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 
 ،אאא،א

W، 
 אאאאאאאאא

אא،אאאאאא
אאאא

אאאאאאא
KאאאWאא 

 א   א אא  א     
،אאאאא
אאא،א

א א אא א אא ،אא
אאאאא

،אאאאאאאא
אאא،אא

Kא 
 ? א א א א  J ?

?א א  א אא אא  א  ?
אKאאאאא 

 אאאאאא
  א    ،א א אא   

 ،א   א   א א  
Kאא 

 אאא؛א
Kא 
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א 
א א

אאWא ٨ 

١-١.  ١٠ 

٢-١. אא١١ א  

٣-١. א ١٣ 

 1-3-1אאא١٣ 

 1-3-1אאא١٤ 

 1-3-1אאא١٥  

 1-3-1١٧  

5-3-1   ١٩  

٤-١  ٢٠  

1-4-1אא ٢١  

  2-4-1אא ٢٣  

٥-١. א ٢٨  

٦-١. אא ٢٩  

 1-6-1אאא٣٢ א  

2-6-1אאאא ٣٢  

3-6-1אאאאא ٣٣  

٧-١. אא ٣٤  

1-7-1אאאא ٣٥  

2-7-1אא ٣٥  

٨-١. אא ٣٨  

  1-8-1א٣٩ א  
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 
א א

2-8-1אאא ٤١ 

.9-1א ٤٨ 

 1-9-1אא ٤٩ 

2-9-1 ٥١ 

 ٥٤ 

אאאWאא ٥٨ 

١- ٢  ٦٠ 

٢- ٢ אא٦١ א 

٣- ٢ Kאאא 65 

١-٣-٢ אא 65 

١-١-٣-٢ אא 65 

٢-١-٣-٢ .אא ٦٦ 

٢-٣- ٢ א٦٧  א 

אא ١-٢-٣-٢ ٦٧ 

٢-٢-٣-٢ אא ٦٩ 

٣-٢-٣-٢ אא ٧١ 

٤-٢-٣-٢ אאא ٧٢ 

٥-٢-٣-٢ אאאא ٧٣ 

٤-٢ אא ٧٥ 

٥-٢ אא ٧٦ 

١-٥-٢ א ٧٧ 

٢-٥-٢ אא ٧٨ 

 ٨٠ 
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 
א א

Wאאאאא ٨٢ 

١-٣.  ٨٤ 

٢-٣. Kאאא ٨٥ 

٣-٣ אאאא ٨٨ 

١-٣-٣ א ٨٨ 

٢-٣-٣ אאאא ٨٨ 

١- ٢-٣-٣ אא ٩١ 

٢-٢-٣-٣אאאאא ٩٢ 

٣ -٣-٣  אאאא ٩٤ 

١-٣-٣-٣אא٩٥  א 

٢-٣-٣-٣אא  ٩٥ 

٣-٣-٣-٣ אא  ٩٥ 

٤-٣-٣-٣ אא  ١٠٠ 

 ١٠٤ 

אאWאאאאא١٠٧ 

١-٤. אאא ١٠٩ 

٢-٤. Kאאאאאא١١٠ א 

٣-٤. אאאא ١١١ 

٤-٤. אאא ١١٢ 

٥-٤. אאא ١١٣ 

٦-٤. אאא ١١٥ 

٧-٤. אאאא ١١٧ 

٨-٤. אאאאא ١١٩ 
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 
א א

 ١٢٢  

 ١٢٥ 

א١٣٠ א 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 
 

،،אא،אא
א?Wאא?א

?،אאאאאא
K? 

אאאאאאא،
אאאא

אאא،אאאא
אאK 

אאWא 
אאWאאאאא

אא،א،א
א،אאK
אאאאאא،אא

،אאאאא
Kא 

אאWאאאאא
אאאאאאא

אאאאאאאאK 
אאWאאאאא

אאאאאא
אאאא

אאאאK 
אאאWאאאאאא

אאאאאאאאא
K 

 



EFאא 
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 
אאאאא

אאאאא 
אאאKאא

א،אאא
Kאאא 
 

  
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 
 
  
 

   

אאאא
אאאא  



EFאא 
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אאW 
אאאאאאא

Kא 
אאאW 

١K אKאא 

٢K אKאא 
٣K אאאKא 

٤K אKא 

٥K אKאא 

٦K אKאאא 

٧K אKאאא 
٨K אאא 

٩K אאאK 

١٠K אKא 

١١K אאאאא
EF 

 �
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 
1.1 JIntroduction 

אאF(Automatic Control systems
אאאאאא
אאאאאKא
Kאאאא

אאאא
אאאאאאא
אאאאEאFאא

Kא 
אאאאאKא

אאא
אאאKEאאFאא

אאאאא
אא؛אאאאא

אאאKא
אאאא

Wא 
 אאא، 
 ،אא 
 ،אא 
 ،אאא 
 אאK 

אאא
אFComputersEאא)Robot (אאא

אאאאא،
،אאאאא

אאאאאאאUrban Planning 



EFאא 
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 
FאEnvironmentKEאא

W،אאא 
 ،א 
 ،אא 
 ،אאאא 
 ،אא 
 ،א 
 אאא 
 אKKKאא 

  
  

  2.1אאא.(Control System's Components)  

 ١- ١(א( Eאא  F
Kאא

    אא אא     א
אאאWא 

 
 
 
 
 
 
 
 
 
 

 (1-1) 

אאאאא
 

(controlled 
variable) 

عناصر 
 التحكم

+

-

 الحاكم
Controller

Eالأمر 
عنصر الدخل
 المرجعي

 عنصر التغذية الخلفية

(commad) 



EFאא 
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 
 אא)Controlled Variable ( 

   K אאאא א
 א אK א    א אא א  א א

Kאא 
 א(Plant) 

אאאאא
   K   א      

،،،K 
 א(Disturbance) 

א  א אאא א
   א  א Kא  א W א א

אK 
 אא)Reference Signal( 

אאאאאאאK
אאאאא

Kא 
 א (Output Signal) 
אאאאKאאא


Kא 

 א )Error Signal( 
אאאאאאא

אאאאאאאא
אאאKאEאFא

Kאא 
 
 



EFאא 
 

אאאא 
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 
 א(Controller) 

אאאאא
אאאאאאאאא
אאאאאKא

Kאא 
 א(Sensors) 

אאאא
Kאאאא 

 א(Actuators) 

אאאאאאא
אאאK 

 אא(Final Control Elements) 
אאאאא
אא

Kאאא 
 

  3.1א(Illustrative Examples)  
      א א    אא

Wא 
  1.3.1Wאאא 

)١2- (א
אאא

אאא
אאאאאאKא

אאאאאאאאא
אאKא 
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אאאאא
אאאאKאאאאאF

Eאאא
אא 

 

 
 

אKאאאאאאא
אאאאKא

אאK 

 
  2.3.1Wאאאא 

אאאא
אF3-1EאאאאKאא 

 



F1J1Eא





א




א

 (2-1)א 
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 
אאאאא

אאאאK 
אאאאאאא

Kאאאא
אFאKEאאא

אאאאא
אאאאא

K 

 
 

  3.3.1אWאא 
Fa-4-1אEאFEא

אאאאאאFE
אאKא

אאאאאא 

)3-1(א

  



א


א

 אא
אא

 

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 
אאאאאKאאא

FאאEאאאאאא
אאאאאאא

Kאא 
 

 
 
 
 

אא

)4-1(אא

אא  




אא



אא



א  

Pneumatic valve

Inflow 

Controller

Outflow(a)

Controller
Pneumatic 

valve
Water tank

Float

Actual level

Desired level

(b)
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 
א )b-4-1אEאאא

אאאאאא
אאאאאK 

 
  4.3.1WEאF 

אאא)a-5-1(אאאF
אEאאאא

אאאאא
אאאאאאFא

EאאאאאEFא
אאאאא

FאKאb-5-1EאKא 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 
 

 
 
 
 
 
 
 
 

א

(b-5-1) א

א

 

א
אא

א 
אא

Brain Hand 
Muscle Hand

Eye

Output 
Input

(b)

Fa-5-1Eא 

א

א
א

אאא


א

אא  

אא 

Brain 

א

(a)

א
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 
  5.3.1W 

Fא6-1E
KאPulsesא

אאאאא
אא .Va אאאאאא

אאKא
אEאFאאאא

אאא،אא
אK 

 
 
 
 
 
 
 

א 

(6-1) 

Va

 

א   
محكوم التحكم   

א 

א אא  

אא  
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 
  4.1Laplace Transformation 

 Laplace Transformations א אא
אאאאאאאאא

אאKאא
אאאאא

א  t       אא  אא 
Sאאא.S

א    אא א   א S   
אאאא

Kא 
אאWReal Partσא

Imaginary PartjωאKאאא
אאאאאσ-axisאאאא

א jω-axisאאאS(S-plane))٧-١(K 
 

 
 

  - 

j ω

σσ10 

ω1 s1
σ1

 
+ jω1

s-plane

F7-1אאES 
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  1.4.1אא 
אאאאא

אאאאאKא
אKאאא

אאאאא(t) א
אאf(t)אא

אאFSEF(s)Kאאא
Wאא 

 אאאאאאאsK 

 אאאאא
אsK 

 אאאאsK 
אאאW 

f(t)Zאאא 
F(s)      ZאאאאsאאאאFf(t) (. 

 
s         אאZs = σ + jω   

L      Zא 
אא(t )fאWא 

    
)11()()]([)(

0

 


 dtetftfsF stL 

אאאאאא
אאא 

1-1 

אאאאK 
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 
Kאא)8-1(אא 

 

 
Wא 

אW J 
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 

 
Kאאunit step function

אאאא 
   

1
)(    

S
sF  

2-1  

אאאאאאאExponential Function 

 
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
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tf kt 

 
k אK9-1(א(אאא 

אא  (8-1) 

f(t )
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 
 

 
 

 
א 
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  2.4.1Laplace Transform Theorems 
אאאאWא 

 אK 
אאאאא

Kאא 

f(t) = e-kt  

k 

 )9-1(א 

(t) 

f(t) 
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 
 )12(][  k.F(s)k.f(t)L 

kא 
 א 

אאאאא
Wאא 

        )13([ 2121  (s)F(s)F(t)]f(t)fL 
 

 אאאא 

)(sFאאאf(t) يѧتقة الأولѧي للمشѧل اللابلاسѧإن التحويѧف

אللدالة  
1)-(4 0][ )SF(s)-f(

dt

df(t)
L 

 
f(0)אאאאf(t)t = 0K 
Wאאאא 

)15(00][ 2
2

2

 )  (f)-Sf(F(s)S
dt

f(t)d
L 

Wאאאא 

)16()0(][
1

1  


  fSF(s)S
dt

f(t)d n

k

kknn
n

n

L 

 
)0(1kfאא(k-1)t = 0 

 אאאא 
אאאאf(t)אW 

 
)17(](t)dt[ 0  

 S

 f(t)

S

F(s)
f tL 

 
 

0
)(

 t
dttfאאt=0 

 
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 
 אאא 

   (8-1))(T)]-(t[ sFef sTL 
 אאS W 

  (9-1) )((t)][ ksFfe kt L 
 

 א 

             (10-1)              )(
1

(at)][
a

s
F

a
f L 

 

 אאא 

אאאאאf(t)אf(0) 
  (11-1)          ))((lim)(lim

0
sSFtf

St 
f(0)             

 אא 

אאאאf(t)אf(∞)
Kאאאאאא 

 
           )12-1           ())((lim)(lim

0
sSFtf

St 
 )f(  

 
אאאאאא 

 
 
 
 
 
 
 
 
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 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 

2 s

1 

as

1 


2 a) (s

1



2 2 ωs

ω


2 2 ωs

s 


1 ns

n!


1 n a) (s

n!


)e(e 
a-b 

1 btat  
b)a)(s(s

1 


)ae(be
a-b 

1 atbt  
b)a)(s(s

s





  
 


  )ae(be

ba

1 
1 

ab 

1 btat

b)a)(ss(s
1 



2 2 ωa)(s

ω



2 2 ωa)(s

as

 


)e1(at 
a

1 at
2 

 a) (ss

1 
2 

tζ1sinωe 
ζ1 

ω 2
n

tζω

2 
n n 
 2 

n n 
2

2 
n 

ωs2ζs

ω
  


 

 


2
1 

)1sin(

2 

1
tan

1 
1 2


 



 



 tt nne 

2 
n n

2 ωs2ζs

s

 17

16

15

e-atcos ωt14

e-atsin ωt13

12

11

10

t n e-at (t=1,2,3,…)9 

t n (n=1,2,3,…)8 

cos ωt7 

sin ωt6 

te-at5 

e-at4 

t3 

Unit step 1(t)2 

1 unit impulse δ(t)1 

F(s) f(t)

17

16

15

e-atcos ωt14

e-atsin ωt13

12

11

10

t n e-at (t=1,2,3,…)9 

t n (n=1,2,3,…)8 

cos ωt7 

sin ωt6 

te-at5 

e-at4 

t3 

Unit step 1(t)2 

1 unit impulse δ(t)1 

F(s) f(t)

s 
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 
 

3-1 

Wאאאא 

tt  h(t)

tt y(t)

t e x(t)

et- f(t)

e f(t)

 f(t)

t-

-t

t-

cos8141006

cos25

4sin4

23

452

151

5

2












 

Wא 
F2-1אEאW 

 

2)s(s

109s

2s

4

s

5
]4[]5[]4e[5 -2

s

15
[15] )( 1

2t-











 teF(s)

sF

LLL

L

 

)1(s

)2s-s(1
)

1s

2
()

s

1
(]2[][]2e-[t F(s) 3

2

2

2
t-







 

s
et tLLL 

1s

8s

s

14

s

100
8cost]14t[100H(s) 6

9s

s

s

2
cos3t][2t Y(s) 5

165)(s

4
]

45)(s

4
[sin4t][e X(s) 4

22
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222
5t-













L

L
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 

 
Wאאאsא٤ 

 
 
 
 
 
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 
  5.1אInverse Laplace Transformation 

אאאאאאא
FsEאאאאFtEKאאא

אאF(s)אאf(t)א-1LW 
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 
Kאאאאא 

)1(

1

)1(

2
)(

3 





ss
sF 

אאאאS  
  )1()( 22   teeettf ttt 

 
  6.1אאClassification of Control Systems 

אW 
 אאאאOpen loop control system 

 אאאאClosed loop control systemK 
 

  1.6.1אאאאOpen Loop Control Systems 
אאאאאKא

אאאא
אא
אKא 

 
 

 
 

 

 )10-1 (א 

א  

Actuating signal

(Command) 
(controlled variable)

 

 الأمر

 

المشغل الحاكمالنظام المحكوم
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 
א)10-1 (אאאאאK

אאאאאאאא
אאאא

אא
אאאאKאאאאא 

 
  2.6.1אאאאClosed-loop Control Systems 

אאאאאאא
אאאאאF

אאEאKאא
אאאKא

א
אאאאFeedback Control SystemK 

 
 
 
 
 
 
 
 

 
 

 
 
 
 

)11-1(

א
אאאא

 

(controlled variable)

عناصر التحكم
 النھائي

+ 

-

 الحاكم
Controller

Eعنصر الدخل الأمر 
 المرجعي

 عنصر التغذية الخلفية

(commad) 
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 
)11-1 (אאblock diagram،

אEאאאאאא
אcontrollerאא

אאאאplantאאא
Kאאאא

אאאאאא
Kאאא

אאאאאKא
אאOperational Amplifier K 

 
  3.6.1אאאאא 

 J  אאאאאאאאא
אאאאאאאאKא 

אאאא،א
אאאאא 

 J  אאאאאאאא
אא،אאאא

אאKא 
 J  אאאאא

אאKאא
אאאאא

אKאאאאא
،אאאאאא

אאKא 
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 
  7.1אאTransfer Function 

אאאTransfer Function אאא
אאאאאInitial Conditions

EFKWאאEאFאאאא 
 
 

  
 

  1.7.1אאאא 
אא 
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 

W 
א   c  =   output of the system 

א  r  =  input of the system 
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 
8-1 

אאאאאWא 
 

0.1 c"(t)+2c'+c(t) = 4r(t)                            
  

אאWאאאא
אאא 

  
0.1S2C(s)+2SC(s)+C(s)=4R(s) 

אWאC(s)אאא 
 )0.1S2+2S+1)C(s)=4R(s( 

W א אא  א C(s) 
R(s) K 

121.0

4

)(

)(
).(.

2 


SSsR

sC
sFT 

 
 

  2.7.1אא 

א) 12-1(K
אאאאאאK 
 

 
 
 
 
 
 
 
 
 

  (12-1 ) 

H(s) 

C(s) R(s) 
E(s) 

B(s) 

G(s) 



EFאא 
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 
אWאא 

C(s) = E(s)G(s)                            I 
E(s) = R(s) - B(s)                        II 
B(s) = C(s)H(s)                          III 

   

אIIIאIIאאI 
C(s) = [R(s) - C(s)H(s)]G(s) 

אא 
  

C(s)[(1+G(s)H(s)] = R(s)G(s) 
 

C(s)  R(s)אאאא 
 

 )24-1(            
)()(1

)(

)(

)(
)(

sHsG

sG

sR

sC
sTF


       

 
אאאא
W J 

 
 
 
 
 

אא 
 

 G(s)אאאforward path transfer function
א 

  
E(s)

C(s)
G(s)  

H(s)אאאfeedback transfer functionא 
 

C(s)

B(s)
H(s)  

 

)()(1

)(

sHsG

sG

R(s) C(s) 



EFאא 
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 
  8.1אאBlock Diagram 

אאBlock diagramאאא
אאFאאאאאE

אאאא
אאאאKאאא

blocksאא
אאtransfer functionאאK

אאאאאא
אאאK13-1( א(א
אאK 

 
 
 
 
 
 
 
 
 

אאאאאא
אאאאאא

 Kאא  
אאKאא

א א א א    Kא
אא אא    

אKאא א א  א
Kאא 

 )13-1(אא

Y1(s )X1(s) )s(G1 

)(

)(
)()()()(

1

1
1111 sX

sY
sGsXsGsY 
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 
  1.8.1אאElements of Block Diagram 

אאא
Kא 

E  אBlocksWאא 
E  אBranch pointsWאאא

)14-1(Kאאא
אאאאK 

 

 
 

 א  ESumming Junctions Wאא
אFאEא

)15-1(K  א    א א   א 
Kאאא 

 
 
 
 
 
 
 
 

אא (14-1)   

C(s )C(s )

C(s )

  
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 

 
 

א א E Straight Line Wאאא
אאאאאאK 

אEArrows WKאאאא 
Wאאאאא 

 אאאאאאK 
 אאאאאאא

אאאK 
 אאאאKא 
 אאאא

Kאאא 

 אאא
אאאאאאK 

 
 
 

 

(15-1)  א  

Y(s)

X1(s)

X
3 
(s

X2( )

+

+
-

(s)X(s)X(s)XY(s) 321   
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 
  2.8.1אאאBlock Diagram Simplifications 

אאאאאא
אאאEאאFא

אאאא
אאאאאא؛אאאא

אאא
אאKאאאא

אאאאא
אאאKאGא

אא X,Y,ZאאHאא
אSK 
 
 
 
 
 
 
 
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EFאאאKא

אאאKאאא
אא)16-1(K 

 

 
 

א (16-1)
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 
אאאא

אאאאאK
אאאאאא 

אאאאאאא
אאא

Mason's ruleK 
 

  1.9.1אאBasics of Signal Flow Graph 
אאאא

Kאאאאאאא
אאK

אאF17-1א(K 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
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 
Fאא17-1אEW 

١ Jא2XFאa17-1E12 aXX  
٢ Jאאאאאא

F17-1bKE 

٣ Jאאאאאא
Fc 17-1E 

٤ JאאFd 17-1E 

٥ JאאFe 17-1EW 
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 
  2.9.1Mason's Rule  

אאGEאFאא
אאאאא

אאאKאאאא
W 

  )25-1(kk
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    

1 

 
אאKpath    forwardth  ofgain path kpk  

אgraph oft determinan Δ  
W 

Δ} = 1 JFאאאEHF
E JF

אEHKKKKKKKKKKKKKKKKKKKKKK{ 
W 
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

a
aL =אאא 


cb

cb LL
,

= 


fed

fed LLL
,,

 =א

 
k=אאאאא    k   

 
אאאאא

Kא 
 
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12-1 

אאאאאאאא
אאאאאא Kא

אאא
)(

)(

sR

sCK 

 
 
 

 
 
 
 
 
 
 

 
 

 
 
 
 

Wא 
١ JאW 

3211 GGGP  
٢ JאW 

3213

2322

1211

GGGL

HGGL

HGGL





 

 

R(s) C(s) 1 1 G1 1 G2 G3

C(s) 

-H2 

-H1 

-1 

G1 G2 G3 
C(sR(s) 

H1 

H2 
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 
٣ JאאאאW 

321232121

321

GGGHGGHGG1     

)LL(L1Δ


 

٤ Jאאאאא1P1אאא
W 

1Δ1 
אאאאאאאא

)(

)(

sR

sC 

 
GGGHGGHGG1

GGG
       

R(s)

C(s)

)(

)(

321232121

321

11








P

G
sR

sC

 

 
אא 

 
13-1 

אאאאאאאא
K 

 
 
 
 
 
 
 
 

 
 

 

R(s) C(s) 
G1 G5 G3G2 G4

G7 

H2- 

G6 

H1- 
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 
Wא 

אאW 
١ JאW 

7213

54612

543211

GGGP

GGGGP

GGGGGP





 

٢ JWא 

254324

25463

2722

141

HGGGGL

HGGGL

HGGL

HGL






 

٣ Jאאא1L2LW 

214321 LL)LLL(L1Δ  
2174225432254627214 GGGHG1Δ HHGGHGGGHGGGHG  
123אאאאאאא1P2P

3PW 
אאאא1P2P 

121  
אאL1אאP3 

143 1 HG 
 

 
1

)(

)(

2174225432254627214

17421721546154321

332211

HHGGGHGGGGHGGGHGGHG

HGGGGGGGGGGGGGGGG
 

R(s)

C(s)

pPP

sR

sC
G











 

 
 
 
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 
 ؟אאאאאא -١

 אאאאאא -٢

٣- אאאאא 

٤- אאאא؟אא
 א؟

 אאאאאאאא -٥

٦- Wאאאא 
 

u(t)2cos2sing(t)   (d)                                       u(t)2sin2g(t)   )(

)u(t)2sin(g(t)    (b)                                        u(t)5g(t)   )(

2

25

tttec

etttea

t

tt









 

 
٧- Wאאא 

 

)55s)(5.1(

)1(2
G(s)    (f)                                        

)1(

1
G(s)   )(

)2(

)1(2
G(s)    (d)                                        

)1)(4s(

2)(s010
G(s)   )(

)3()1(

10
G(s)    (b)                                        

)3)(2(s

1
G(s)   )(

2

2

3

22

2
























sss

ss

s
e

Sss

s

ss
c

ssss
a

 

  

٨- אאאאKאא 

 
 
 
 
 
 
 
 

 

R(s) 

2H

1G 2G 3G C(s) 

1H
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Y5 Y2 
Y3 

Y4 Y5 
-H1 -H2 

 
٩- אאאאאא

Kא 

 
 
 
 
 
 
  

 
 
١٠- אאאאא

)(

)(

sR

sCK 
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 
 
 
 
 

  
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 
אאW 

    א   EאF   א
אאKא 

 

אאאW 
 
١K אKא 

٢K אאאא 

٣K אKאאא 

٤K אKאא 

٥K אKאאא 

٦K אKאא 

٧K אאאאK 

٨K אKאאא 
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 �



EFאא 
 

אאאא 
 

 
60 

 
  1.2 

אאאאאא
אError SignalKאאא

אאא
אאאא

אאאאאאאKא
אאאאא

אאאא
אאKאאאא 

אאאאאאאא
אאאKא

אאאאW 
א JKאאאא 
٢ JאאK 
٣ JKאא 
٤ JאאKא 
٥ JאאאK 

 
אאאאא

אאאאאאאKא
אאאאאאא

אאKאאא
Kאאא

אאאאאא
אאאא

Kאא 
 
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 
2.2אאאMathematical Modeling 

א א א א    א  א א 
אאאאא

אאאאאאאK
אאאאא

 א   א     אא 
אאאאאK 

אאאאאאא
  א א א אא  אא  

Kא 
1-2 

 אא אאRCאאא
אKאאאאאא

אאאאW 
 

 

 

 

 

 )1-2( אאRC series circuit 

אW 
WאאW 

Wאא 
          )1-2 (                               )()()( tvtvte cr   

אאאאW 

 

R 

C 
e(t) 

Vr(t) 

Vc(t) 

i(t) 
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 

)()( tRitvr  
אאאאK 

dt

tdv
Cti c )(

)((  

אאW 

dt

tdv
RCtv c

r

)(
)(  

אא)١-٢( 
 )2-2(                       )()(

)(
tetv

dt

tdv
RC c

c   



אאאאא
אאR. C. Series Circuit)EאאF1-2E

Kאא 
אאWW 

אEאFא،אאא
אאאאאאW 

 )()(
)(

teLtv
dt

tdv
RCL c

c 



   

    

)()()0()(( sEsVvsSVRC cc   

אאאאאW 
0)0( cv  

 
)()()(( sEsVsSVRC cc  

  )()(1 sEsVSRC c  
אאאאא

אאאאW 
 

           )3-2                                 (
1

1

)(

)(
)(




SRCsE

sV
sG c  
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 
אWאאאא

אאאא،אאאא
אאאKאאsא
א 
2-2 

א  א אא  א   RLC  
אאאאKאא

Wאאאאאאאאא 
 

 

 

 

 

 

)(2-2אRLCא 

א 
WאאW 

אאאאW 
)4-2()()()()( tvtvtvte cLr  

W 
)()( tRitvr  

dt

tdi
LtvL

)(
)(  

dt

tdv
Cti c )(

)((  

R 

C e(t) 

Vr(t) 

  Vc(t) 

i(t) 

L 

VL(t) 

+ 
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 

א4-2) (W 

)()(
)()(

tetv
dt

tdi
L

dt

tdv
RC c

c  

)()(
)()(

2

2

tetv
dt

tvd
LC

dt

tdv
RC c

cc  

אא 

  )5-2(                  )()(
)()(

2

2

tetv
dt

tdv
RC

dt

tvd
LC c

cc   

אאאאאRLCאא
F2-2EאאK 
  

אאWW 

אEאFא،אאא
אאאאאאW 

 )()(
)()(

2

2

teLtv
dt

tdv
RC

dt

tvd
LCL c

cc 







 

)()()()(2 sEsVsRCSVsVLCS ccc   

)()(]1[ 2 sEsVRCsLCs c   

אאאאאא
אאאאW 

 

         )6-2(                           
1

1

)(

)(
)(

2 


RCsLCssE

sV
sG c  

  
אWאאאא

אאאא،אא
אאאאאאאKs

Kאא 
 
 
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 
3-2   אאאTypes of Industrial Controller 

אא
Kאאאאאא

אאאאאא
Kאאא

אאא
אW 
١ Jאא Discontinuous controllers  
٢ JאאProportional Controller (P-Controller) 
٣ JאאIntegral Controller (I-Controller) 
٤ JאאDifferential Controller (D-Controller) 
٥ JאאאPI-Controller 
٦ JאאאאPID-Controller 
אאאא

אאאאא
אK 

 
  1.3.2אאDiscontinuous controllers 

אאאא
אאKאאא

Kאאאאאא
אאאאא

אKאאאW 
  1.1.3.2אאTwo-position Controller 

אאאא
אא)3-2(K 

 
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 
אFאאpEאא

אאאאאאא،
אאאאאא

אא،אK 
 

 
 

with Hysteresis  Two-position Controllerאא2.1.3.2   
אאאאא

EאFאאאא
אאKאאא

אאאא
Hyesteresis Elementאא

אאאא
EאF4-2(א(K 

 
 
 
 

   אאא   ( 3-2 )  

C 

+ 

_ 

Max

Min

Max

Min

אאא
א


א


א

p

B=C

E 
R 


א

א 
א 
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 
 

 
 
 
 
 

 
 
 

  2.3.2אאContinuous Controllers 
אאא

Kאאאאאא
אWאאאP-ControllerאאI-

ControllerאאD-ControllerאאאPI-Controller
אאאאPID-Controller 

 
  1.2.3.2אא(P-Controller) 

אאF5-2Eא
אאPKאKא 

 
 
 

 
 
 
 
 

  אא(4-2)  א  

C 

+

_ 

אאא
א


א


א

p

B=C

E 
R 


א 

شكل  (2-5) المخطط الصندوقي للحاكم التناسبي  

Kp

א

א

P(s)E(s) 

א

א 
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 
אאאאPKא
אKPK א

אאאאKאאPKאא
אEאFאאאאKא

א W 
e(t)Kp(t) P 

 E(s)KP(s) P 
 )6-2(Pc K

E(s)

P(s)
sG )( 
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 
  2.2.3.2אאI-Controller 
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 
  3.2.3.2אאD-Controller 
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٢ JאKאאא 
٣ Jאאאאא

Kא 
٤ JאאאKאא 

 

  5.2אאFinal Control Elements  
אאאאאא

אאאא
אאאKאא

FאEאאא
אאאActuatorאא

אאאאאאא
Control ValveאאאK

אאאא
W 
١ JאאאPneumatic Actuators 

٢ Jאא Electrical Actuators  
٣ JאאHydraulic Actuators 

 مكيف الإشاره
Signal 

Conditioner 
 حساس

Sensor 
 المتغير المراد

 قياسه
 إشارة الخرج

 طاقه
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 
  1.5.2אControl Valves  

אאאא
אאאאאא

אאאאאאאKא
אאאאאאאא

אאאאאאא
אאאKאאא

אאKאאאאא
אאאא

אאאאאאאא
אאאאאא

אאאאKEאFא
אאאאאאאSensors 
אא PositionersאLimit SwitchesK 

 
 

 
 

)14-2(אאא 

دخول 
 الھواء

إتجاه حركة 
العمود عند 
زيادة ضغط 
 الھواء

اتجاه حركة 
العمود عند 
زيادة ضغط 
 الھواء

الياي يتم تمدده 
 لإتمام عملية الفتح

الياي يتم ضغطه 
 لإتمام عملية الفتح

دخول 
 الھواء
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 
 )14-2  (אאאאאאאא

אאאאא
Kא 

 
  2.5.2אאElectric motors 

אאאאאאאא
אאK

אאאאאW 
 אאDC Motors 

Kאאאאאאא
אאאאאא

אאאא
אאאKא
אאKאא

אאאאEאאאFא
אא Series Motors אאShunt Motorsא

אאאSeparately excited MotorsאאאK
אאאאאF15-2 (א

אאא
Wא 

o אאאField control 

KEאאאFאאאא 
 
o אאArmature Voltage Control 

KאאEאאאFאא 
 
 
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 
 
 
 
 
 
 
 

 
)15-2( 

 
o אאAC Motors 

אאאאא
אInduction MotorsאאKאאאא

אאאאSynchronous MotorsאאאK
אאאא
Kאא 

o אStepper Motors 

אאאאאא
אאאK

אאאאאאאא
אאIncremental MotionsKאא

אאאאאאא
אאאאאאKא

אאאאאא
אאאאאא
אאאK 

 

ملفات المجال العضو الدوار (المنتج)

الفيض المغناطيسي ØVt 

VF 

Eb 

سرعة 
محرك ال N 

 جھد المنتج

جھد المجال
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 
אאאDrive 

Circuitsא  אא
Kא 

אאאא
אאKאאאאא

אK
אאאKאאאאאא

אאאPhasesKאאא
אTeethאKאאא

Kאאא 
 

 
                                                  

 
אאאאאאא

א٩٠אK
אאאאא

Kאאאאא
Kאאאאאאאא 

 
 

 
 
 

 
 
 
 

)16-2( אאאא 

العضو الدوار

العضو الثابت

N

N

N

N

N

S

SS

S

S

IA=max 
A 

A'

B'

B

אאZ  

אאא  x אא 

360º 
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 
 

١ JאWאאאא 
E  אK 

E  אאK 

אEא. 

Kאد )     
EאאK 

٢ JאW 
E  Kאא 

E  Kאא 

E  Kאא 

٣ Jאאא
K 

א JאאאאK 
 Jאאאאאאא

אK 
 Jאאאאאא

א 
٤ Jאאאאא

K 
א JאאאאאK 

 Jאאאאאאא
אK 

 Jאאאאאא
אKא 

 
  
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 
 

 
 
 
 

 
 
 

 
    

אאאאאא
אאאא  
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אאW 
אאאאאא

Kאאא  

אאאW 
 

١K  أن يحدد المتدربKאאא 
٢K  أن يحدد المتدربKאאאא 
٣K  أن يحدد المتدربKאא 
٤K  أن يحدد المتدربKאאאא 
٥K  أن يحدد المتدربKאא 
٦K אKאאאאאאא 

 
 

  
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 
 

  
אאאאאאא
אאאאאא

Kאאאאא
אאאאאאאא

Kאאאאאא
אאאאא

אאאאאאאאK
אאא
אאאאאא

אאא
Kאאאאא 

אאאא
אאאאאאא

אאאKאאאאא
אאאא
אאאאאא

אאאאאKאאא
אאאאאא

אא 
אאאאאאא

Kאאאאאא
אאאאא

אאאאK 
 
 
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 
1-3Wאאא 

אאאאאאא: 
 אאStep Function 

 אאאRamp FunctionK 

 אאEאFAcceleration FunctionK 

 אא Impulse Function  

 אאאSinusoidal Function K 

Wאאאא 
١EאאStep FunctionW 

אEאFאאא
REF)١-٣(،

Wאאאא 
   )1-3(                        )()( tRutr   

 
Rאאu(t)Wאא 

 
                )٢- ٣(









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)(
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tu 

 

 
)١- ٣(Kאא 

אאWאא 

)٣-٣(
s

R
sR )( 

 
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 
٢EאאאRamp FunctionW 

،אאאאאא
אאא)٢-٣(

אאאאא
אWאא 
 

)٤-٣(








00

0
)(

tfor

tforRt
tr 

 

 
F٢-٣KאאאE 

 
אאWאאא 

 

)٥-٣(2
)(

s

R
sR  

 

٣EאאAcceleration FunctionK 

אאאאא
)٣-٣(אאא،

WאאאאKאאאא 
 

  )٦- ٣(
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 

 
 

 )٣- ٣(Kאא، 
אאWאא 

)٧-٣(3

2
)(

s

R
sR  

 
٤EWאא 

אאאEאFאאאאא
אאאאאאאא

Wאא 
)٨- ٣()sin()( tRtr  
 

RאאZKא 
ωאאאZ(rad/s)K 

Fא٤-٣אאאאETאאאK 

 
F٤-٣،EאKאא 
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 
Wאאאא 

)٩-٣(22
)(






s

sR 

 

3-3אאאאStep Response W 
אאאאא

אאאאאאאאC(s) 
אR(s)אאא

Wא 
١ J אKאא 

٢ J אאאאאאא
K 

٣ J אאאאK 

٤ J אאKא 

אאאאאאאא
אאאאאא

אKאאאא
אאאאאאאאא

Kא 
3-31-אSystem's Order  
אSאאאKא

אאאCharacteristic 

equationKאאאאאאא 
 
3-32-אאאאאKאStep Response 

אאאאא
אאWאאא 
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١K אאאאאאK

c(t)Kאאאא 
 

)١٠- ٣()()(
)(

tKrtc
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tdc
 

 
W 

τWאאK 
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r(t)WKא 

c(t)WFאKEאא 
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Wאאאא
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)0(
s
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
א

Wאא 
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Wא 
)١٣-٣()1(
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


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אאאאאRW 
 

                  )١٤- ٣()1()0()( //  tt eKRectc   
 

 
אc(t)אאא
אאK٥-٣( א(א

אאאאאאא
c(0)=0K 
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 

 
)٥- ٣(אאאאc(0)=0K 

 
אא٢}٩٨٪4τ،

אאτאאאאK٢EF٪
Kאא 

 
1-2-3-3אאK 

אאWאא 
١ JאאτW 

א    א א    א  
  Kא     א 

dt

tdc )(c'(t)א 
אא 
٢ JאאtsK 
אאאא٩٨W،א٪ 

C 

c(ts)=0.98Css 

 2 
t 

  

  

ss = KR  

c(τ)=0.63Css 
 

 

3 4 
0  

c(t)
 
 

ts
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 
       )١٥-٣(4st 

 
٣ JאאאCss K 
W،אא 

 

)١٦-٣(
KRC

tcC

ss

t
ss






)(lim 

٤ JאKK 
אאאאr(t)

Kאאא 
           )١٧-٣(                                        

R

C
K ss  

 
2-2-3-3 אאאאאK 

אאאאאא)١٤-٣(
W 

١ J אאtransient response 

٢ J אאאsteady state response 

אאאW 
t)(C(t)CC(t) sstr  

W 
t)(C trאZאFresponsetransient E 
t)(C ssאZאא)response statesteady E 

אאאאאSteady-state Response 

אאאאאא
אאאאא

א 
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)١٨-٣(KRCss  
 

אאאאTransient Response  
אאאאאא
א 

                )١٩-٣(                                 
tt

tr eKRectC




 )0()(  

1-3 
אאאאאW 

 

0)0(

)(20)(4)('2




c

trtctc 

אאאאאK 
אK 

١K אאאאאא
4c(t)אWא 

)(5)()('5.0 trtctc  
Wאאאא 

Wא5.0א 
Wא5K 

٢K ،אא1R=א
אאא(c(0)=0)،W 

t

t

etc

etc
2

5.0

55)(

)1(5)(






 

٣K אW 
 

 Wאאא 5ssC 
 Wאא t

tr etC 25)(  
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3-3-3Wאאאא 
אאאאWאאא 

١K אאאאאאא
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)٢٠- ٣()()()('2)(" 22 trKtctctc nn   
 
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K 
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)()()2( 222 sRKsCSS nn   
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 
אאאאp1p2

אאαnא
W 

  
  

1-3-3-3 אאאWאאFEOver Damping 
 אα>ωnאאא

K   
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אאאאא
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  2-3-3-3אאWאאF=KECritical Damping 
א=n=א

אאK  

2,1pnp 2,1 
אאאאא

אאאאאאRאא
Wאא 

)٢٤-٣( t
n

netKRtc   )1(1)( 
 

  3-3-3-3אאWאאF<KEUnder Damping 
אα<ωn<אאא

א 
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 
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222 1   nnd 
אאאאא

אאאאאאRאא
Wאא 

)٢٥-٣( 

























t
e

KRt d

tn

c sin
1

1)(
2 

 
W 

 

 
 

٦-٣(א(אאאאאא
אא،(Un-damped)א

W 
١ J Wאאאאאאאא

Kא 

٢ J Wאאאאאאא
Kאאאאאא،א 

٣ J Wאאאאאאאא
Kאאאאאא 

 
 
 
 





 1
2

1 cos
1

tan  












 

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 
 

 
)٦-٣(אאאא 

 
 

 
2-3 

אאאאאא
אא 

 
אאאא 

 




,0)0(')0(

)(2)(4)('4)("
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0
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c(t )

0

1

0  

 
 

=1 
 

> 
א

=0 
 









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 
 

W 
E  א 

E  א،אK 
E  אK 
E  אKא 

Wא 
E  אאאאא

אאאאא
אאW 

c(t)א2442  nnn  
Ec'(t)א=1 242  

αnωF=1EאKא 
אR=1 

EWאאאאא 

5.0
4

22
2 2

2  KKKK
n

n 
 

WאאאE 

 t
n

netKRtc   )1(1)( 
 אאאאK 

 tettc 2)21(15.0)(  
3-3 

אאאאאא
אאௗమ	௖ሺ௧ሻ

ୢ୲మ
൅ 34.5

ୢୡሺ୲ሻ

ୢ୲
൅ 1000ܿሺݐሻ ൌ ሻݐሺݎ1000 

                           ܿሺ0ሻሖ ൌ 0,							ܿሺ0ሻ ൌ 0 

אאאא 
 








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 
W 
Eא 

Eא،אK 
EאK 
EאKא 

Wא 
Eאאאאא

אאאאא
אWא 

c(t)א 
62.31100010002  nnn  

Ec'(t)א 
545.025.175.342   

αnωF< 1 EאאK 
אR=1 

WאאאאאE 

1
1000

1000
2

2  KKK
n

n 
 

אאEWא 

 

























t
e

KRt d

tn

c sin
1

1)(
2 

 
 rad.߱ୢ ൌ 21  =ඥ1 െ ሺ0.546ሻଶ ൌ 26.5. 

אאאאK 
 )994.05.26sin(193.11)( 25.17   tet tc 

 
 

.994.09.56)545.0(coscos 11 rado   
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 
אאאW 

t)(C(t)CC(t) sstr  
Wt)(C trאZאFresponsetransient E 

t)(C ssאZאא)response statesteady E 

אאאאא،
אאאא

אאK 
 

4-3-3-3אאW 
אאאאא

אאאאKא
אאאאאאא

Kאאאאאאאא
Kא 

אאאאא
אאאאאKאא 

 
١K א tdW 

אא٥٠אא٪Kא 
٢K א trW 

אאא١٠٪א٩٠א٪K 
 

)٢٦-٣(
d
 

rt 

 1cos 
٣K Cp  W 

אK 
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 
٤K אtpW 

אאאא،
Wא 

)٢٧-٣( 
٥K אאtsW 

Fאאאא٢٪٥E٪ 
٦K MpW 

)٢٨-٣( 
cpcssאאK 

 
 

 
 

M p

c( t) 

0 

1.0 
0.9 

0.1 

0.5 
td

tr 
t p

t s 

±0.05
o

±0.02

)٨ - ٣(אאאא  

21/   eccM ssp p 

2
n

22
n 1 



 







p t 
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 
٧K אאאאאאW 

 

)٢٩-٣( 
 

٨K אאSettling time 

)٢٩- ٣( 4t s  
 

4-3 
אא6.0אrad/sec 5n אא

אאאW 
 JאFrtE 

 JאFptE 
 JאאFstE 
 JFpME 

 
Wא 
אאאאאאאW 

rad 93.0
180

13.53

13.53)6.0(cos)(cos

rad/sec 46.0151
11

22















 nd

 

 J  אrise time 
sec 55.0

4

0.93-3.14
 t r 




d
 

 J  אpeak time 

sec 785.0
4

3.14
 t p 

d
 

 

2
n

22 
n 1  d 
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 
 J  אאsettling time 

 

     sec 33.1
3

44
t s 

 
 

 Jmaximum overshoot 

0.095
14.3)

4

3
()(




eeM d
p





 
 

Wאא 
 

%5.9100095.0 pM 
  



EFאא 
 

אאאא 
 

 
104 

 
 

١K Wאאאא 

 
W 

E  אאK 
E  אK 
E  אאK 
E  אאאא 

 
٢K אאWאאאא 

 
W 

E  אאK 
E  אK 
E  אא 

E  Kאאאא 

 
٣K Wאאאא 
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E  אא،אK 
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 
E  אK 
E  אKא 
E  אאאא 

 
٤K Wאאאאא 

 
W 

E  אא،אK 
E  אK 
E  אKא 

 
٥K Wאאאא 




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W 
E  אא،אK 
E  Kא 

E  אKא 
E  אאK 

 
٦ Jאאא8.0אrad/sec 6n 

אאאW 
 JאFrtE 

 JאFptE 
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 
 JאאFstE 
 JFpMEW 

 
٧ Jאא 
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 

K  אאא 

K  א 

K  אאא 

K  אא 

 
٩ Jאא 
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 

  אאא 

  א 

  אאK 

  אא 

 
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  

אאאאאאאא
אאאאאא   
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 

אאW 
Kאאאאא 

אאWא 
١K אאאאK 

٢K אאאאאאאK 

٣K אא 

٤K אאאא 

٥K אאאא 

٦K אאאא 

٧K אאאאא 

٨K אאאאאא 

 
 

  
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 
  1-4אאאClosed-loop Control 

אאאאא
אאאאאאא

אאאאא
Kאאאאאאא

אאFeedback Control SystemsK 

 
 
 

 
 
 
 

 

 
 

F1-4אאאEblock diagramא
،אאאאאא

א)E(אאcontrollerאא
אאאאאאplant

אאאאKאא
FאEא

אאאאKא
אאאאאא
אKא

אאoperational amplifierאא
אK 

F1-4KאE 

الحا

א א א

א
א

 الأمر
 الخرج

R(s) E(s) C(s) 
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 
אאאא

FEא
אאאאאאאplant K

אאאאאאאאאא
אאאאאאאאא

אאאאאK
אאאאאאאא

אKאא 
 

 2-4אאאאאאא 
אאאאאא

אאאאאא
אאאאKאאא

Wאאאא 
 אאK 

Kאא 

 אK 

אאאאא
Kאאאא 

 Kא 

אאאאאאא
K 

 Kא 

אא
Kא 

 
 
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 
 3-4אאאא 

אאאאא
Kאאא

אאאאא
אאאאא

אאאאKאא
אאאא

אאאאאאאא
אאאאKא 
אאאא

אאאאאא
Kאאאא
אאאאא

אאאאאאא
אאאאאאא

אKאא
אאאKאא 

 
 4-4אאא 

אאאאא
אKאאאא

KאאEאFאאא
אאr(t)b(t)r(t)אאb(t)

אאאאc(t) K 
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 
W = Gp(s)  אאאאא 

Gc(s)                     =אא 
אאאFH(s)=1Eאא
W 

F1-4E)()()( tctrte  
אאsאאאא

 
F2-4E                              )()())( sCsRsE  

אאאאGc(s)Gp(s)
 

C(s)=Gc(s)Gp(s).E(s) 
 

G(s)Fא2-4E 
  

)()()()())( sEsGsGsRsE pc  

  

(3-4))())()(1)(( sRsGsGsE pc  

 
אWאא 

 
 

F2-4א(א 

C(s) R(s) E(s) 
Gp(s) 

r(t) c(t) 

Gc(s) 
P(s)

p(t) e(t) 
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F4-4E                         )(
)()(1

1
)( sR

sGsG
sE

pc












 

 
 5-4 אאא 

אאאאאאא
אאאאא

אR0 
Wאאאאא 
p(t)=Kpe(t) 

אא 
P(s)= KpE(s) 

Wאאא 
F5-4E                                              pc K(s)G   

אא 
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R
sR 0)(  

אאאאאWאא 
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אWאא 
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אאאאאא 
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אF8-4אאאEא،
אאאא،

אאאKpKאא
Kאא 

3-4)(אאאאאא
אאאMatlab Simulink 
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 
 

١ Jאא 

W 
Eאאא 
Eא 

Eאאא 
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E  אאא 

Eא 

Eאאא 
 
 
 
 
 
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٤ Jאאא 
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 
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Kאאאא 

 
 
 
 
 
 

  
  

٦ JWאאאא 

Eאא 

Eאאא 
Eא 
Eאאאess 

  
 

 
 
 

٧ JאאאWא 

Eאא 

E  אאא 
Eא 
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 
 

 

 
 

  


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 
  AC Motor 

  Actuator 

  Analog 

א  Armature 

א  Automation 

  Block Diagram 

  Bode Diagram 

  Cascade 

אא  Characteristic Equation 

  Characteristics 

  Chart Recorder 

  Closed Loop 

  Compensator 

  Control system 

  Control Valve 

אאאא  Controlled Variable 

  Controller 

  Critical Damping 

א  Cutoff Frequency 

  Damping 

  DC Motor 

א  Delay Time 

  Derivative 

  Derivative Controller 

  Design 

  Digital 

אא   Disturbance 
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،  Dynamic 

  Error 

  Feedback 

  Feedback Path 

אא  Final Control Element 

  Flow Meter 

  Flow rate 

  Forward Path 

א  Frequency Response 

  Gain 

א  Gain CrossoverFrequency 

א  Gain Margin 

  Hydraulic 

  Input 

  Integral 

  Integral Controller 

  Lag Compensator 

  Laplace Transform 

  Lead Compensator 

  Level 

  Magnitude 

  Manual Control 

  Matrix 

  Motor 

  Open Loop 

א  Oscilloscope 

  Output 

א  Over Damping 
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  Overshoot 

א  Parallel 

א  Peak Time 

א  Performance 

אא  Permanent Response 

א  Phase Crossover Frequency 

א  Phase Margin 

אא  Phase Shift 

،א  Pneumatic 

א  polynomial 

א  Potentiometer 

  Process 

אא  Programmable Logic Control 

  Proportional 

  Proportional Controller 

  Reference Input 

א  Resonance Frequency 

א  Response 

א  Response Curve 

א  Rise Time 

  Root 

  Sensor 

א  Series 

א،א  Set Point 

אא  Settling Time 

א  Signal Conditioning 

א  Signal Conversion 

  Simulation 
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 
 

א  

 
 
 
Specification 
 

אא  Stability 

אא  Stability Criteria 

א  Step Input 

א  Stepper Motor 

  Summing Junction 

  System 

،א  Tachometer 

  Take off Point 

אא  Time Constant 

א  Time Domain Response 

  Transducer 

א  Transfer Function 

א  Transient response 

א  Two Position Control 

  Underdamping 

א  Unit step 

  Unity Feedback 

 

  
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אא 
 

אא א 
Modern Control System, Edison Wesley, 

1990 
R. C. Dorf 

Control System Design, Saunders College 

Publishing, 1993. 
C. T. Chen 

Feedback Control System, Prentice Hall, 

1990. 
John Van De Vegta

Automatic Control Systems, Prentice Hall B. Kuo 
Process Control Instrumentation Technology, 

Prentice Hall, 2002 
Johnson, C. D 

Introduction to Control Systems Technology, 

Prentice Hall, 2002 
Bateson, R. N. 

Modern control Engineering, Prentice Hall, 

1997 
Ogata, K. 

Modern Control Systems, Addison Wesley, 

1998 
Dorf, R. C. and 
Bishop, R. H. 

Introduction to control system technology;7th 

edition1993 
Robert N. Bateson 

א،א،  אא

،אאא١٩٩١
א 

 

 



EFאא 
 

אאאא 
 

 
131 

 

 

אא א 
אאאא Jאא 

אK–א
–א 

אא–١ Jא

א Jאאאא– J١٩٨٧ 
אאאK 

  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

    


