
 


 

  

 

  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 

٢٤٢٢٤٢  



א       ٢٤٢אא         



 

 

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

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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אK


 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
אK

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



א       ٢٤٢א         



 



אאא
אא،אא،،

א?W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אK
אאאא
אאאאא
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


אא(Automatic Control Systems Technology)
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W

،אאא
،א 

،אא
،אאאא 

،אא 
،א

אאא 
אאKK 
אאאא

،אאאא،W 
،אא

א،אא
• אאKKKK

אאאאאא،
אאאאא

א (Transportation Systems)אאא(Urban Planning)א
(Environment)KKK



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אאאאW








אא

،א،אאW
qinWאאאא(input flow rate)

qoutWאאאא(output flow rate)
RinWא(inlet valve)

RoutWא(outlet valve) 
אאאאK 

אאWאאManual Control
א،אא

אאאאאFאEK 


 








q
(t)

q �in

א١J١Wא

١אJ٢Wאא
h



א٢٤٢אאא
אא


 

  - ٤ -  

אאאאאW
אאאא(Process to be controlled)Wאא

א،א،אא،אאאK
א:(Sensor)אאאאאאא

FאhEאאא،K
א(Comparator)Wאאאאא

אאאאאK 
א(Controller)W،אאאאא

אאא،אאאאK
א(Actuator)Wאאאאא،א

،א
אא(Final Control Element)אא

אאאאK


אאWאאMechanical Control
אאא،אאK،אאא

אאאאאא،אKאא
א(Mechanical Control)،??،

K??אאא،
K 







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אאאאFאWPneumatic 

ControlEאא،FWHydraulic ControlKE








אאWאא(Electronic Control)

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אK
אאא،אאK
אאאאאאא

אא،אאאא
אאאKא١J٤K

١אJ٣Wאאא 

h

qi
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











אאאW
אאאא(Analogue)Wאא

א١J٦K






א
א

١אJ٦אא
א


 

א

١אJ٤Wאאא  

א

q
( )

q
( )

א

א
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אאא(Digital)،אא
אא١J٧K












אאאאאאW

אא(Analogue Control Systems)Wא
אאK 

אא(Digital Control Systems)W،א
אאא(Computer Control Systems)א

אאK 
אאאאאאאאאW

אאא(DDC: Direct Digital Control)W
،אאאאאK

אאאא(SCADA: Supervisory Control and Data 

Acquisition)Wא(Monitoring)אK
אאאK

אא(DCS: Distributed Control Systems) 
אאא(PLC: Programmable Logic Controller:)Wא

אא(sequential)Kא

١אJ٧אא

א
א

א



א٢٤٢אאא
אא


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א،א،א،
K 

 

א System

אאK
אאאאא،١J١Kאא

א،אאא،א،א
אאאK

א(Control System) W
אא

אKא،אא
אאאא١אJ٤Kאאא

אא،אאאאאא
אאK

א
אאאאאK

א
אאאאאאK

،אאאא?Signal?،
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
Kאאאא،אאאאא
אqin אאh(t)אK





א٢٤٢אאא
אא


 

  - ٩ -  

אW
אאאאK

אאKאאאאK
אאW


אK 

אאאK 
אאאK 

א،א،א،אK 
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


אאאאא
 אאאאאא
 אאאאא

אאאW 
DDC
DCS
SCADA
PLC 

 
אW

א
א

א
א 






 



 

 



אא  

 

  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

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







٢
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אאW


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 

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
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אאK

אאBlock Diagram
אא،אאאאא

אאאאFאאKE،אא
אאאאאאאK

،אאאא٢J١K







אא(take off point)א٢J٣
(summing junctions)א٢J٢









א

In
put �

א

O
utput �

אSystem�

٢אJ١אא

�

y
�

٢אJ٢

Z=±x±

٢אJ٣
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

٢Jא ١אאאא٢J٤ 








אW
אאאאאאאאאא،

אא،אW









א،א
אאאאK

q
(t)

�

٢אJ٤א

h(t
) �qi

n(t) � אSystem�

٢אJ٥אאא
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

٢J٢ אאאאאא
٢אJ٦ 

 












אW
אאאFאאr(t)E،

א،אאאאאאh(t)K
Wאאא







א(Subsystems)W
• ،אאאא،אאאאא 
• ،אאאא،א 

٢אJ٦ 


FE

א

א
א

q
( ) א

r(t
) �

h(t
) �

٢אJ٧אאאא

א



א٢٤٢א אא 
א


 

  - ١٥ -  

• אא،א 
• אאFאאKE 

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W








 



Laplace Transforms
אאאאאא

אKאאt،א
sאσ+jω،W

∫
∞

−==
0

)()())(( dtetfsFtfL stF٢J١E

L(f(t))f(t)

( ) א א א

א

( )

٢אJ٨אאאא
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

אאא
אW 

אAW

⎩
⎨
⎧

<
≥

=
00
0;

)(
t
tA

txF٢J٢E


W







،אW

∫∫
∞

−
∞

− ==
00

)()( dtAedtetxsX stst
 

s
Ae

s
AsX st =

∞
−= −

0
)(  

אאA=١،u(t)
א،אW

s
AsU =)( 

א
אאW
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⎨
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0;)(

t
tAetx

at
F٢J٣E

א،אF٢J١WE



א٢٤٢א אא 
א


 

  - ١٧ -  
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)()( dtAedteAedtetxsX tasstatst
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Ae

as
AsX st

−
=

∞

−
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אF٢J١EK
 

א
אאאא

אאאK
• אW 

)()()()(( sbGsaFtbgTafL +=++F٢J٤E
)())(( sFtfL =)())(( sGtgL =

אאאK
• אאW

،אא
אאאK

L(f'(t))=sF(s)-f(٠)F٢J٥E
אאF٢J٥EאW

L(f''(t))=s٢F(s)-sf('(٠)-f(٠) F٢J٦E
א?Wאאאs

K?
٢J٣ אא

אא،
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∫=
t

dtt
0
1،אאא

אW∫=
t

dutr
0

)()( ττאא،
))((())(( trsLtuL =))((1))(( tuL

s
trL =

،אאW

2
1))((

s
trL =F٢J٧E

• אאאTime Shift W
)()(( sFeTtfL sT−=− F٢J٨E

• אאאFinal Value TheoremW
א)(lim ssF

s ∞→
אאאא

f(t)אW
)()0( lim ssFf

s ∞→
=F٢J٩E

• אא(final value theorem)W
א)(lim

0
ssF

s→
אאא

f(t)אW
)()( limlim

0
ssFtf

st ∞→→
=F٢J١٠E

אF٢J٢EאK

אא Transfer Function
،אאאאW



א

א
א
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
א،אאא

Kאא






אאא،אאא
אאאא،אK

אאא
אא

אאאאאK 
• אאProportional System 

o אאWא،אא
אW

y(t) = Kx(t)F٢J١١E
 KאK

o אאאWאאא
אאW







 

א א
אא

٢אJ٩אאא

x(t
) �

y(t
)�K

٢אJ١٠אאא
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o אאאW،אאא
אF٢J١٢KE

))(())(( tKxLtyL =
אא

Y(s) = KX(s) 
אאאאאא

K
sX
sYsG ==

)(
)()(

٢Jא ٤אאאאRC אW 

R2

R1
+

-
e v2

+

-


אW

אאאאv٢e W
e

R
R

v
1

2
2 =  

א
)()(

1

2
2 sE

R
R

sV =
 

Wאא

1

22
)(
)(

R
R

sE
sV
= 

אאאאא
 





• אאDerivative System 
o אאWאא،אאW

x(t
) �

y(t
)�

1

2
R
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dt
tdxty )()( =F٢J١٢E

o אאאWאאא
אאW







o אאאW،אאא
אF٢J١٢KE

))('())(())(( txL
dt

tdxLtyL ==
אאW

Y(s) = sX(s) 
אאאאאא

s
sX
sYsG ==

)(
)()( 

 
אאאsK








٢אJ١١אא

dt
dx y

x y
dt
d  X Y

s

٢אJא١٢אאאs
 
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
٢J٥ אאאאאRC אW 

+
eo
-

+
ei
-

R

C

+

-


אW

אאאאei eoW
)'(eiRC

dt
deiRCeo −=−=  

אאאא


)()( sRCsEisEo −=
 

אאW
RCs

sEi
sEo

−=
)(
)( 


אאאאא

 




• אאIntegral System 
o אאWאא،אאW

∫=
t

dxty
0

)()( ττF٢J١٢E
o אאאWאאא

אאW 
o 

x(t
) �

y(t
)�

RCs−
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





o אאאW،אאא
אF٢J١٣KE

))(())((
0

ττ dxLtyL
t

∫=

 yxxyאא
)()( ssYsX =

אאאאאא

ssX
sYsG 1

)(
)()( == 

 
אאאsK








٢אJ١٣אא

∫
x y

x y
∫X Y

s
1  

٢אJ١٤אאא
אs 
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
٢Jא ٦אאאאRC אW 

+
eo
-

+
ei
-

C

R
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-


אW

אאאאei eoW


∫−=
t
eidtRCeo

0
 

 
אאאא


)(1)( sEi

RC
sEo −=

 
אאW

RCssEi
sEo 1
)(
)(

−= 





אאאאא
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אSystems Interconnection
אאK


o אאא Series Connection 

،אאאאא
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אאאאאאאאא
אאאאFאאאאאאKE 
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v(t)

-

+
 + vR(t)-

e(t)
+

-

C

R




 אאאא
 אאאא

JאRCW









JאאאMF(t)،x(t)אאK  


 

0 x(t)

F(t)

M




J،q(t)אאT،אאאאTa
אאאK

 

R

T,C Taq(t)




אא 
J x(t) = ١٠،t≥٠ 
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J x(t) = �١٠،t≥٠ 
J x(t) =�٣t،t≥٠ 
J x(t) = ٢t،t≥٠ 
J z(t)=e٥t،t≥٠ 
J z(t)=١٠e�٧t،t≥٠ 
J x(t)=٢sin٣t،t≥٠ 
J y(t)=١٠Cos٥t،t≥٠ 
J v(t)=eatCos ωt،t≥٠ 
J w(t)=eatsinωt،t≥٠ 


אאאW 

 Jא


 
 
 


J




 
 

אאאאאאא
אF٢אJ١٥E 

١

s
+٣

s

١

R
�

C(s)�

C(
t) R(

t) 

٢
٥}٠s

H١ 

١
١}٠s

H١ 

١
٠ 
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אאאW 

 





 

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

١
s+١ 

s+٥ 



 

 



אאאאאא  

 

  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א

א



א




٣
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אאW
אאאאW

١K אאא 
٢K אאאא
٣K אאאא 
٤K אאאא 
٥K אאאא 
٦K אא 
٧K אא 
٨K אאא 
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
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אאאאK

،Kאאאאאא،אא

אאFirst Order Systems
אאאRCאאא

٣J١

٩K אאא 
• K













אאאאW
)()()( tetvtvr =+F٣J١E

אאאאאW

)()( tRitvr =F٣J٢E

אאאאאW

٣אJ١אRCא

+

-

v(t)e(t)

R

C

 +  vr(t) -
+

-
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)(')(( tCvti =F٣J٣E

אF٣J١EW

)()()(' tetvtRCv =+F٣J٤E


אF٣J٤EאאאRCאא٢J١

אאK
١٠K אאאW 

א،אאא٣J٤
))(())()('( teLtvtRCvL =+F٣J٥E

L(e(t))=E(s)L(v(t))=V(s)،
،אL(v'(t))=sV(s)א٣J٥

)()()( sEsVsRCsV =+F٣J٦E

אאאW

1
1

)(
)()(

+
==

RCssE
sVsGF٣J٧E

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

אKאאאאKאא
אsאאK


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אאאא
אאאאאאא 

)()()(' tGxtyty =+τF٣J٨E

W
x(t)Wא 
y(t)Wא 
τWאא 

GWא 
אאאF٣J٨WE

אy(t)١K،א 
אx(t)אG، 

אy'(t)אאτ 
 

אאאא
אאאW

1)(
)()(

+
==

s
G

sX
SYsG

τ
F٣J٨E

 

אאאא
אאאW
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t
tE

tx

אW 

)1()( //
0

ττ tt eGEeyty −− −+=F٣J٩E


y(٠)=y٠אאאFאאאE 

Eאא 
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אאאW

















 

• אאא
אאאOutput Steady State Valueא

אא٣אJ٩
אtF∞E 

 
)(lim tyy

t
ss

∞→
=F٣J١٠E

אאTime Constant،אא
אF٢J٩Eא�١

 

t
٠

٥}٠

yss
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٠

y(t
�

٣אJ٣אאאא
y٠=٠ 
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אאאאy(t)t=τ
FאאאאE

ssyGEeGEy 63.063.0)1()( 1 ==−= −τF٣J١١E

אא Settling Timeאאא٩٨٪
،אאW

τ4=st F٣J١٢E

אGain Coefficient 
• אאאא

E
y

G ss= F٣J١٣E
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אא 
א 

אy(t)  
אאא 

 אא
א
١K אאy' 

1.0=τ  
٢K א 

אאאy(t)y'(t)=٠ 
אxyss 2=א

2==
x

y
G ss

٣K א 
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אF٣J٩EאWG=٢،y٠=٠ ،E=٥


)1()( //
0

ττ tt eGEeyty −− −+=
)1(10)( /τtety −−=

٤K אאא 
10)(lim ===

∞→
GEtyy

t
ss

٥K א 
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











אא٣אJ٤אאא
،אAאאRK 

אW

אאאאאא
אאאאאאאW

)()()( tqtqtq osi +=
W

y(t) 
t

{١} ٢}٣}٤ 

٠ 

١٠ 

h(t) 

٣אJ٤

q

q
(t)
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١١K qi(t)Wאאא،
١٢K qs(t)Wאאאאאאא

dt
tdVtqs
)()( =אאא،F)()( tAhtV =E

dt
tdhAtqs
)()( =

١٣K qo(t)Wאאא،)(1)( th
R

tqo =FE 

  )()(1)( tqth
Rdt

tdhA i=+אR

)()()( tRqth
dt

tdhAR i=+F٣J١٤E

אאאאאא
W

)()()( tRqth
dt

tdh
i=+τF٣J١٥E

אאAR=τאא،
אK
אF٣J١٥EאאאRCאF٣J٤E

אאא،אאאא
אאAאCא،

אאאK
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אאSecond Order Systems
KאאאLRCאאא

٣J٤

١٤K אאא 
KאאW

)()()()( tetvtvltvr =++F٣J١٦E

W
)()( tRitvr =

)(')()( tLi
dt

tdiLtvl ==

)(')(( tCvti =
אF٣J١٦Evr(t)،vl(t) i(t)W

)()()(')('' tetvtRCvtLCv =++F٣J١٧E

F٣J١٧EאאאRLC
אאK

١٥K אאאRLCאW 

٣אJ٤אRLC א

v(t)e(t)

 + vl(t)- + vr(t)-

-

+

R L

C
+
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א٢٤٢אאא
אאא
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א،אאאF٣J
١٧KEL(e(t))=E(s)L(v(t))=V(s)،א،

L(v'(t))=sV(s)L(v"(t))=s٢V(s)א٣J١٧
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)()()()(2 sEsVsRCsVsVLCs =++F٣J١٨E

)()(]1[ 2 sEsVRCsLCs =++F٣J١٩E

אאאW
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RCsLCssE
sVsGF٣J٢٠E

אאאאK
אאאאא،

אאKאאאאא
אאKא،אאs

אאK
אאאא

אאאאאאא 
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W
x(t)Wא 
y(t)Wא 

GWא 
ω٠Wא 
αWא 

אאאF٢J٢١WE
אy(t)١Kא،אא

 
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אx(t)אG، 

אy'(t)
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אאy"(t)אא
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אאאא
אאאא
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אאאא
אאאאאא

EאאאאאW
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y٠ y'٠אאאK
אאא

אאאF٣J٢٢E
02 2

0
2 =++ ωαssF٣J٢٣E

אF٣J٢٣Eאאs،
אαω0

אאα>ω0W 
אאW 
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2,1 ωαα −±−=r

אאאW
trtr BeAeGEty 21)( ++=
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אאא
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אאאאא
א،א٣אJ٦K

 
אאαZω0W 

אאW 

α−== 21 rr
אאאW

teBtAGEty α−++= )()(


אאאאא
א،٣J٧

 
אאα<ω0W 

אאאW 
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02,1 αωα −±−= jr

אאאW
)sin()( φωα ++= − tAeGEty d

t
W

١٦K 22
0

αωω −=dWאאDamped Frequency 

١٧K 
nω
αφ 1cos−=

אאאא
א،٣J٨K


Wα=0אאאאאא،W 

02,1 ωjr ±=
אW

tAGEty 0cos)( ω−=



א٢٤٢אאא
אאא


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א(No Damping)א
א(Sustained Oscillation)

٣אJ٩K
אאאאABא

אא(y(٠), y('٠))K



א٢٤٢אאא
אאא


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













١ ٢ ٣٣אJ٦א 

α>ω0 
y(٠)=٠), 

t 

G
E 

٣אJ٧

αZω0 
y(٠)=٠), 

G
E 

t 
٠ 



א٢٤٢אאא
אאא


 

  - ٥٠ -  
















٣J٨ 

α<ω0 
y(٠)=٠), 

'( )

E

(t)

٠ ٣אJ٩א

αZ٠ 
y(٠)=٠), 

'( )
(t)



א٢٤٢אאא
אאא


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 ٣J٤EאRLCFאאאא
אW

אאאRLCאאאF٣J١٨E
אאאאאאאF٣J٢٢Eא

LC
1

0 =ωא
L
CR

2
1

=α


אאF٣אJ١٣EאM
K،(Damper)אBKא

)F(t
אW

אא،אא
אאאא

،אW

2

2 )()(
dt

txdMFFtFF BK =−−=∑F٣J٢٤E

W
١٨K FKWאאאאFK=Kx(t) 

١٩K FBWאא
dt

tdxBFB
)(

= 



)()()()(
2

2
tFtKx

dt
tdxB

dt
txdM =++F٣J٢٥E

B 
F

x

٣J١٤



א٢٤٢אאא
אאא


 

  - ٥٢ -  

אW
)(1)()(')('' tF

K
txtx

K
Btx

K
M

=++F٣J٢٦E

אאאאאF٣J١٤E
אאא،،

אאאאא
אאאא،

K
אאF٣J٢٦Eאאא،RLCא،

F٣J١٨KEאF٣J٢٦Eאאא
א،אW

)()()('2)("1
2
0

2
0

tGxtytyty =++
ω

α

ω


א
M
K

=0ωא
M
B

2
1

=α


אאאאא

(Noninteracting Two Capacity System)א
٣אJ١٥K

אW
٢٠K אאאW

)()()( 11
'
11 tqRthth i=+τ



א٢٤٢אאא
אאא


 

  - ٥٣ -  

 


٢١K אאאW

)()( 111 tqRth =


)()( '
11

'
1 tqRth = 

٢٢K אאאW
)()()( 122

'
22 tqRthth =+τ

[ ])()(1)( 2
'
22

2
1 thth

R
tq += τ[ ])()(1)( '

2
"
22

2

'
1 thth

R
tq += τ

אאאq١(t))('
1 tq

אW
)()()()()( 212

'
221

"
221 tqRRththth i=+++ ττττ




אאאאא٣J١٦W 


R

qi
(t)

h

q

q

h
٢(t) 

q
o(t) 

٣אJ١٥א

R

222

111
AR

AR
=
=

τ
τ

 



א٢٤٢אאא
אאא


 

  - ٥٤ -  


אW

אאW
)()()()()( '

21
"

21 tetvtvtv =+++ ττττ



222

111
CR

CR
=
=

τ
τ


אW

אאאאKא
אאאאK

אא،אאאK
אאאא

אK

+

(t) -

١ 

١ 
٢

( )

٣אJ١٦אא 



א٢٤٢אאא
אאא


 

  - ٥٥ -  




אאא 
אאאא 

אאאא 
אאאאRCאא١٠KΩ

א٢٠µFK 
אRCאאא٣J١אא،

١٠µFאאאא،٠٨٣}٠  
אאאאאRLא،אא

אK 
 
 
 
 


אא 
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אא 
א 

אy(t)  
אאא 

 אא
אאא٣אJ٤אR=٢٥KΩ

،L=٤mH،C=٤٠µF 
 

      

e
(t) 

+

-

v(t
) 

٢m
H

+

-

+

-
٥K

Ω



א٢٤٢אאא
אאא


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אRLCא٠٤}٠H١٠٠Ω
٤µF 

 אאאK 
 אאאאK

אאאאאK 
 אאאאאאאאK 

אאאאא٣J١٥ 
אאאאאאא

אא٣J١٥ 
τ١=τ٣٠٠=٢ seconds
R١٠٠=٢ seconds/m٢ 

אא 

)(2)(2)('2)(" txtytyty =++
 אא 
 א 
 א 
 א 
 אאאא

א 
 

אאאאאאאא٣J
١٦R١٠٠=١Ω،R٣٠٠=٢Ω،C١}٠=١µ F،C٨}٠=٢µF 

אא٣J١٤،M=٢٥Kg،
K=١٤٥٠N/m،B=٤٢N-second 

 אא 
 אא 
 א 
 א 
 א 



 

 



אא  

 

  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א








٤



א٢٤٢אאאא
א


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אאW
אאאאW

אא
אא 

אא 
אאאאאאאא

אאW 
 אא 
 אא 
 אא 
 אאא 
 אאא 
 אאאא



א٢٤٢אאאא
א


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
אאאאאא

אאKא
אאאKא

אאאאא
אא،אא،אא،אא،

אאKKK  

א
،אאא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אK

אא( Open Lop Control Systems)
אאאא٤אJ١K

אאאאאאאאא
،אאאאא

KאאאK
אאא(Set Point)K

אאאא(timers)א
אאאK





א٢٤٢אאאא
א


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
אא،אאא

אאאאKא
אאאKאאא

אאאאאK
א،אא

،،א
אF،KKEKKאא

אאאK
،א،

،K 
،،،אאאא

אKאא
אKאא

אאאK
،KאW––، 

אאאאK
אאאאאאK



א 
א א

א

٤אJ١אא 


א

א



א٢٤٢אאאא
א


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אא(Closed Loop Control Systems)
אא(Feedback Control Systems)

אא٤J٢K


 
אאאאאאאאא

אKאe(t)אאp(t)
Kאאאא

אאאאאK
אאW

אא(Forward Path)Wאאא
 ،אאאאאא


 

אא(Feedback Path)W،אא 
אאאא(Variable to be Controlled)c(t)، 

א
א

א א
אאא


א 

א
א 

Feedback 
Signal 


אא 



٤אJ٢אא


r(t

(t)


א 

א



א٢٤٢אאאא
א


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אא(Reference Input)r(t)Wאאאא
א،א(Set Point)، 

אא(Feedback Signal)b(t)Wאא
،א 
א(Error Signal)e(t)KWאא

אFאאאEאאK
א(Comparator)אK 

א(Control Signal)p(t)Wא
אאK

א،א
אאאאאaTאאא  dTK

T Ta d≥אא،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KאאאאK
א

אאאאאאא
אK

אאTwo Position Controller
אאאא،אK

אאאאאW


 אאאW
אאאאWאא

אאאאאאא



א٢٤٢אאאא
א


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(ON)אP،אאא
אאא(OFF)אK

אאW
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אאאא








 
 אאאW 

אאאאאאא
٣אJ٣






אאא،
אא(ON)אא

אאא(OFF)K 


 
 

٤אJ٣אא

٤אJ٤אא
א 

(t) (t) 



א٢٤٢אאאא
א


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א،אאאא(chattering)
،אאאאאאא،א

א٤J٥א،e=–E
אe(t)e=+Eאאe(t)،

٤אJ٦،
אאא


 
 
 
 
 
 
 






٤אJ٥אא

e(t p(t

p

e(t) 

P 

٤אJ٦אאא

٠-E +E



א٢٤٢אאאא
א


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
אאProportional Controller

 אאא 
אאאא 

)()( teKtp p=F٤J٢E
،KPאא،אF٤J٢Eא

אK
٤אJ٧אאא

אKPאK




p(t) 

e(t) ٠ 
Meq

٤אJ٧אאא



א٢٤٢אאאא
א


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
 אאא 

אאאא٤J٨










 אאא 
א،אאא

F٤J٢E
)()( sEKsP p=

אאאW

pc K
sE
sPsG ==
)(
)()(F٤J٣E

 אאאאאא 
אאאאאאא٤J٩א

אK
 
 









K

p(t) e(t) 

٤אJ٨אא 

+
p(t)
-

+
e(t)
-

R1

R2

٤אJ٩אאאאאא 



א٢٤٢אאאא
א


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

2

2
R
R

K p −=


 אאא 

אאאא
אK

אאIntegral Controller
 אאא 

אאאאא 

ττ deKtp
t

I )()(
0∫=F٤J٤E

،KIאK
 אאא 

אאאא٤J١٠

 אאא 
א،אאא

F٤J٤E

s
EKsP I=)(

אאאW

s
K

sE
sPsG I

c ==
)(
)()(F٤J٥E

 אאאאאא 

pe

٤אJ١٠אא 



א٢٤٢אאאא
א


 

- ٦٧ - 

אאאאאאא٤J١١
אאK









RCss
K

sG I
c

1)( −==


 אאא 
אאא،אא

א(Cycling)K
אאDerivative Controller

 אאא 
אאאאא 

dt
tdeKtp D
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אF٤J٩E
)()()( ssEKsEKsP DP +=

אאאאW
sKK

sE
sPsG DPc +==
)(
)()(F٤J٨E

 אאאאא 
אאאאאאא٤J١٦

אאאK











e(t p

d/dt 

٤אJ١٥אאא 

٤אJ١٦אאאאא

e(t) p(t)

R1

R2
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
RCK

R
R

K DP == ;
1

2

אאאאPID Controller
אאאא،א

אאFא،א،אEאK
 אאאא 

אאאאW
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tdeKdeKteKtp D

t
IP

)()()()(
0

++= ∫ ττF٤J١٠E

 אאאא 
אא
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٤אJ١٧אאאא
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W


 אאאאאא 
،אאאאא

אF٤J١٠E
)()()()( ssEK

s
sEKsEKsP DIP ++=

אאאאאW
sK

s
K

K
sE
sPsG D

I
Pc ++== +)(

)()(F٤J١١E


 אאאאאא
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אאאW















Wאאאאא
אאK

א
אאKאאאאK
אאאK،אא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 




٤אJ١٨אאאאא
א 
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


 אאא
אאאאא 

 אאאא
אאאאF

Eא 
אאאאF

Eא 
 אאא

٤אJ٩אאאאא،
אR١٠=١KΩ R٥=٢KΩא، 

אKP 
אאא 

אא 
٤אJ٩אאאאא،

אR١٠=١KΩאR٢אKP=�٧K 
 אאאא

אאאא،R=١٠KΩ C=١µF
א 

אKI 
אאא 

אא 
 
 
 



א٢٤٢אאאא
א


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

א٤J١٣אאאא
א،אR=٥KΩ C=٢µFKא 
אKD 

אאא 
אא 

א٤J١٤א،אאאא
R=٥KΩ C=٢µFR٢٠=١KΩR٤٠=٢KΩא 

אKIאKP 
אא 

אא 
 אאאאאאאא

א٤J١٧אאא
א،אא 

KP=٢ 
KI=٥s�

١  

KD=٤s

אא 
אא 

 אאאאאאאא


R

C

+
p(t)
-

+
e(t)
-




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

  אאאא

 

  

אאא
‰‰ö¹]ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í 

אאאא 




א


א


٥



א٢٤٢אאא
אא



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אא
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٢٤٢אאא
אא




- ٧٨ - 


אאאאאW

• אאאא 
• א 
• א 
• אא 

אאאא،אאאא
אאאK

٥J١ אא
אאאאאא٥J١W

• א(Signal Conversion)،א 
• אאאאא

،אא 
• אאאאאא

א(Control Valve)K
٥J٢ אTransducers

אאאאאאא
אאאאאKאאא

• ٤�٢٠ mA  
• א(Pneumatic Signal)א٣�١٥ psi 
• אTTL 


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אא



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
٥J٣ אActuators

אאאאא
• אאאPneumatic Actuators 
• אאElectrical Actuators 
• אאHydraulic Actuators

٥J٣J١ אאא
אאאאאא

אאאKאא
F=(P١-P٢)A 


(P١-P٢)Wא(Pa)

AWא(Diaphragm Area)אm٢
FWאא(N) 
،אאאאא،

אKאאאאא

א א 

א
א

א 

٥אJ١אאא 


א
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אא



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אאאאא،אK
אאAir Motors،K

אאאAir MotorsW
אאאאאא،אא

אאאK٥אJ٤א،
אאאא،אא

אKאK





٥J٣J٢ אאElectric Actuators
אאאאאK

W
• אDC Motor ActuatorsK
• אAC Motor ActuatorsK

 
 

٥J٣J٢J١ אאאאאW
אW

• Filed-Controlled DC Motor 
 א٥J٦

٥אJ٤א

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

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
 
 

אאאאאאאאא
אאאא(armature winding)א

،אאאאK
אאאאאא“vf”אא“If”

אא،אא(magnetic field flux)א
אאאאא(armature flux)א“Ia”،
א(Torque)אאאאא

אאאK
אא“T”א“If”א
אא“Ia”


א“Ia”אא“ω”

א“If”אא،אא
א“If”אא،

אא“vf”א“If”Kא٥J٧אא






٥אJ٦




א٢٤٢אאא
אא



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








• אאאא 
Armature-Controlled DC Motor 

אאאאאvfאIf،אאא
אאאא،א

٥J٨K 




אאאאאאK


٥J٣J٢J٢ אאAC Electrical Actuators

אKאאא
אא(Synchronous AC Motor)אאאא(Asynchronous AC 

Motor)K

אאא


א
אאאא

א
א

א

vf 
If 



א


אא

T

א
אא

ω

٥אJ٧אא
 

٥אJ٨אא



א٢٤٢אאא
אא



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

٥J٣J٢J٣ א
אאאאK

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Kא٥J٩א

 


 

 



Pulse 
Input 

Switch 
Sequencer 

S١

S٢

S

N

N

S

S

N

DC 
Voltage ٥אJ٩א 



א٢٤٢אאא
אא



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٥J٣J٣ אאHydraulic Actuators
אאא،אאאאא

(Linear Hydraulic Actuators)א
(Rotary Hydraulic Actuators)K

אאא
אאאא

אא،
אKאאK

• אא(Single-Acting Actuator)F٥J١٠JE
א(Piston)אאאא

(Push Rod)אאאאK
אאאFאEOperating Medium

א“A”אא،א
אא“A”א

אK 
• אאאאאDouble Acting Actuator  with 

Single Rod F٦J١٠JEא،א
א“A”“B”

Forward or Reverse Motion)KE 
• אאאDouble Acting Actuator  with 

Double Rodאאאאא
،אאF٦J١٠JE،

אאK 







א٢٤٢אאא
אא



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



٥J٣J٣J١ אאאאRotary Hydraulic Actuator
אאאאאאאאאאא

אאא،KאאK
אאאאאאא

א،אאאא
אאMachine-Tool Control SystemsK

٥J١١אא
Variable Stroke PumpאFixed-Stroke Hydraulic Motor،

אאאאK





٥אJ١٠אאא

٥אJ١١א 



א٢٤٢אאא
אא



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

٥J٤ אא
אאאאאאאK

אאאאאא،
אאKאאאPneumatic Control Valves 
א٥J١٢א،אאא

אאW
• א 
• אValve Body 







אאא،
אאאאאK

א٥J١٣אאא

٥אJ١٢אאא 



א٢٤٢אאא
אא



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• אDirect Action Valvesא
אא 

• אReverse Action Valvesא
א






٥J٥ אאאControl Valve Sizing
אאאאא

אאK?א?אאא
אאא١אpsiKא

אCv=٥אאא
א،١psiK

٥אJ١אאאK


٥אJ١٣אאא 
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


 
אאCv

٠٢٥٣}٠
٥}٠٣
١١٤

٥}١٣٥
٢٥٥
٣١٠٨
٤١٧٤
٤٠٠ ٦
٨٧٢٥
١٠١١٠٠


אאאאW
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)460(

))((
960 2121

+
−+

=
TG

PPPP
CQ

R
vG

• W
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PP
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−
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W
CVWאValve Flow Coefficient
 GRWאGas Specific Gravity 
 GLWאא Liquid Specific Gravity
 WWאSteam Flow Rate(lb/hour) 
 P١WאאValve Inlet Pressure(psi) 
 P٢WאאValve Outlet Pressure(psi) (psi)

QGWאGas Flow Rate(ft٣/hour at ٧}١٤psia and ٦٠°F )
QLWאLiquid Flow Rate (Gallon/min) 
 TWאאGas Temperature(Degree F) 

٥אJ١אא 
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V١WאאאSteam Specific Volume at the Valve 
Inlet  (ft٣/lb) 

V٢WאאאSteam Specific Volume at the Valve 
Outlet(ft٣/lb)

    
W

אאא
GL=٩٢}٠،Qmax=٣٢٠Galon/lmin،P١-P٦٠=٢psi،אSafety 

Factor=٢٥}٠QL=٢٥}١Qmax
א

אW
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CQ 21 −=


21 PP

G
QC L

Lv −
=

P١-P٢QLCv=٥}٤٩،א٥J١
٢א inches 

א
אאאאאאא

אאKאא،א
אאK،אאא

אאאK 
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 


٥J١ אאא 
٥J٢ אאאאא 
٥J٣ א
٥J٤ אא
٥J٥ אא
٥J٦ אאא
٥J٧ אאא
٥J٨ אאא 
٥J٩ אאא 
٥J١٠ אאא

GL=٩٢}٠،Qmax=٦٤٠Galon/lmin،P١-P٣٠=٢psiא،Safety 

Factor=٢٥}٠QL=٢٥}١Qma 
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s

sGc
100)( −=


٣J١١FE01.0−=Kd،FE)('01.0)( tetp −=،ssGc 01.0)( −=


٢J١٢FE100,2 == KiKp،FE)('01.0)( tetp −=،

s
ssGc

1002)( +
=


אא


٥J١٠א٢inches



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א


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 
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Digital 

אא Disturbance 

،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 
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אOscilloscope 

Output 

אOver Damping 

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 
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אאSettling Time 

אSignal Conditioning 

אSignal Conversion 

Simulation 

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Wאאא٣٥

אא٣٥
٣٦

٣J١אא٣٦
٣J١J١אאאא٣٨
٣J١J٢אאאא٣٨
٣J١J٣אאא

א
٣٨

٣J١J٤אאא٣٩
٣J٢אא٤٤

٣J٢J١אאאא٤٥
٣J٢J٢אאאא٤٦
٣J٢J٣אאאא٤٦

א٥٤
٥٥

אאאWא٥٧
אא٥٧

٥٨
٤J١א٥٨

٤J١J١אא٥٨
٤J١J٢אא٦٠

٤J٢א٦١
٤J٢J١אא٦١
٤J٢J٢אא٦٤
٤J٢J٣אא٦٦
٤J٢J٤אא٦٧



א٢٤٢אא





 

٤J٢J٥אאא٦٩
٤J٢J٦אאא٧٠
٤J٢J٧אאאא٧٢

א٧٤
٧٥

אאWאא٧٧
אא٧٧

٧٨
٥J١אא٧٨
٥J٢א٧٨
٥J٣א٧٩
٥J٣J١אאא٧٩
٥J٣J٢אא٨٠
٥J٣J٣אא٨٤

٥J٤אא٨٦
٥J٥אאא٨٧

א٨٩
٩٠

אא٩٢
٩٣

אא٩٧

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אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS       
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