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ΕȡȖαıȓα ıĲα ΑıαφȒ ΣυıĲȒȝαĲα 

ΈȜİȖχοȢ ȖωȞȓαȢ πȡοıαȞαĲοȜȚıȝοȪ İȞȩȢ įοȡυφȩȡου 

ȝİ αıαφİȓȢ ΕȜİȖțĲȑȢ  

 

 

ΕȜİȖχȩȝİȞο ıȪıĲηȝα  
 ȈĲȠΝȈȤέ1ΝφαȓȞİĲαȚΝȑȞαΝıȪıĲȘȝαΝİȜȑȖȤȠυΝĲȘȢΝȖȦȞȓαȢΝπȡȠıαȞαĲȠȜȚıȝȠȪΝİȞȩȢΝįȠȡυφȩȡȠυέΝ[1]έΝΓȚαΝ

ȞαΝ ȑȤȠυȝİΝ ȝȘįİȞȚțȩΝ ıφȐȜȝαΝ ıĲȘȞΝ ȝȩȞȚȝȘΝ țαĲȐıĲαıȘ, İπȚȜȑȖȠυȝİΝ İȜİȖțĲȑȢΝ ȝİΝ αȞαȜȠȖȚțȒ-

ȠȜȠțȜȘȡȦĲȚțȒΝįȡȐıȘέΝȉȠΝıȪıĲȘȝαΝİȜȑȖȤȠυΝȝİΝȤȡȒıȘΝαıαφȫȞΝİȜİȖțĲȫȞΝφαȓȞİĲαȚΝıĲȠΝȈȤέβέΝΝΝ 

 

Reference

signal

ΓȦȞȓα
πȡȠıαȞαĲȠȜȚıȝȠȪ

( )w k

( )y k
( )e k

( )u k+

-

( )cG s
10

( )
( 1)( 9)

pG s
s s


 

 

ȈȤέ1 

 

Fuzzy Logic Controller

(FLC)

Controlled

plant

Reference

signal

Output

response

( )w k

( )y k( )e k ( )u k+

-

 

ȈȤέβ 

 

  

 ( )r k  İȓȞαȚΝĲȠΝıȒȝαΝαȞαφȠȡȐȢΝΝ(Reference signal) 

 ( )y k   İȓȞαȚΝȘΝȑȟȠįȠȢΝĲȠυΝıυıĲȒȝαĲȠȢΝ 

 ( )e k  İȓȞαȚΝĲȠΝıφȐȜȝαΝĲȠυΝıȒȝαĲȠȢΝαȞαφȠȡȐȢΝıİΝıȤȑıȘΝȝİΝĲȘȞΝȑȟȠįȠΝĲȠυΝıυıĲȒȝαĲȠȢ 
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 ( ) ( ) ( )e k r k y k   

 ( )u k   İȓȞαȚΝȠΝȞȩȝȠȢΝİȜȑȖȤȠυΝ(ȑȟȠįȠȢ ĲȠυΝİȜİȖțĲȒ)Ν 

 ΘİȦȡȠȪȝİΝȩĲȚΝĲȠΝıȒȝαΝαȞαφȠȡȐȢΝĲȘȢΝȖȦȞȓαȢΝπȡȠıαȞαĲȠȜȚıȝȠȪΝțȚȞİȓĲαȚΝıĲȠΝįȚȐıĲȘȝαΝ[ί,ΝθίȠ ].  

 

Σχİįȓαıη ȖȡαȝȝȚțοȪ İȜİȖțĲȒ 

ΓȚαΝ ȝȘįİȞȚțȩΝ ıφȐȜȝαΝ ıĲȘΝ ȝȩȞȚȝȘΝ țαĲȐıĲαıȘΝ ĲȠυΝ İȜȑȖȤȠυΝ ĲαȤȪĲȘĲαΝ İπȚȜȑȖȠυȝİΝ ȑȞαΝ ȖȡαȝȝȚțȩΝ

İȜİȖțĲȒΝPI ĲȘȢΝȝȠȡφȒȢΝ 
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ȃαΝπȡȠıįȚȠȡȚıșȠȪȞΝȠȚΝπαȡȐȝİĲȡȠȚΝĲȠυΝȖȡαȝȝȚțȠȪΝİȜİȖțĲȒΝȑĲıȚΝȫıĲİΝȞαΝπȜȘȡȠȪȞĲαȚΝȠȚΝπαȡαțȐĲȦΝ

πȡȠįȚαȖȡαφȑȢέΝ 

1. ȊπİȡȪȥȦıȘΝȖȚαΝȕȘȝαĲȚțȒΝİȓıȠįȠΝȝȚțȡȩĲİȡȘΝαπȩΝ1ίΣέ 

2. ΧȡȩȞȠȢΝαȞȩįȠυΝȝȚțȡȩĲİȡȠȢΝαπȩΝ1έβΝΝįİυĲİȡȩȜİπĲαέΝ 

 

ΓȚαΝ ĲȘȞΝ ıȤİįȓαıȘΝ ĲȠυΝ ȖȡαȝȝȚțȠȪΝ İȜİȖțĲȒ,Ν αțȠȜȠυșȠȪȝİΝ ĲȚȢΝ αȡȤȑȢΝ ĲȠυΝ țȜαıȚțȠȪΝ αυĲȠȝȐĲȠυΝ

İȜȑȖȤȠυ,ΝȤȡȘıȚȝȠπȠȚȫȞĲαȢΝĲȠΝπȡȩȖȡαȝȝαΝcontrol toolbox ĲȠυ MATLAB. 

 ȉȠπȠșİĲİȓıĲİΝ ĲȠΝ ȝȘįİȞȚțȩΝ ĲȠυΝ İȜİȖțĲȒΝ αȞȐȝİıαΝ ıĲȠυȢΝ πȩȜȠυȢΝ -1Ν țαȚΝ -λΝ ĲȠυΝ İȜİȖȤȩȝİȞȠυΝ

ıυıĲȒȝαĲȠȢ,ΝıİΝȝȚαΝșȑıȘΝțȠȞĲȐΝıĲȠȞΝțυȡȓαȡȤȠΝπȩȜȠ,ΝįȘȜαįȒΝıĲȠΝ-1.  

 ǼȚıȐȖİĲαȚΝĲȘȞΝıυȞȐȡĲȘıȘΝαȞȠȚȤĲȠȪΝȕȡȩȤȠυΝıĲȠΝıȪıĲȘȝα,ΝıĲȘΝȝȠȡφȒΝ ( )

( 1)( 9)

K s c

s s


 

 

 ǻȘȝȚȠυȡȖİȓıĲİΝĲȠȞΝȖİȦȝİĲȡȚțȩΝĲȩπȠΝȡȚȗȫȞΝĲȠυΝıυıĲȒȝαĲȠȢΝȝİΝĲȠΝΝrlocus. 

 ǼπȚȜȑȟĲİΝ απȩΝ ĲȠΝ įȚȐȖȡαȝȝαΝ ĲȠυΝ ȖİȦȝİĲȡȚțȠȪΝ ĲȩπȠυΝ ȑȞαΝ țȑȡįȠȢΝ K ,Ν πȠυΝ ȞαΝ αȞĲȚıĲȠȚȤȠȪȞΝ ıİΝ

șȑıİȚȢΝ πȩȜȦȞΝ țȜİȚıĲȠȪΝ ȕȡȩȤȠυΝ țαȚΝ ıυȞĲİȜİıĲȒΝ απȩıȕİıȘȢΝ țαĲȐȜȜȘȜαΝ ȖȚαΝ ĲȚȢΝ πȡȠįȚαȖȡαφȑȢΝ

πȠυΝȑȤȠυȞΝĲİșİȓέΝ 

 ȊπȠȜȠȖȓıĲİΝ ĲȘȞΝ ıυȞȐȡĲȘıȘΝ țȜİȚıĲȠȪΝ ȕȡȩȤȠυΝ (ȝİΝ ȝȠȞαįȚαȓαΝ αȞȐįȡαıȘ)Ν ĲȠυΝ ıυıĲȒȝαĲȠȢ,Ν

ȤȡȘıȚȝȠπȠȚȫȞĲαȢΝȖȚαΝπαȡȐįİȚȖȝαΝĲȘȞΝİȞĲȠȜȒΝfeedback(sys-open-loop, 1, -1). 

 ȊπȠȜȠȖȓıĲİΝ ĲȘȞΝ ȕȘȝαĲȚțȒΝ απȩțȡȚıȘΝ ĲȠυΝ ıυıĲȒȝαĲȠȢΝ țȜİȚıĲȠȪΝ ȕȡȩȤȠυ,Ν ȤȡȘıȚȝȠπȠȚȫȞĲαȢΝ ĲȚȢΝ

İȞĲȠȜȑȢΝstep(sys-closed-loop), lsim, plot țȜπέ 

 ΑȞΝ πȜȘȡȠȪȞĲαȚΝ ȠȚΝ πȡȠįȚαȖȡαφȑȢ,Ν ȘΝ įȚαįȚțαıȓαΝ ĲİȡȝαĲȓȗİĲαȚέΝ ȈİΝ αȞĲȓșİĲȘΝ πİȡȓπĲȦıȘ,Ν

αțȠȜȠυșİȓıĲİΝȝȚα įȚαįȚțαıȓαΝįȠțȚȝȒȢΝțαȚΝȜȐșȠυȢ,ΝİπȚȜȑȖȠȞĲαȢΝȝȚαΝȐȜȜȘΝĲȚȝȒΝțȑȡįȠυȢέ 

 ΓȚαΝĲȘȞΝȕȑȜĲȚıĲȘΝĲȚȝȒΝțȑȡįȠυȢΝ K  πȠυΝİπȚȜȑȤșȘțİΝπȡȠȘȖȠȪȝİȞα,ΝυπȠȜȠȖȓıĲİΝĲαΝțȑȡįȘΝ pK  țαȚΝ

IK  ĲȠυΝȖȡαȝȝȚțȠȪΝİȜİȖțĲȒέΝ 
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Σχİįȓαıη αıαφοȪȢ İȜİȖțĲȒ  (FLC) 

  

 ȆȡȠțİȚȝȑȞȠυΝ ȞαΝ ȑȤȠυȝİΝȝȘįİȞȚțȩΝıφȐȜȝαΝȝȩȞȚȝȘȢΝ țαĲȐıĲαıȘȢΝ ȖȚαΝ ĲȘȞΝ ĲαȤȪĲȘĲα,Ν İπȚȜȑȖȠυȝİΝ

țαȚΝπȐȜȚΝȑȞαΝαıαφȒΝİȜİȖțĲȒΝĲȪπȠυΝFZ-PI.  

 ΗΝ υȜȠπȠȓȘıȘΝ ĲȠυΝ ıυıĲȒȝαĲȠȢΝ țȜİȚıĲȠȪΝ ȕȡȩȤȠυΝ șαΝ ȖȓȞİȚΝ ıİΝ įȚαțȡȚĲȩΝ ȤȡȩȞȠΝ ȝİΝ įȚȐıĲȘȝαΝ

įİȚȖȝαĲȠȜȘȥȓαȢΝ 0.01 secT  . 

 ΗΝ ȜİțĲȚțȑȢΝ ȝİĲαȕȜȘĲȑȢΝ ĲȠυΝ ıφȐȜȝαĲȠȢΝ E  πİȡȚȖȡȐφȠȞĲαȚΝ απȩΝ İȞȞȚȐΝ ȜİțĲȚțȑȢΝ ĲȚȝȑȢΝ ȩπȦȢΝ

φαȓȞİĲαȚΝıĲȠΝȈȤέ2 (α). 

 ΗΝ ȜİțĲȚțȑȢΝ ȝİĲαȕȜȘĲȑȢΝ ĲȘȢΝ ȝİĲαȕȠȜȒȢΝ ĲȠυΝ ıφȐȜȝαĲȠȢΝ E  πİȡȚȖȡȐφȠȞĲαȚΝ απȩΝ İȞȞȚȐΝ ȜİțĲȚțȑȢΝ

ĲȚȝȑȢΝȩπȦȢΝφαȓȞİĲαȚΝıĲȠΝȈȤέβ(α)Νέ 

 ΗΝ ȜİțĲȚțȑȢΝ ȝİĲαȕȜȘĲȑȢΝ ĲȘȢΝ ȝİĲαȕȠȜȒȢΝ ĲȠυΝ ıȒȝαĲȠȢΝ İȜȑȖȤȠυΝ U  πİȡȚȖȡȐφȠȞĲαȚΝ απȩΝ İȞȞȚȐΝ

ȜİțĲȚțȑȢΝĲȚȝȑȢΝȩπȦȢΝφαȓȞİĲαȚΝıĲȠΝȈȤέβ(α)Νέ  

 

  µ

ZRNL NM NS PS PM PL

-A
A0

NV PV

ZR: Zero PS: Pos. Small

PM: Pos. Medium

PL: Pos. Large

PV: Pos. Very Large

NS: Neg. Small

NM: Neg. Medium

NL: Neg. Large

NV: Neg. Very Large  

ȈȤέ2 (α)  

 

 ȉȠΝıȒȝαΝαȞαφȠȡȐȢΝ r  ȝπȠȡİȓΝȞαΝțȚȞİȓĲαȚΝȠπȠυįȒπȠĲİΝıĲȠΝįȚȐıĲȘȝαΝ[0 , 50] .  

 

ΧαȡαțĲηȡȚıĲȚțȐ Ĳου FLC 

 ȉαΝȤαȡαțĲȘȡȚıĲȚțȐΝĲȠυΝαıαφȠȪȢΝİȜİȖțĲȒΝİȓȞαȚΝĲαΝπαȡαțȐĲȦ 

 ΑıαφȠπȠȚȘĲȒȢΝSingleton 
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 ȉȠΝıυȞįİĲȚțȩΝAND υȜȠπȠȚİȓĲαȚΝȝİΝĲȠȞΝĲİȜİıĲȒΝmin 

 ΗΝıυȞȐȡĲȘıȘΝıυȝπİȡαıȝȠȪΝυȜȠπȠȚİȓĲαȚΝȝİΝĲȠȞΝțαȞȩȞαΝMamdani. 

 ȉȠΝıυȞįİĲȚțȩΝALSO υȜȠπȠȚİȓĲαȚΝȝİΝĲȠȞΝĲİȜİıĲȒΝmax. 

 ȅΝαπȩ-αıαφȠπȠȚȘĲȒȢΝυȜȠπȠȚİȓĲαȚΝȝİΝĲȘȞΝĲİȤȞȚțȒΝCenter of Sums, COS . 

 

ΖηĲούȝεȞα ĲηȢ εȡγαıίαȢ  

 

 ΑȡȤȚțȐΝ ȞαΝȖȓȞİȚΝțȜȚȝαțȠπȠȓȘıȘΝ ĲȠυΝıφȐȜȝαĲȠȢΝ țαȚΝ ĲȘȢΝȝİĲαȕȠȜȒȢΝ ĲȠυΝıφȐȜȝαĲȠȢ,Ν ȑĲıȚΝ

ȫıĲİΝĲαΝțαȞȠȞȚțȠπȠȚȘȝȑȞαΝȝİȖȑșȘΝȞαΝȝİĲαȕȐȜȜȠȞĲαȚΝıĲȠΝįȚȐıĲȘȝαΝ[ 1,1] . 

 ȃαΝ įȚαȝȠȡφȦșİȓΝ ȘΝ ȕȐıȘΝ țαȞȩȞȦȞΝ ĲȠυΝ αıαφȠȪȢΝ İȜİȖțĲȒ,Ν ȝİΝ ȕȐıȘΝ ĲȠυȢΝ ȝİĲα-țαȞȩȞİȢΝ

ıȦıĲȒȢΝȜİȚĲȠυȡȖȓαȢΝĲȠυΝıυıĲȒȝαĲȠȢΝțȜİȚıĲȠȪΝȕȡȩȤȠυέΝ 

 ȃαΝȖȡαφİȓΝ ȑȞαΝπȡȩȖȡαȝȝαΝıİΝπİȡȚȕȐȜȜȠȞΝmatlab πȠυΝȞαΝυȜȠπȠȚİȓΝ ĲȠΝıȪıĲȘȝαΝțȜİȚıĲȠȪΝ

ȕȡȩȤȠυΝαıαφȒȢΝİȜİȖțĲȒȢΝ– țȚȞȘĲȒȡαȢέΝ 

 ΓȚα ĲȘȞ įȘȝȚȠυȡȖȓα ĲȠυ İȜİȖțĲȒ Ȟα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ ȠȚ İȞĲȠȜȑȢ ĲȠυ Fuzzy toolbox, newfis, 

addmf, addvar, addrule, writefis, rule, readfis țαȚ evalfis.  

 ȈαȞΝİȞαȜȜαțĲȚțȒΝȜȪıȘΝșαΝȝπȠȡȠȪıİΝȞαΝȤȡȘıȚȝȠπȠȚȘșİȓΝ ĲȠΝπİȡȚȕȐȜȜȠȞΝ ĲȠυΝFuzzy editor. 

ȉȠΝ ȖȡαφȚțȩΝ αυĲȩΝ πİȡȚȕȐȜȜȠȞΝ αυĲȩΝ ȝαȢΝ İπȚĲȡȑπİȚΝ ȞαΝ įȘȝȚȠυȡȖȒıȠυȝİΝ țαȚΝ ȞαΝ

απȠșȘțİȪıȠυȝİΝȑȞαΝαıαφȑȢΝȝȠȞĲȑȜȠΝ(nameέfis object). 

 

ΣİȞȐȡȚο 1 

α) Σχİįȓαıη Ĳου İȜİȖțĲȒ țαȚ αποțȡȓıİȚȢ  

 ȃαΝ ȡυșȝȓıİĲİΝ ĲαΝ țȑȡįȘΝ țȜȚȝαțȠπȠȓȘıȘȢΝ ȫıĲİΝ ȘΝ απȩțȡȚıȘΝ țȜİȚıĲȠȪΝ ȕȡȩȤȠυΝ ȖȚαΝ ĲȘȞΝ

ȝȑȖȚıĲȘΝ ȕȘȝαĲȚțȒΝ įȚȑȖİȡıȘΝ ȞαΝ ȑȤİȚΝ țαȜȪĲİȡαΝ ȤαȡαțĲȘȡȚıĲȚțȐΝ απȩΝ αυĲȒΝ ĲȠυΝ ȖȡαȝȝȚțȠȪΝ

İȜİȖțĲȒ,ΝįȘȜαįȒ,ΝυπİȡȪȥȦıȘΝȝȚțȡȩĲİȡȘΝαπȩΝ7ΣΝțαȚΝȤȡȩȞȠΝαȞȩįȠυΝȝȚțȡȩĲİȡȠΝαπȩΝίέθΝsec.  

 ȈαȞΝαȡȤȚțȑȢΝĲȚȝȑȢΝĲȦȞΝțİȡįȫȞΝȞαΝșİȦȡȒıİĲİΝαυĲȑȢΝπȠυΝțαșȠȡȓıșȘțαȞΝȖȚαΝĲȠȞΝȖȡαȝȝȚțȩΝ

İȜİȖțĲȒΝıĲȘȞΝπȡȠȘȖȠȪȝİȞȘΝφȐıȘΝĲȘȢΝİȡȖαıȓαȢέΝ 

 ȃαΝ įİȓȟİĲİΝ πȠȚαΝ İȓȞαȚΝ ȘΝ İπȓįȡαıȘΝ ıĲȘȞΝ ȑȟȠįȠΝ ĲȠυΝ ıυıĲȒȝαĲȠȢΝ πȠυΝ πȡȠțȪπĲİȚΝ απȩΝ ĲȘȞΝ

ȡȪșȝȚıȘΝĲȦȞΝțİȡįȫȞΝĲȠυΝİȜİȖțĲȒΝFZ-PI ( eK , a  țαȚΝ 1K ).  

 ȃαΝįİȚȤșİȓΝȘΝαπȩțȡȚıȘΝĲȠυΝıυıĲȒȝαĲȠȢΝțαȚΝȘΝįȚȑȖİȡıȘΝĲȠυΝıυıĲȒȝαĲȠȢ,ΝıİΝıȤȑıȘΝȝİΝĲȚȢΝ

απȠțȡȓıİȚȢΝĲȠυΝȖȡαȝȝȚțȠȪΝİȜİȖțĲȒέΝ 

 

ȕ) ΛİȚĲουȡȖȓα ĲηȢ ȕȐıηȢ Ĳου İȜİȖțĲȒ țαȚ ıυȝπİȡȐıȝαĲα  
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 ΑπȩΝ ĲȘȞΝ ȕȐıȘΝ πȠυΝ ȑȤİȚΝ įȚαȝȠȡφȦșİȓ,Ν ȞαΝ șİȦȡȒıİĲİΝ ȝȚαΝ įȚȑȖİȡıȘΝ ȩπȠυΝ e is NM   țαȚΝΝ

e is ZR .  

 ȃαΝ įİȓȟİĲİΝ ȖȡαφȚțȐΝ πȠȚȠȚΝ țαȞȩȞİȢΝ įȚİȖİȓȡȠȞĲαȚΝ țαȚΝ πȠȚαΝ İπȓΝ ȝȑȡȠυȢΝ ıυȝπİȡȐıȝαĲαΝ

πȡȠțȪπĲȠυȞέΝ 

 ȆȠȚȠΝ İȓȞαȚΝ ĲİȜȚțȐΝ ĲȠΝ ıυȞȠȜȚțȩΝ ıυȝπȑȡαıȝαΝ πȠυΝ πȡȠțȪπĲİȚΝ ȝİΝ ȕȐıȘΝ ĲȘȞΝ ȝȑșȠįȠΝ απȩ-

αıαφȠπȠȓȘıȘȢΝπȠυΝıαȢΝαȞĲȚıĲȠȚȤİȓέΝ 

 ȃαΝıȤȠȜȚȐıİĲİΝĲȘȞΝαπȩțȡȚıȘΝĲȠυΝİȜİȖțĲȒΝȖȚαΝĲȘȞΝπİȡȓπĲȦıȘΝαυĲȒέ  

 

Ȗ) ΕȡȝηȞİȓα Ĳου Ȟȩȝου İȜȑȖχου Ĳου  FLC 

 ȃαΝįȘȝȚȠυȡȖȒıİĲİΝ ĲȘȞΝ ĲȡȚıįȚȐıĲαĲȘΝ İπȚφȐȞİȚαΝ ĲȘȢΝ İȟȩįȠυΝ ĲȠυΝαıαφȠȪȢΝİȜİȖțĲȒΝ ( )u k  

ıİΝ ıȤȑıȘΝ ȝİΝ ĲȚȢΝ İȚıȩįȠυȢΝ ĲȠυΝ ( )e k  țαȚΝ ( )e k  (ȤȡȘıȚȝȠπȠȚȒıĲİΝ ĲȘȞΝ İȞĲȠȜȒΝ gensurf ĲȠυΝ

matlab ȒΝįȘȝȚȠυȡȖİȓıĲİΝĲȘȞΝαπİȚțȩȞȚıȘΝȝİΝįȚțȩΝıαȢΝπȡȩȖȡαȝȝα).  

 ȃαΝİȡȝȘȞİȪıİĲİΝĲȠΝıȤȒȝαΝαυĲȩΝȝİΝȕȐıȘΝĲȘȞΝȝȠȡφȒΝĲȦȞΝțαȞȩȞȦȞΝĲȠυΝİȜİȖțĲȒέΝ 

 

ΣİȞȐȡȚο β 

 ȈĲȘȞΝ ıυȞȑȤİȚα,Ν İȟİĲȐȗȠȞĲαȚΝ įȪȠΝ įȚαφȠȡİĲȚțȐΝ πȡȠφȓȜΝ ĲȠυΝ ıȒȝαĲȠȢΝ αȞαφȠȡȐȢ,Ν ȩπȦȢΝ φαȓȞȠȞĲαȚΝ

ıĲαΝȈȤέγΝțαΝȈȤέζέ 

 ΓȚαΝĲȚȢΝπαȡαȝȑĲȡȠυȢΝĲȠυΝαıαφȠȪȢΝİȜİȖțĲȒΝπȠȪΝȑȤȠυȞΝİπȚȜİȖİȓ,ΝȞαΝȖȓȞİȚΝȖȡαφȚțȒΝπαȡȐıĲαıȘΝĲȘȢΝ

απȩțȡȚıȘȢΝ ĲȦȞΝ ıĲȡȠφȫȞΝ ĲȠυΝ ıυıĲȒȝαĲȠȢΝ țȜİȚıĲȠȪΝ ȕȡȩȤȠυΝ ȖȚαΝ ĲαΝ įȪȠΝ įȚαφȠȡİĲȚțȐΝ ıİȞȐȡȚαΝ

ĲȠυΝıȒȝαĲȠȢΝαȞαφȠȡȐȢέ 

 ȂİΝ ȕȐıȘΝ ĲȚȢΝ απȠțȡȓıİȚȢ,Ν ȞαΝ ıȤȠȜȚȐıİĲİΝ ĲȘȞΝ ȚțαȞȩĲȘĲαΝ ĲȠυΝ FLC ȞαΝ παȡαțȠȜȠυșİȓΝ İȚıȩįȠυȢΝ

ȡȐȝπαȢ 

60

20

4 8 (sec)

40

r

 

ȈȤέγΝ 
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60

0.4

5 8 (sec)16

r

 

ȈȤέζΝ 
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