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"OvOwtv x@U=Lt =Q |Qw@a p=}U |xv}y@ Q=Okt w OvOQm xO=iDU= |UQv}= Q=}W
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=QH= QwDwtxDUO |R=Uxv}y@ Ov}=Qi QwDwtxDUO |xOW hrD |SQv= V}=Ri= w |m}t=v}O
xO=iDU= |Q}PBp=kDv= |xv}W}@ Ot=U@ s}_vD |=Q@ xt} QH `@=D R= u}vJty "CU= xOW
?} Q[ w |m}t=v}O |DiU '|Q}PBp=kDv= '|wDQ=B |xy@H Q=Owtv C}=yv QO w xOW
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"CU=
|=ylwW u}vJty w CU= xO=H |=y|Q=wty=v R= |W=v xm |U=W C=W=aDQ=
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pOt u}= VQDUo =@ w OvOQm |R=UpOt =Q Q}=D w |Ov@ Qvi '|m}rwQO}y QwDwtxDUO
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%OvwW|t x@U=Lt 7 w 6 \@=wQ R= ?}DQD x@
Qi = Ai _xi (6)

Qd = Ad _xd (7)

x@ _xd w _xi w QrB wm|O w |UQv}= Q=}W `]kt K]U CL=Ut ?}DQD x@ Ad w Ai
R= xO=iDU= =@ xt=O= QO "CU= QrB wm|O w |UQv}= Q=}W R= |Qw@a p=}U CaQU ?}DQD
xDWwv QwDwtxDUO |v}}=B w |}q=@ |x_iLt wO |=Q@ 8 |x]@=Q '|oDUw}B |xrO=at

[6]%OwW|t
C1 _p1 +Ap(� _x) +Qi +Qd = 0
C2 _p2 �Qi �Qd = 0 (8)

|@O 'QwDwt |}=Hx@=H `@=D '|}q=@ |x_iLt Q=Wi 'OwW|t xOy=Wt xm Qw] u=ty
xU Qy O}=@ 'p1 uOQw; CUO x@ |=Q@ "CU= QrB wm|O w |UQv}= Q=}W R= |Qw@a p=}U
|x]@=Q R= |v}}=B w |}q=@ |=yx_iLt Q=Wi 'u}=Q@=v@ "OvwW x@U=Lt xOW QmP QDt=Q=B
p=}U Q@ sm =L CqO=at C}=yv QO "OwW|t |Q=Po}=H 5 |x]@=Q QO w x@U=Lt 8
%OwW|t xDWwv 9 |x]@=Q CQwY x@ QrB wm|O |}=Hx@=H w |UQv}= Q=}W R= |Qw@a
IiAi�xi +RiAi _xi +K(Aixi +Adxd) = Apx

C1

RdAd _xd +K(Aixi +Adxd) = Apx
C1

(9)

|xrO=at 'QwDwt |}=Hx@=H uOQw; CUO x@ |=Q@ K = 1
C1 + 1

C2 9 |x]@=Q QO
%OwW|t xDWwv 10 |x]@=Q CQwY x@ QwDwt Q@ sm =L

mE�x+ br _x+ krx = F � p1Ap (10)

|}=Hx@=H '|UQv}= Q=}W R= xOW =Hx@=H p=}U '10 w 9 CqO=at u=tRsy pL =@
QO Q}O=kt u}= |Q=Po}=H =@ TBU w OwW|t x@U=Lt QwDwt |}=Hx@=H w QrB wm|O

"O};|t CUO x@ |}q=@ |x_iLt Q=Wi 11 |x]@=Q
p1 = 1

C1
(Apx�Aixi �Adxd) (11)

|r=kDv= |wQ}v '4 |x]@=Q QO QwDwt |}=Hx@=H w |}q=@ |x_iLt Q=Wi |Q=Po}=H =@
"O};|t CUO x@ QwDwtxDUO |Q}PBp=kDv= w |m}t=v}O |DiU u; `@D x@ w |U=W x@

|R=Uxv}y@ "1"2
|=yQwDwtxDUO O}rwD x@ R=}v 'O=} RCQOk w sm uRw =@ |=yQwDwt|=Q@CU=wNQOV}=Ri= =@
=OY w C=W=aDQ= V}=Ri= Ea=@ =yQwDwt u}= xm =QJ "CU= xDi=} V}=Ri= R}v xv}y@
xDiQo CQwY |=y|R=Uxv}y@ xv}W}@ 'OW xQ=W= xm Qw] u=ty "OvwW|t u}@=m QO
u}= |=Q@ =yVwQ u} QDG}=Q w CU= xOw@ xiOylD CQwY x@ ui |=yVywSB QO
|x}rw= Q=Okt x@ ,=O}OW SQP VwQ "CU= l}DvS sD} Qwor= w SQP VwQ Qt=
umtt =yQDt=Q=B u}= ?U=vt=v ?=NDv= CQwY QO w CU= xDU@=w |L=Q] |=yQDt=Q=B
|QD?U=vt VwQ l}DvS sD} Qwor= VwQ u}=Q@=v@ "OwW |@U=vt=v G}=Dv ?Hwt CU=
?re= 'xiOylD |=y|R=Uxv}y@ QO |iQ] R= [19�5]"CU= xiOylD |R=Uxv}y@ |=Q@
"OwW|t Qo}O hOy |=Q@ ?U=vt=v MU=B O=H}= ?Hwt hOy l} |=Q@ xv}y@ MU=B
uO}UQ w OW=@ QDt=Q=B l} R= V}@ sDU}U QF-wt |=yQDt=Q=B xm |DQwY QO u}=Q@=v@

QwDwtxDUO |=yQDt=Q=B |R=Uxv}y@ w |U=W x@ QwDwt R= xOW pkDvt C=W=aDQ= Vy=m
xOW xDiQo Q_v QO |OwQwlD sDU}U l} u=wva x@ Q_v OQwt |xawtHt 'CU=
|xawtHt |m}t=v}O p}rLD XwYN QO |@ QHD w |Q_v OOaDt Cq=kt "CU=
C=W=aDQ= u}vJty [22�20 '11�8 '6] "Ov=xOW x�=Q= uwvm =D R}v OQ@y=Q u}= =@ jwi
|xOwOLt QO R}v |Q}o?=DW w |Q}oRtQD |=ylwW 'xO=H |=y|Q=wty=v R= |W=v
x@ C@Uv sDU}U |R=Uxv}y@ TB "CU= �RDQy 50 =D� xar=]t OQwt |Q=m Ot=U@
Ow@ Oy=wN |}=yQDt=Q=B G=QNDU= x@ QHvt �QwDwt C=W=aDQ=� |OwQw l} u} Ro}=H
[20]`HQt QO "OW=@ QF-wt Ov=wD|t R}v QwDwt w |U=W u}@ C=W=aDQ= |R=U=OH QO xm
O=H}= ?Hwt =RHt CQwY x@ QwDwtxDUO |R=Uxv}y@ xm CU= xOW xO=O u=Wv
QwDwtxDUO xU w QwDwt pt=W sDU}U pm |R=Uxv}y@ x@ C@Uv =]N OYQO 9
|=y|oO}J}B R= ?=vDH= |=Q@ 'u}=Q@=v@ "OwW|t |O=R; xHQO 13 =@ u; x@ pYDt
|}=yvD x@ QwDwtxDUO |R=UpOt VwQ u} QD`} QU 'sDU}U pm |R=UpOt QO OwHwt

"CU=
|QtwDUq=CtUk|}=Q}t w|DiU?}DQD x@ br w kr 'wDwt sQHmE '1 pmW QO
'QwDwtxDUO |v}}=B w |}q=@ |x_iLt Q=Wi ?}DQD x@ p2 w p1 "OvDUy QwDwtxDUO
'|UQv}= Q=}W uwQO p=}U Ctw=kt Ri '|UQv}= Q=}W pN=O p=}U pO=at |UQv}= Ii
Tma C2 '|}q=@ x_iLt |tHL |DiU Tma C1 'QrB wm|O pO=at Ctw=kt Rd
u=ty "CU= QwDwtxDUO `]kt QF-wt CL=Ut Ap w |v}}=B |x_iLt |tHL |DiU
CU= xOW xDiQo Q_v QO F = Feei!et CQwY x@ QwDwt l} QLD 'OW u=}@ xm Qw]
x@U=Lt 1 |x]@=Q R= w CU= l} QLD |xvt=O Fe w QwDwt l} QLD Ot=U@ !e xm

[24 w 22]"OwW|t

Fe = mpr2!2
e

l
(1)

hOy "CU= uwD=W pw] l w nvrp}t `=aW r 'uwDU}B sQH mp 1 |x]@=Q QO
|Q}PBp=kDv= w |m}t=v}O |DiU uOQw; CUO x@ 'QwDwtxDUO |R=UpOt R= |rY=
x@ |U=W x@ |r=kDv= |wQ}v C@Uv CQwY x@ |m}t=v}O |DiU "CU= QwDwtxDUO
C@Uv |xR=Ov= CQwY x@ |Q}PBp=kDv= w 2 |x]@=Q R= w h} QaD |}=Hx@=H |xvt=O
x@U=Lt 3 |x]@=Q R= w h} QaD |OwQw |wQ}v |xvt=O x@ |U=W x@ |r=kDv= |wQ}v

"OwW|t
Kdyn(i!e) = FT

X
(i!e) = ke(!e) + ibe(!e)!e (2)

TR =
����FTFe ���� (3)

QO "CU= QwDwtxDUO pO=at l} QLD Ot=U@ `@=D |}=Q}t ?} Q[ be w |DiU ke
Qw] u=ty "OwW|t x@U=Lt 4 |x]@=Q R= |U=W x@ |r=kDv= |wQ}v u}}=B |=yOt=U@
|x_iLt Q=Wi w QwDwt |}=Hx@=H 'wQ}v u}= |x@U=Lt |=Q@ OwW|t x_Lqt xm
\@=wQ R= xO=iDU= =@ |}q=@ |x_iLt Q=Wi =OD@= Qw_vt u}O@ "OwW x@U=Lt O}=@ |}q=@

"O};|t CUO x@ OwHwt p=}U |=Q@ |oDUw}B w swDvtwt
FT = krx+ br _x+ApP1 (4)

�#2� QrB wm|O w �#1� |UQv}= Q=}W |=ypQDvm sHL |=Q@ swDvtwt \@=wQ
[1]%OwW|t xDWwv 5 |x]@=Q j@]

p1 � p2 = Ii _Qi +RiQi

p1 � p2 = RdQd (5)
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"""Qw
Dwtx

DUO
|W

=aDQ=
Q=DiQ

|xi
OyO

vJ
|R=

Uxv
}y@

dj(z; y) =

vuut nX
i=1

(Ji(z)� Ji(y)
Jmax
i � Jmin

i
)
2

(13)

n w Ji hOy `@=D Q}O=kt |xv}tm w xv}W}@ Q@=Q@ ?}DQD x@ Jmini w Jmaxi 'u; QO xm
CQwY x@ t pUv QO z pL Qy |=Q@ 12|oDU}=W Q=Okt TBU "CU= h=Oy= O=OaD

[25]%OwW|t x@U=Lt 14 |x]@=Q

nc(z; t) =
X

max
�
�share � dj(z; y)

�share
; 0
�

(14)

[26]%OwW|t u}}aD 15 |x]@=Q =@ �shareQ=Okt

�share = r
n
pq =

s
nP
k=1

(Jk;max � Jk;min)2

2 n
pq (15)

hOy `@=D 'C=@U=Lt s=Hv= R= TB "CU= pL |=[i Gw= \=kv O=OaD q u; QO xm
[25]%OwW|t h} QaD 16 |x]@=Q pmW x@ x@DQ Qy |=Q@ O}OH

f�(x; t) = f(x; t)
nc(x; t)

(16)

O}rwD |=Q@ "OvwW|t hPL QDtm |oDU}=W =@ |=yxO=O R= |t}v 'Oa@ |xrLQt QO
VwQ R= Qw_vt u}= |=Q@ xm OvwW ?=NDv= u}Or=w O}=@ CUNv 'O}OH |=yxO=O
Qorta R= xO=iDU= =@ u}Or=w ?=NDv= R= TB "CU= xOW xO=iDU= |D@=kQ ?=NDv=
R= VyH Qorta p=ta= =@ "OvwW|t O}rwD O}OH |=yxO=O '13|}x]kvlD `]=kD
pL=Qt CQ=Jwri 2 pmW "OwW|t |Q}owrH |rLt |xv}tm x@ sD} Qwor= |}=Qoty
swRwtwQm Qy x@ ?UDvt |x@DQ Qov=}@ R u; QO xm OyO|t u=Wv =Q sD} Qwor= u}=

"CU=
|R=Uxv}y@ |xr�Ut |Ov@pwtQi "2"1"2

OwHwt |=yO}k w hOy `@=D ?=NDv= 'CtUk u} QDsyt |R=Uxv}y@ |xr�Ut l} QO
xm |Ow}k %OwW|t xO=iDU= |R=Uxv}y@ QO O}k |rm ẁv wO "CU= sDU}U |wQ Q@
sDU}U |=y|HwQN |wQ Q@ xm |Ow}k w OwW|t p=ta= |L=Q] |=yQDt=Q=B |wQ Q@
`@=wD "CU= xOW |Ov@pwtQi |R=Uxv}y@ |xr�Ut CtUk u}= QO "OwW|t p=ta=
"CU= xOW xDiQo Q_v QO 17 |x]@=Q CQwY x@ sDU}U |HwQN |wQ Q@ O}k w hOy
J(1) = min

Z 100�

0
TRd!

J(2) = max
Z 100�

0
bed!

J(3) = max
Z 100�

0
Kdynd!

g : !max(TR) � !sw (17)

|oS} w wO |=Q=O O}=@ |W=aDQ= ?P=Hl} u=wva x@ QwDwtxDUO xmCU= K}[wD x@ sRq
Vy=m ?Hwt |Q}PBp=kDv= Vy=m 'OW=@ O=} R |SQv= lqyDU= w sm |Q}PBp=kDv=
"OwW|t u=v}WvQU |DL=Q V}=Ri= xH}Dv QO w |U=W x@ QwDwt |m}t=v}O C=@ Q[
xv}W}@ swO hOy '|Q}PBp=kDv= Q=Owtv Q} R CL=Ut uOQm xv}tm pw= hOy u}=Q@=v@
=@ |iQ] R= "CU= xOW xDiQo Q_v QO pO=at |}=Q}t ?} Q[ Q=Owtv Q} R CL=Ut uOQm
u}}=B |=yOt=U@ QO QwDwtxDUO |W=aDQ= Q=DiQ |UQQ@ xr=kt u}= hOy xmu}= x@ xHwD
'OW=@ q=@ |m}t=v}O |DiU |=Q=O O}=@ QwDwtxDUO '|Ot=U@ |xOwOLt u}= QO w CU=
Q_v QO QwDwtxDUO |m}t=v}O |DiU Q=Owtv Q} R CL=Ut uOQm xv}W}@ swU hOy TB

|R=Uxv}y@ |=yVwQ R= 'OW=@ sy =@ O=[D QO =yQDt=Q=B u}= |=Q@ xv}y@ Q=Okt x@
|UQQ@ u=mt= OL =D =Q h=Oy= s=tD |R=Uxv}y@ ẁv u}= "OwW|t xO=iDU= xiOyOvJ
OwHw |rm VwQ wO xiOyOvJ |R=Uxv}y@ |=Q@ "Ovm|t xv}y@ u=tRsy CQwY x@ w
"OvwW|t hOy l} x@ p}O@D w `tH Qo}Om} =@ h=Oy= s=tD pw= VwQ QO "OQ=O
|rY= Vr=J VwQ u}= QO "CU= Q=OuRw ẁtHt VwQ xwQo u}= QO VwQ u} QDG}=Q
u}= QO |mOv= C=Q}}eD xm |Qw] x@ "CU= hrDNt h=Oy= |=Q@ |vRw ?}=Q[ u}}aD
VwQ u}= u}vJty "OwW |Dw=iDt ,qt=m |=yMU=B O=H}= ?Hwt CU= umtt ?}=Q[
|=yMU=B uOQw; CUO x@ |=Q@ w OwW|t OL=w MU=B x@ QHvt C}=yv QO |R=Uxv}y@
u}= QO "OwW =QH= |vRw ?}=Q[ hrDNt Q}O=kt |=R= x@ |R=Uxv}y@ Ov}=Qi O}=@ Cw=iDt
xv}y@ |=yMU=B s=tD x@ uO}UQ 'hOy `@=D ?OLD Cra x@ CU= umtt R}v Cr=L
|=yMU=B uOQw; CUOx@ |=Q@ wDQ=B |xy@H R= xO=iDU= swO VwQ "OW=@v Q}PBu=mt=
h=Oy= u; |=yx}=QO xm |Q=OQ@ CQwY x@ hOy `@=D VwQ u}= QO "CU= xv}y@
QO =@ xv}y@ |=yCr=L s=tD C}=yv QO "OwW|t xDiQo Q_v QO 'OW=@|t Q_v OQwt
wDQ=B |xy@H |wQ Q@ "OvwW|t xO=O u=Wv wDQ=B |xy@H |wQ Q@ 'h=Oy= uDiQo Q_v
pmW "OwW QDO@ Qo}O O=[Dt hOy Q=Okt xm OwW|t QDy@ |v=tR hOy l} Q=Okt
12 x]@=Q CQwY x@ wDQ=B |xy@H R= xO=iDU= =@ xiOyOvJ |R=Uxv}y@ |xr�Ut |rm

[25]%CU=
J(y; p) = [J1; :::; Jn]

h(y; p) = 0
g(y; p) � 0
yi;LB � yi � yi;UB (i = 1; :::;m)

y = [y1; :::; yi; :::; ym]

h = [h1(y); :::; hr1(y)]

g = [g1(y); :::; gr2(y)] (12)

w C@=wF Q=OQ@ '|L=Q] |=yQ}eDt Q=OQ@ 'hOy `@=wD Q=OQ@ ?}DQD x@ n w p 'y 'J xm
(yi;UB) q=@ w (yi;LB) u}}=B OL wO u}@ |L=Q] Q}eDt Qy "OvDUy h=Oy= O=OaD
|w=UD sQix@ Ow}k R= |}xDUO pt=W CU= umtt |R=Uxv}y@ "CU= xOW OwOLt
Ow}k O=OaD |xOvyOu=Wv ?}DQD x@ r2 w r1 \@=wQ u}= QO "OW=@ �g� |w=Ut=v w �h�

"OvDUy |w=Ut=v w |w=UD
?wret=v |R=U?DQt =@ xiOyOvJ l}DvS sD} Qwor= "1"1"2

xm CU= |a}@] ?=NDv= |x}=B Q@ |R=Uxv}y@ w wHDUH VwQ l} l}DvS sD} Qwor=
?r=]t x@ xHwD =@ "OyO|t Ow@y@ |YNWt |@=NDv= uwv=k CLD =Q =yxO=O C}atH
l}DvS sD} Qwor= R= xiOyOvJ|xr�Ut |=Q@ xr=kt u}= QO 'p@k CtUk QO xOW xDio
|=Q@ "CU= xOW xO=iDU= 'CU= wDQ=B |xy@H u; |HwQN xm ?wret=v |R=U?DQt =@
R= x}rw= C}atH l} '|L=Q] |xvt=O x@ xHwD =@ =OD@= sD} Qwor= u}= =@ |R=Uxv}y@
x@U=Lt OwHwt C}atH |=R= x@ hOy `@=wD TBU w OwW|t O}rwD |L=Q] |=yQ}eDt
Q=_Dv= OQwt |xH}Dv x@ xHwD =@ h=Oy= R= |m} Q}O=kt |Oa@ |xrLQt QO "OwW|t
hOy u}= Q}O=kt ?}DQD =@ Q_=vDt R}v Qo}O hOy Q}O=kt w C}atH w OwW|t ?DQt
=OH C}atH u=}t R= w |Ov@x@DQ '|}=U=vW ?wret=v |=yxO=O TBU "OvwW|t ?DQt
'=yxO=O QDCN=wvm} `} RwD |=Q@ "OwW|t p=ta=C}atH s=tD |=Q@ OvwQ u}= w OvwW|t
13 |x]@=Q x@ xHwD =@ =OD@= Qw_vt u}O@ "OwW|t xO=iDU= 11|oDU}=W l =QDW= R=
x@U=Lt l} w QiY u}@ Oa@|@ |=[i QO y w z ?=wH CiH u}@ |UO}rk=|xrY=i

[25]%OwW|t
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1|
xQ=t

W'
37

�3
|xQ

wO'
�14

00
Q=y@

�h
}QW

l}
v=mt

|U
Ovyt "QwDwtxDUO |R=Uxv}y@ QO =yv; |xOwOLt w =yQDt=Q=B "1 pwOH

xOwOLt C}tm
�Ap : [0=5Ap:2Ap ] Ap

�kr : [0=8kr : 1=1kr] kr
�br : [0=8br : 1=2br] br

�Ii : [0=5Ii : 2Ii] Ii
�Ri : [0=5Ri : 2Ri] Ri
�Rd : [0=5Rd : 2Rd] Rd
�C1 : [0=5C1 : 2C1] C1

[6]"QwDwtxDUO |m} R}i |=yQDt=Q=B "2 pwOH
Q=Okt OL=w C}tm

5� 10�4 m2 Ap
200 N/mm kr
1000 Ns/m br

4=2848� 1010 kg=m4 Ii
2=129� 1012 Ns=m5 Ri
5=5269� 1012 Ns=m5 Rd

4=6298� 10�15 m5=N C1
4=6629� 10�12 m5=N C2

QDt=Q=B u=wva x@ O}=@ QrB wm|O C=YNWt u}=Q@=v@ 'CU= xDU@=w QrB wm|O OQmrta
|UQv}= Q=}W C=YNWt xm OQm xHwD O}=@ u}= Q@ xwqa "OwW xDiQo Q_v QO |R=Uxv}y@
QwDwtxDUO 'OW=@ nQR@ |UQv}= Q=}W `]kt K]U Qo = ,qFt "OQ=O |U=U= |Wkv R}v
Qo = w Ow@ Oy=wNv O=} R |xvt=O =@ C=W=aDQ= uOQm =Q}t |=Q@ |i=m |}=Q}t O=H}= x@ QO=k
p=kDv= x@ QO=k QwDwtxDUO '|v=yo =v C=W=aDQ= u=tR QO 'OW=@ lJwm `]kt K]U u}=
C=Q}}eD |xOwOLt w |R=Uxv}y@ |=Q@ xO=iDU= OQwt |=yQDt=Q=B "CU}v |i=m p=}U

"CU= xOW xOQw; 1 pwOH QO u;
QO CN=U C}r@=k x@ xHwD =@ ,qwtat |R=Uxv}y@ QO =yQDt=Q=B Q}}eD |xOwOLt
xR=@ u}= R= GQ=N xv}y@ |}x]kv OwHw p=tDL= Qo = |DL 'u}=Q@=v@ "OwW|t xDiQo Q_v
QO xmu}= x@ xHwD =@ "CU}v pw@k p@=k |UOvyt p}qO x@ 'OW=@ xDW=O OwHw R}v
|=yxR=@ R= xr=kt u}= QO 'CU= xOW xDN=U Q_v OQwt QwDwtxDUO [23 w 21 '19]`H=Qt
C}atH O=OaD w 0 15 =@ Q@=Q@ xr=kt u}= QO VyH MQv "CU= xOW xO=iDU= `H=Qt u}=

"CU= xOW xDiQo Q_vQO 500 =@ Q@=Q@

G}=Dv w EL@ "3
QwDwtxDUO R=i |x} w=R w|m}t=v}O|DiU 'G}=Dv|HvUxLY |=Q@ =OD@= 'CtUk u}= QO
|HvUxLY [6]`HQt QO|rta CQwY x@ xm 2 pwOH QO xOW x�=Q= |=yQDt=Q=B |=R= x@
|H=QNDU= |=yMU=B 'CU=XNWt pmW R= xm Qw] u=ty "CU= xOW sUQ 'Ov=xOW
? 3 - pmW QO w |m}t=v}O |DiU C=Q}}eD hr= 3 - pmW QO "Ov=j@]vt sy Q@
OwW|t x_Lqt "Ov=xOW xO=O u=Wv Ot=U@ ?UL Q@ QwDwtxDUO R=i |x} w=R C=Q}}eD
CU= u; |m}D=DU= |DiU Q@=Q@ Q=yJ ,=@} QkD 'QwDwtxDUO |xv}W}@ |m}t=v}O |DiU xm
"O=O Ow@y@ =Q u}}=B |=yOt=U@ QO QwDwtxDUO OQmrta Q=Okt u}= V}=Ri= =@ u=wD|t w
xDN=OQB u; |W=aDQ= Q=DiQ Q@ QwDwtxDUO syt |=yQDt=Q=B Q}F-=D |UQQ@ x@ xt=O= QO

"?wret=v |R=U?DQt =@ |m}DvS sD} Qwor= |=tvOvwQ "2 pmW

umtt |Q}PBp=kDv= Q=Owtv Q} R CL=Ut Vy=m xmu}= x@ xHwD =@ "CU= xOW xDiQo
xO=iDU= g |w=Ut=v O}k R= 'OwW |Q}PBp=kDv= Q=Okt |xv}W}@ V}=Ri= Ea=@ CU=
Ot=U@ !sw w |Q}PBp=kDv= |xv}W}@ Ot=U@ !max(TR) O}k u}= QO "CU= xOW
R= GQ=N x@ =Q QwDwtxDUO |Q}PBp=kDv=xv}W}@ O}k u}= "CU= QwDwt |Q=m |xR=@ ẁQW
QOvr}U Q=yJ QwDwt |Q=m |xR=@ xmu}= x@ xHwD =@ "Ovm|t pkDvt QwDwt |Q=m |xR=@
[1]"CU= xOW xDiQo Q_v QO !sw = 10Hz 'OwW|t ẁQW RDQy 10 R= |rwtat

18 |x]@=Q CQwY x@ xDi=} Q}}eD hOy `@=wD �|Dr=vB� 'xt} QH VwQ p=ta= =@
"OwW|t xDWwv

J(1) = min
�Z 100�

0
TRd!

�
+�1 max

�0; !max(TR) � !sw	
J(2) = max

�Z 100�

0
bed!

�
+�2 max

�0; !max(TR) � !sw	
J(3) = max

�Z 100�

0
Kdynd!

�
+�3 max

�0; !max(TR) � !sw	 (18)

hOy Q=Okt =@ xU}=kt QO ,qwtat =yv; Q=Okt w CU= xt} QH ?} Q[ K3 w K2 'K1
'|r=ta= O}k |=[Q= sOa CQwY QO =D OwW|t xDiQo Q_v QO nQR@ ,=D@Uv x]w@ Qt
xHwD =@ "OwW hPL Q_=vDt |=yxO=O w OyO V}=Ri= COW x@ =Q hOy `@=D Q=Okt
x@ ,=O}OW 'O}OWD Ot=U@ R= QDq=@ |=yOt=U@ QO QwDwtxDUO |}=Q}t Vy=m xmu}= x@
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DUO
|W

=aDQ=
Q=DiQ

|xi
OyO

vJ
|R=

Uxv
}y@

|Q}PB p=kDv= w lqyDU= ?} Q[ |wQ Q@ QwDwtxDUO pO=at CL=Ut Q}F-=D "4 pmW
"QwDwt xDUO

p=kDv= w |m}t=v}O |DiU |wQ Q@ QwDwt xDUO x_iLt |Q}PB h=]av= Q}F=D "5 pmW
"sDU}U |Q}PB

[6]"`HQt G}=Dv =@ QwDwt xDUO |m}t=v}O MU=B xU}=kt "3 pmW

|Q}PBp=kDv= w |}=Q}t?} Q[ Q@ QwDwtxDUO QF-wtCL=Ut Q}F-=D 4 pmW QO "CU= xOW
V}=Ri= =@ CU= XNWt hr= � 4 pmW R= xm Qw] u=ty "CU= xOW sUQ u;
|UQv}= Q=}W R= |QDW}@ p=}U sHL 'u; Q@=Q@ wO =D x}rw= Q=Okt hYv R= 'QF-wt CL=Ut

"OwW|t QwDwtxDUO |}=Q}t ?} Q[ V}=Ri= ?Hwt u}= w Ovm|t Qw@a
"Ov=xOW xO=O u=Wv ? 4 - pmW QO sDU}U swO w pw= |a}@] |=yOt=U@
|xv}W}@ w QwDwt |O=R; |xHQO x@ \w@ Qt Q=Owtv u}= QO xOW Qy=_ pw= |xv}W}@
QF-wt CL=Ut V}=Ri= 'pmW j@] "CU= |UQv}= Q=}W |O=R; |xHQO x@ \w@ Qt 'swO
|UQv}= Q=}W x@ \w@ Qt |a}@] Ot=U@ QO sDU}U uOW QDCiU ?Hwt QwDwtxDUO
CiU u}= |xH}Dv QO u}vJty "OwW|t u; x@ \w@ Qt |xv}W}@ V}=Ri= xH}Dv QO w
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