rising problem of 

environmental pollution, the research and 

utilization about the renewable energy 

sources, such as solar energy, wind energy 

as so on, have been in favor of more and 

more attention [1]. 

      The Photovoltaic (PV) system has some 

benefits such as environment friendly 

"pollution free" and low maintenance cost. 

The main drawbacks of PV are it needs a 

high installation cost and it has a low 

efficiency as its efficiency is not more than 

20% [2].  
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      PV grid-connected systems are the most 

commonly and widely used nowadays. They 

do not need storage batteries and they use 

common inverters and are connected to the 

utility grid. Any excess energy produced 

from PV system is exported to the electricity 

grid and we usually get paid credit for the 

energy exported by the system. The PV on-

grid systems are shut down during a power 

failure due to safety reasons [3].  

      The efficiency of PV system depends on 

many factors such as sun irradiation, 

temperature, dirt, shadow and spectral 

characteristics of sunlight. The climatic 

changes can reduce the output power of PV 

array. A lot of research has been done to 

improve the efficiency of the PV modules. A 

number of methods to track the maximum 

power point (MPP) of a PV module have 
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been proposed to overcome the limitation of 

efficiency [1, 4]. 

       Maximum power point tracking 

(MPPT) is used to obtain maximum power 

from the photovoltaic module by properly 

adjusting the duty cycle of the DC-DC 

converter. Various MPPT algorithms have 

been employed by the researchers in several 

papers. Perturb and observe (P&O) 

technique: it observes the voltage level and 

perturbs the voltage till it holds MPP. 

Incremental conductance (INC) technique: it 

compares the slope of the power curve and 

determines whether to increase or decrease 

the duty ratio in order to achieve MPPT [5]. 

P&O can be used for the system which is 

required simplicity of system and for highly 

complicated system we can use INC because 

of its complexity and high cost [6]. 

       The conventional P&O has some 

disadvantages such as slow response speed, 

oscillation of the operating point around the 

MPP in steady state, and even tracking in 

the wrong way under rapidly changing in the 

atmospheric conditions [7]. The modified 

algorithm can overcome these problems 

with using a variable step-size instead of a 

fixed one [8].  

       Muralidhar, K. and Susovon, S (2015) 

[18] described a modified P&O MPPT for 

PV array using variable step-size. The 

variable step size is a function of the power 

to voltage derivative of PV system. This 

system suffers from some oscillations. 

        This paper presents control of PV grid 

connected system based on a modified P&O 

algorithm for achieving MPPT. The 

performance integrated PV systems for the 

both conventional and modified algorithm 

are compared using Matlab/Simulink 

software backage.The obtained results 

investigated that MPPT can be achieved 

precisely with the modified technique with 

less oscillation as compared to the 

conventional one. 

2. DESCRIPTION OF SYSTEM UNDER 

STUDY 

      Figure 1 shows a typical PV array via 

DC-DC boost converter connected to grid 

through three-phase voltage source inverter 

(VSI) and passive filter. The system 

contains the following components:  

1. PV array to deliver a maximum of 100 

kW at different irradiance and temperature 

levels. 

2. DC-DC boost converter to increase the 

voltage output of PV from 273.5 V DC to 

500 V DC. 

3. Three-level three-phase VSI to convert 

the DC voltage delivered by the array of 

(500 V) to an                                                      

AC voltage of 220 V and also to keep a 

unity power factor. 

4. Passive filter 

5. Utility grid. 

 

Fig.1: PV array grid-connected system. 

2.1. PV model  

      The simplified PV model can be 

represented as single diode model as shown 

in figure 2.  
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Fig.2: Single diode model. 

The basic equation that describes the I-V 

characteristics of the PV model is given by 

the following equation: 
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The light generated current,     is a function 

of temperature and solar insolation is given 

as follows: 
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The single diode saturation current as 

function of working PV temperature is given 

as follows: 
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[9].  

      The most widely used PV technologies 

are the polycrystalline (p-Si), mono-

crystalline (m-Si) and amorphous silicon (a-

Si) ones. The efficiency of the most 

commonly used m-Si and p-Si modules is 

typically between 10-18% in the  EU.The a-

Si PV technology is a type of thin film PV 

technology, which nowadays has a 

maximum of efficiency 10.5%. PV cells are 

connected in series and parallel to form PV 

module. The PV modules can be connected 

in series and parallel to form PV array or 

system [10].  

       The PV system represented in this paper 

consists of photovoltaic array. The 100-kW 

PV array consists of 66 modules connected 

in series and 5 modules connected in parallel 

(66x5x305.2 W= 100.7 kW). Manufacturer 

specifications for the module «SunPower 

SPR-305 » are listed in table 1. The PV 

array block has two inputs that allow 

varying weather conditions (input 1 in 

W/m², input 2 in degree C). The solar 

irradiance and temperature profiles are 

shown in figure 10. The characteristics I-V 

and P-V array is shown in figure 3. 

          

 

 

 

 

Table 1: Specifications of PV module. 

PV model SunPower SPR-305-WHT  

No.of cells 96 in series 

Maximum power 305 W / One Module 

Short circuit current(Isc) 5.96 A 

Open circuit voltage(Voc) 64.2 V 

Max.power current(Imp) 5.58 A 

Max.power voltage(Vmp) 54.7 V 
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Fig.3: The characteristics I-V and P-V of PV array [11]. 

 

2.2. Boost converter model 

      DC-DC converter is used to convert 

unregulated DC input voltage into regulated 

DC output voltage at a specified voltage 

level. Basic converter that steps up or steps 

down voltage input contains elements like 

transistors, diodes, inductors and capacitors. 

There are three basic converter topologies 

which are buck (step-down), boost (step-up) 

and buck boost (step-up or step-down). In 

our proposed system boost converter 

topology is used in order to increase the PV 

array voltage to a level that ensures correct 

operation of the inverter. Stepping up the 

input voltage is achieved by storing energy in 

an inductor for a certain time period, and 

then uses this energy to boost the input 

voltage to a higher level. The optimum load 

impedance of PV module is achieved by 

varying duty cycle. The circuit diagram for a 

boost converter is shown in figure 4. When 

switch S is closed, the input source charges 

up the inductor while diode is reverse biased 

to provide isolation between the input and the 

output of the converter. When the switch is 

opened, energy stored in the inductor and the 

power supply is transferred to the load. 

The modeling equations obtained by the 

Kirchhoff's laws, are as follows [12, 13]: 
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The relationship between the input and 

output voltages is given by: 
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         Fig.4: Schematic diagram of a DC boost 

converter. 

2.3. Inverter  

          PV modules generate direct current and 

voltage (DC). It is required alternating current 

and voltage (AC) to connect the PV modules 

to the grid. Inverter is the equipment used to 

convert DC to AC .There are different 

inverter configurations, one of these is 

Voltage Source Inverter (VSI). It is used to 

convert the 500 V DC link voltages to 220 V 

AC and keeps power factor at unity [4]. 
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3. A Modified P&O Technique 

      The conventional P&O method can track 

the MPP using fixed step-size which 

determines the duty cycle necessary for 

switching the DC-DC converter. The fixed 

step size tracking have certain drawbacks 

like slow speed and large steady state 

oscillations. If the step-size is high, it will 

result in faster dynamics but steady state 

oscillations. In contrast if small steps are 

chosen the tracking process will slow down. 

So to overcome these problems of fixed step-

size, a modified P&O technique  is used 

which uses a variable step-size to improve 

the dynamic performance and reduce steady 

state oscillations [8]. 

       The modified P&O technique is based on 

the perturbation in PV array output voltage 

and then the resulting variation of power is 

observed [14] in order to achieve MPPT. If 

the perturbation leads to increase in the PV 

output power, the actual operating point is 

positioned in the left side of MPP and the 

voltage is increased, otherwise the operating 

point is located in the right side and the 

 voltage is decreased. This process is 

continued until MPP is reached [15]. The 

modified P&O algorithm can be explained 

based on the conventional one represents by 

P-V curve  [16] as shown in figure 6.  The 

related equations that describe this algorithm 

are described as follows [15]: 

 

{
 
 

 
 

    

    
                                               

     
    

    
                                             

           
    

    
                                                

(6) 

It is impossible to achieve precise MPP 

(
    

    
  ). Therefore, more investigating 

format is: (
    

    
  ) which a small error is 

allowable. The size of this permissible error 

(ɛ) determines the sensitivity of the system 

[17]. 

       A variable step-size is chosen in [18-20] 

to improve the performance of PV system as 

mentioned by equations (8) and (9), where 

SF is the scaling factor for adjusting step  

size and adopting the performance of MPPT. 

The variable step-size is a function of the 

power to voltage derivative of PV system. It 

is given as follows: 

    |
    

    
|                                           (7)                                                                                                                

The duty cycle of the converter at instant k, 

 ( ) is given by the following equation: 

 ( )   (   )               ( ) 

The equation (10) can be written as: 

 ( )   (   )  |
    

    
|                      ( )    

Fig. 5: The modified P&O MPPT on P-V curve. 

 

   However, the use of PV power to voltage 

derivative (  
    

    
 )             ( )  would 

have several problems which can be 
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Fig.6: Block diagram of the modified P&O algorithm. 

mentioned below as follows: 

1- If the PV voltage change (    ) is low, 

the derivative (  
    

    
 )  will be large. As a 

result the power oscillations are increased. 

2- If the PV voltage change (    ) is large, 

the derivative ( 
    

    
 ) will be low. As a result 

the power oscillations are decreased but the 

time response of the tracking process would 

take more time to reach MPP. 

 

        Therefore, the proposed MPPT 

technique can overcome these problems. In 

this method a variable step-size (VSS) is 

used which depends only on the PV power 

change (     ) instead of the derivative 

(  
    

    
 )  .In this case the VSS can be 

calculated as: 

    |    |                           (  ) 

The duty cycle of the converter at instant k, 

 ( ) is obtained by the following equation: 

 ( )   (   )  |    |        (  ) 

       The procedures of the modified P&O 

technique to evaluate the duty cycle for 

switching the converter is described by the 

flowchart given in figure 8.In this method, 

The PV output voltage and current are 

measured at instant k and compared to the 

previous values at instant k-1 to 

calculate     ,      and  
    

    
 . The essential 

steps to estimate the duty cycle of the 

converter can be explained by the following 

block diagram shown in figure 6. 
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Measure V(k),I(k)

START

dV=V(K)-V(K-1)

dI=I(K)-I(K-1)

dP=[V(k)xI(k)]-V(k-1)xI(k-1)]

VSS=|dP| x SF 

dP > 0

D(k)=D(k-1)-VSS D(k)=D(k-1)+VSS D(k)=D(k-1)-VSS

dV < 0

RETURN

NO

No

Yes

D(k)=D(k-1)+VSS

dP< ε 
Yes

NO

Yes

dV < 0

Yes
NoYes

 

Fig.7: Flowchart of the modified P&O technique. 

4. SIMULATION RESULTS AND  

DISCUSSION  

       Digital simulation is carried out based on 

the proposed system shown in figure 8 using 

Matlab/Simulink software package. In the 

present study, the system is started with 

standard test condition "STC" (25   and 

1000 W/m²) and during time period the 

irradiance (G) and the temperature (T) are 

changed as shown in figure 9 in order to 

explain the effect of climate condition 

change on the performance of PV system.  
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Fig.8: Whole PV grid-connected system in Matlab/Simulink. 

                         (a) : Irradiance(G) change.                                                                     (b) : Temperature(T) change. 

Fig.9: Climate condition change.

      Figure 10 shows the performance of PV 

array connected to grid during variation of 

irradiance (G) and temperature (T) without 

MPPT. The output voltage of PV (   ) is 

slightly decreased and increased according to 

the variation of G in the period (t=0.75 sec to 

t=1.35 sec), while, this output voltage is 

reduced slightly according to the variation of 

T in the period (t=1.6 sec to t=1.85sec) as 

shown in figure 11.a. Figure 11.b shows the 

time response of the output current of PV 

(   ) during variation of irradiance (G) and 

temperature (T).  From this figure, the output 

current  is decreased and increased according 

to the variation of irradiance in linear fashion 

the period (t=0.75 sec to t=1.35 sec). On the 

other hand, this output current is decreased 

slightly due to the temperature variation in 

the period (t=1.6 sec to t=1.85sec). Also, the 

time response of output power of PV array 

(   ) is shown in figure 11.c. This figure 

indicates that the variation of      is 

depended on the variation of     and    . 

The value of the output power generated 

from the PV array is approximately equal to 

94.3 % from its maximum value (95.37 kW). 

The duty cycle of DC-DC boost converter is 

almost constant as shown in figure 11.d 

because the PV system does not operate at 

MPPT. 
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(a): The PV array output voltage (   ).                                                 (b): The PV array output current (   ). 

               (c): The PV array output power (   ).                                                   (d): The duty cycle of the converter. 

Fig.10: The performance of PV array during variation of irradiance (G) and temperature (T) without MPPT. 

 

     Figure 11 shows the performance of PV 

array connected to grid during variation of 

irradiance (G) and temperature (T) with the 

conventional P&O algorithm. The output 

voltage of PV (   ) is slightly decreased and 

increased according to the variation of G in 

the period (t=0.75 sec to t=1.35 sec), while, 

this output voltage is reduced according to 

the variation of T in the period (t=1.6 sec to 

t=1.85sec) as shown in figure 12.a. Figure 

12.b shows the time response of the output 

current of PV (    ) during variation of 

irradiance (G) and temperature (T). From this 

figure, the output current is decreased and 

increased according to the variation of 

irradiance in linear fashion the period (t=0.75 

sec to t=1.35 sec). On the other hand, this 

output current is decreased slightly due to the 

temperature variation in the period (t=1.6 sec 

to t=1.85sec). Also, the time response of 

output power of PV array (   ) is shown in 

figure 12.c. This figure illustrates that the 

variation of      is depended on the variation 

of     and     . The value of the output 

power generated from the PV array is 

approximately equal to 97.5 % from its 

maximum value (98.25 kW). The duty cycle 

of DC-DC boost converter is adjusted to 

improve the power generated from the PV 

array as shown in figure 12.d. In this method, 

the output power of PV array is improved 

with using the conventional MPPT. 

However, the output power response suffers 

from some oscillations.  

 

 

 

 

 

 

 

 

 

 

 



 

 

Vol. 40, No. 1. January 2021 
 

- 72 - 

 

 

 

 

 

 

 

 

 

 

(a): The PV array output voltage (   ) .                                               (b): The PV array output current (   ). 

 

 

 

  

 

 

  

(c): The PV array output power (   ).                                                  (d): The duty cycle of the converter. 

Fig.11: The performance of PV array during variation of irradiance (G) and temperature (T) with the conventional 

P&O algorithm. 

      Figure 12 shows the performance of PV 

array connected to grid during variation of 

irradiance (G) and temperature (T) with the 

modified P&O algorithm. The output voltage 

of PV (   ) is slightly decreased and 

increased according to the variation of G in 

the period (t=0.75 sec to t=1.35 sec), while, 

this output voltage is reduced according to 

the variation of T in the period (t=1.6 sec to 

t=1.85sec) as shown in figure 13.a. Figure 

13.b shows the time response of the output 

current of PV (   ) during variation of 

irradiance (G) and temperature (T). From this 

figure, the output current is decreased and 

increased according to the variation of 

irradiance in linear fashion the period (t=0.75 

sec to t=1.35 sec). On the other hand, this 

output current is changed slightly due to the 

temperature variation in the period (t=1.6 sec 

to t=1.85sec). Also, the time response of 

output power of PV array (   ) is shown in 

figure 13.c. This figure illustrates that the 

variation of      is depended on the variation 

of     and    . The value of the output 

power generated from the PV array is 

approximately equal to 99.27 % from its 

maximum value (99.99 kW). The duty cycle 

of DC-DC boost converter is adjusted using 

variable step-size as shown in figure 13.d in 

order to extract MPP from the PV array and 

reduce oscillations in the output power. In 

this method, the output power of PV array is 

improved with using the modified algorithm 

and has less oscillation as compared to the 

conventional one.   
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             (a): The PV array output voltage (   ) .                                                

 

   

 

 

(b):The PV array output current (   ).

  

 

 

 

 

(c): The PV array output power (   ).                                                             

(d): The duty cycle of the converter. 

Fig.12: The performance of PV array during variation of irradiance (G) and temperature (T) with the modified P&O 

algorithm. 

 

     Figure 13 shows the output power of 

PV array without MPPT, with the 

conventional P&O and with the 

proposed P&O algorithm during the 

variation of irradiance and temperature 

for comparison purposes. The 

waveforms of the output power display 

that the modified P&O technique can 

achieve MPPT accurately under varying 

irradiance and temperature levels with 

less oscillation as compared to the 

conventional one.

  Fig.13: Comparision between the output power of PV array without MPPT, with the conventional P&O and with 

the modified P&O algorithm. 
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       Table 2 demonstrates the output 

voltage, current and power of PV system 

obtained from the I-V and P-V 

characteristics at different weather 

conditions. The comparison between the 

PV array output for the three cases study 

are presented and tabulated in table 4. 

 

Table 2: The output of PV array based on I-V and P-V characteristics at different weather conditions. 

Case. No G (W/m²) T (°C) 

The output of PV array 

Voltage 

(V) 

Current 

(A) 

Power 

(KW) 

1 1000 25 273.5 368.3 100.73 

2 900 25 274.6 328.7 90.26 

3 600 25 271.8 220.3 59.88 

4 500 25 270.2 183.9 49.69 

5 350 25 267.9 128.7 34.48 

6 200 25 263.1 73.56 19.35 

7 1000 50 250.2 371.4 92.92 

8 1000 35 264.4 368.5 97.43 

 

Table 3: Comparison between PV system without and with MPPT at different weather conditions. 

Case. No 

PV array output without using 

MPPT 

PV array output with MPPT 

P&O Conventional Modified P&O 

Voltage 

(V) 

Current 

(A) 

Power 

(kW) 

Voltage 

(V) 

Current 

(A) 

Power 

(kW) 

Voltage 

(V) 

Current 

(A) 

Power 

(kW) 

1 249.6 381.77 95.37 285.32 341.5 98.25 268.33 372.76 99.99 

2 242.33 346.35 86.51 285.4 307.68 90.41 274.45 330.41 93.42 

3 241.58 229.95 58.4 238.9 230.17 60.51 273.22 219.05 62.94 

4 241.39 191.92 48.86 289.44 154.56 50.11 269.59 134.67 52.52 

5 241.24 135.44 35.18 231.65 234.6 35 271.95 127.77 37.56 

6 248.06 76 18.83 235.9 76.68 18.99 264.95 73.01 22.05 

7 249.63 372.2 92.89 261.7 345.85 91.53 258.73 354.44 91.8 

8 249.62 381.13 95.14 275.79 343.55 95.44 271.35 355.74 96.65 

 

4. CONCLUSION  

        Simulation results of PV system 

connected to the grid with the modified 

perturb and observe technique are 

carried out for achieving MPPT using 

Matlab/Simulink software package. The 

modified perturb and observe technique 

based on variable step-size is proposed 

in this paper to achieve MPPT and 

improve the system performance. The 

performance of PV array connected to 

grid is obtained at different weather 

conditions. Also the performance of PV 

system is obtained using conventional 
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and modified perturb and observe 

methods at different weather conditions 

to achieve MPPT for comprising 

purposes.  

From the present analysis, One can draw 

the following conclusion:- 

1- The response of the generated output 

voltage of PV array is greatly reduced 

due to the variation of  

temperature and slightly changed with 

irradiance variation. 

2- The response of the generated output 

current of PV array is linearly decreased 

and increased due to the variation of 

irradiance and slightly changed with 

temperature variation. 

3- The response of the generated output 

power of PV array is changed depending 

on the variation of the PV output voltage 

and current. 

4- The value of the generated output 

power from PV system using MPPT 

algorithms is a good tracking with its 

maximum value of PV system and its 

time response is improved using the 

proposed algorithm as compared to the 

conventional one. 

5- Better performance of PV system 

have been achieved with minimum 

oscillation with using the modified 

perturb and observe algorithm as 

compared to the conventional one. 
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List of Symbols 

I Cell current (A); 

    Light generated 

current(     -       ) (A); 

   Diode saturation current (A); 

q Charge of electron=1.6x  -   (C); 

K Boltzmann constant (J/K); 

V Cell output voltage (V); 

 

      

 

Cell series and shunt resistance(ῼ); 

G Cell surface irradiance (W/m²); 

     Solar irradiance at standard test 

conditions (STC); 

  Cell working temperature (  ); 

     PV cell temperature at STC (  ); 

                -              ; 

    Short circuit current coefficient; 

    Input voltage (V); 

     Output voltage (V); 

   Input current (A); 

     Inverter input DC current (A); 

  Boost inductance (mH); 

C DC-link capacitor ( F); 

    On time period of semiconductor 

switch (Sec); 

     Off time period of semiconductor 

switch (Sec); 

D Duty cycle; 

d The switch state; 

VSS Variable step-size; 

ɛ Power permissible error; 

D(k)     Duty cycle of DC-DC converter at 

instant k; 

D(k-1)   Previous value of duty cycle of DC-

DC converter at instant k-1; 

SF Scaling factor. 
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تعددد طر قةطادددظ بة ةبلاضدددظ لبحددددأةبى ةيم طددد   لاظددد  لاخ دددظ ةاددد لط ة دددتصـ بة  طدددص بة  ت   ةأخدددظ بة يظدددتر 

بصةشددددددددددددددض ظ بة حةبخددددددددددددددظ تدددددددددددددد   دددددددددددددد   تم طددددددددددددددر لل دددددددددددددد  بة حدددددددددددددد  بة  ددددددددددددددي ة                                          

         

ببةبـ طم    زى
1

, طم  سخ  محمد
2
, ع صد ج خر شمصتظ 

2 
ل, تنيظة عض  بة يص

3
 

1
 بصحث , ب صة لط س بةحن سظ , لا م بةحن سظ بة حةبخظ , جصتعظ بة نخص , بة نخص , تظة.

2
  سيصذ للئخس لا م بةحن سظ بة حةبخظ , كلخظ بةحن سظ , جصتعظ بة نخص , بة نخص , تظة.

2
  سيصذ ت صع  با م بةحن سظ بة حةبخظ , كلخظ بةحن سظ , جصتعظ بة نخص , بة نخص , تظة.

3
 ت لس با م بةحن سظ بة حةبخظ لبةمصسضصع , بة عح  بةعصة  ةلحن سظ لبةي ن ة جخص , بة نخص , تظة.

 بة ل ص بصةلغظ بةعةبخظ:

يخُأل انبذث حصًيى َظاو خلايا شًسيت )يُظٕيت فٕحٕفٕنخيت( يخصم بانشبكت انكٓزبيت يٍ خلال ػاكس ثلاثٗ الأٔجّ ٔانخذكى  

ُياث حخبغ أقصٗ قيًت قذرة  نُظاو انخلايا انفٕحٕفٕنطيت  فٗ ظم ظزٔف يخخهفت يٍ الاشؼاع فٗ ْذا انُظاو بالاػخًاد ػهٗ حق

قذ حى اقخزاح حؼذيم نطزيقت انًزاقبت ٔالاضطزاب فٗ ْذا انبذث نخخبغ أقصٗ قيًت قذرة  نُظاو انخلايا  انشًسٗ ٔدرجت انذزارة.

ْذِ انطزيقت نهذصٕل ػهٗ قذراث أفضم ٔحذبذباث أقم ػُذ حسخخذو  انفٕحٕفٕنطيت يٍ خلال حذٕيم ٔرفغ انجٓذ انًسخًز ديث

نخٕضيخ انفزق بيٍ أداء انُظاو يغ  (kmilumiS/baluaM) ًذاكاةانذانت انًسخقزة ٔقذ حى يذاكاة انُظاو باسخخذاو بزَايج ان

ٔدرجت انذزارة. ٔقذ  الاشؼاع انشًسٗٔبذٌٔ اسخخذاو حقُياث حخبغ أقصٗ قذرة نهخلايا انشًسيت فٗ ظم يسخٕياث يخخهفت يٍ 

ــؼذل يسخطيغ حخبغ أقصٗ قيًت قذرة نهخلايا انشًسيت بذقت بالإضافت إنٗ إيكاَيت انذصٕل ػهٗ  ًُ اثبخج َخائج انًذاكاة أٌ انُظاو ان

.                   نطزيقت انًزاقبت ٔالاضطزاب أثُاء حغيز انظزٔف انجٕيت بانًقارَت يغ انُظاو انخقهيذٖ أفضمقذراث   

 


