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|tRQ=wN x=oWv=O 'u=Qta |xOmWv=O '|UOvyt w |vi |xOmWv=O

|}=Q=m x@ Q}N= |=yp=U QO xm 'OvDUy |@v=H sw=kt |=ysDU}U xrtH R= |Q]k |=yxm@W
VvmQOv= QF= |UQQ@ x@ Q[=L VywSB QO "CU= xOW xHwD Q=}U@ Ovr@ |=yu=tDN=U QO =yv;
|Qop=@ Qe |=Q@ |O=a@= |@=}xv}y@ R= w xDN=OQB pO=at |=yQvi p=ta= j} Q] R= l =N |=DU}=

QF-wt w u} wv |=ysD} Qwor= R= |m} '=DU=Q u}= QO "CU= xOW xO=iDU= |Q]k |xm@W
|xQ=tW ^=Lr =@ QwmPt |xr�Ut |=Q@ |Q=mW |=yu}y=W |@=}xv}y@ s=v x@ |Q=mD@==Qi
|xv}y@ |=yKQ] TBU "CU= xOW |R=UxS} w 'xDUUo KQ] |=yQ}eDt u=wva x@ `]=kt

u=mtQ}}eD w VvD Ow}k CLD |iQYt Oqwi uRw |Wy=m hOy `@=D =@ xvwtv |Q]k |xm@W
x@ Q}PBh=]av= w ?rY x=ox}mD Cr=L wO QO O=@ w |rkF u=tRsy |Q=PoQ=@ Q@=Q@ QO xt=vu}};

|xU}=kt '|D}iQ_ p}rLD |] pY=L |=ypOt |UQQ@ =@ 'C}=yv QO "Ov=xOt; CUO
Q}F-=D C=twRrt w =}=Rt xm 'CU= xOW x�=Q= |Q]k |xm@W |=Q@ hrDNt |=yXN=W

|=yXN=W OQw;Q@ |] xmr@ 'xv} Ry Vy=m x=oO}O R= \ki xv =Q l =N |Q}PBh=]av=
"OvyO|t u=Wv QwmPt |Q=DiQ
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VvmQOv= '|O=a@= |@=}xv}y@ '|Q=mD@==Qi sD} Qwor= '|Q]k |xm@W %|O}rm u=oS=w
"O=@ |Q=PoQ=@ 'xR=U w l =N

xtOkt "1
`=O@= |OOaDt |Q=mD@==Qi |=yVwQ uwvm =D [3]"OvwW|t xOv=wN |Q=mD@==Qi 'Ca}@]
sD} Qwor= [4]'l}DvS sD} Qwor= %R= Ov=CQ=@a =yv; u} QDQwyWt xm 'Ov=xOW xO=iDU= w
|wHDUH [7]'u=oJQwt j=iD= |xw}W [6]'?=}xv}y@ C=QP |xDUO [5]'|r[=iD pt=mD
|Q=mD@==Qi |=yVwQu} QDO}OH R=|NQ@ [9]"xDiwmsy x@ C=QP sD} Qwor= w [8]|ovy=ty
[11]'|}=} QO TwQa |xDUO sD} Qwor= [10]'|v=yHOvJ sD} Qwor= %R= Ov=CQ=@a R}v
R= [14]VaDQt C=QP sD} Qwor= [13]'CQ=QL p=kDv= sD} Qwor= [12]'?; Q}N@D sD} Qwor=
'2019 p=U QO xm 'OQ@ s=v =Q [15]'|Q=mW u}y=W |xDUO u=wD|t '=ysD} Qwor= xrtH
|R=UxS} w |Q]k |xm@W |xR=U |O=a@= |xv}y@|L=Q] |=Q@ Q[=L Q=DWwv QO w `=O@=

"CU= xOW
|@v=H |=yQ=@ ptLD |=Q@ xHwD ?r=H |=ysDU}U R= |m} '|Q]k |xm@W
QDW}@ QO s�=k uwDU |=H x@ ?Qwt w[a |v} Ro}=H u=mt= =@ Ovr@ |=yxR=U QO
X=N Cw=iD [18�16]"CU= u; |rY= |=yxRQ=@ R= |m} u=wva x@ QwmPt |=yKQ]
|xS} w V}=Q; QO |v=tDN=U |=ysDU}U w =yxR=U Qo}O =@ |Q]k |xm@W sDU}U
QDW}@ ZQi 'uwvm =D "Ovm QDh]avt =Q xR=U |Q=tat |OwOL =D Ov=wD|t xm 'CU= u;
|Q=}U@ QO "CU= xR=U |B uOw@ ?rY '|Q]k |=yxm@W QO xOW s=Hv= |=yVywSB
QF= |UQQ@ x@ Q[=L VywSB =Pr 'CU= xOw@v j@]vt C}ak=w Q@ Q}N= ZQi 'OQ=wt
u}O@ "CU= xDN=OQB |wDUt |Q]k |=yxm@W Q=DiQ w |L=Q] QO l =N |Q}PBh=]av=

�|R=Uxv}W}@ =}�|R=Uxv}tm "OQ=O|ak=w|=}vOp�=Ut QO|}xOQDUo OQ@ Q=m|R=Uxv}y@
l} "CU= u; |=yOQ@ Q=m R= |m} \ki 'Ow}k R= |}xawtHt CLD hOy `@=D l}
|@=}xv}y@ |xr�Ut ?wJQ=J QO hrDNt |=yKQ] |Qop=@ Qe 'Qo}O syt OQ@ Q=m
xm 'p=Ft OvJ x@ =iDm = =@ |rm smL jq]= '=yxR=U Q=DiQ |UQQ@ s=ovy QO "CU=
swRr Qt= u}= "CU}v pw@k p@=k w xO}OvUB 'OvW=@ xOW KQ] |Y=N |xw}W uwO@

"OR=U|t Q=mW; =Q |Oa@ |=y|UQQ@ R= p@k |Qop=@ Qe
'MU=B |=yXN=W Q}=U w R} Qo '=yu=mtQ}}eD '=yVvD %Ovv=t '|Ow}k OQw;Q@
s=Hv= |OOa |=yVwQ =@ |ak=w OQ=wt ?re= QO xm &CU= xR=U p}rLD OvtR=}v
|r}rLD CQwY x@ xOW xt} QH hOy `@=D QO QwmPt Ow}k 'Qo}O CQ=@a x@ "OwW|t
'|r�=Ut u}vJ |@=}xv}y@ |=Q@ TB "OvW=@ |Q}ojDWt p@=k =D 'Ov};|tv CUO x@

"CU= Q}PB=v?=vDH= |Q}ojDWt R= pkDUt |=yVwQ OQ@ Q=m
|=yxRwL QO |a}@] |=yOv}=Qi R= s=yr= =@ =ysD} Qwor= u}= R= |tyt |xDUO
C=OwHwt |=yxvwo|NQ@ Q=DiQ =}|DN=vWCU} R '|t}W 'l} R}i '|a=tDH=hrDNt
R= xDiQo s=yr= uQOt |=yVwQ ?re= 'T=U= u}= Q@ [2 w 1]"Ov=xOW G=QNDU= xOvR

pw�Ut xOvU} wv �
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u} QDy@ 'u}y=W Qy |=Q@ w xQ}NP gbest OQ=OQ@ QO xOW Ci=} C}akwt u} QDy@ 'TBU
|=yC}akwt O=H}= |=Q@ =yQ=OQ@ u}= "OwW|t u}}aD xbest u=wva x@ u; |OQiC}akwt
|xHQ}W w xta] |y=o ; p=tDL= |xv=DU; j@] |DmQL u}v=wk j]vt x@ xHwD =@ O}OH

"OvQ=O OQ@ Q=m u}y=W
=yu}y=W C}akwt |v=UQRwQ x@ w O}OH |=yC}akwt O=H}= "4 s=o

s}_vD �2 'xta] uOQm p=@vO w wHDUH �1 %|xrLQt xU QO u}y=W |Q=mW Q=DiQ
"CU= xOW |R=Ux}@W KQW u}= x@ &xHQ}W |=QH= �3 w xHQ}W

wO '�AP,DP� xHQ}W w |y=o ; p=tDL= |xv=DU; |=yC@=F =@ xU}=kt |=Q@
O}rwD u}y=W Qy |=Q@ 1 w 0 u}@ CN=wvm} `} RwD =@ �PAP ; PDP � |iO=YD OOa
|x@ QHD w OwN |x@ QHD j@=]t u}y=W 'OW=@ QDtm AP R= PAP Qo = TBU "OwW|t

%OyO|t s=Hv= 5 |x]@=Q j@]=Q xta] |wHDUH |xrLQt '=yu}y=W Qo}O
xiter = xiter�1 + viter�1+

rcc(xbest;iter�1 � xiter�1) + rsc(gbest;iter�1 � xiter�1) (5)

"OvDUy u}y=W CaQU w |rai C}akwt ?}DQD x@ viter�1 w xiter�1 'u; QO xm
"OwW|t xU}=kt DP =@ xHQ}W p=tDL='OW=@ QDq=@ AP R= PAP xm |DQwY QO
|xta] u=wva x@ hO=YD x@ =QC}atH w[al} u}y=W 'Ow@ QDq=@ DP R= PDP Qo =
6 |x]@=Q =@ =Q xHQ}W s}_vD |xrLQt w OyO|t Q=Qk hOy '�xchosen� ?NDvt

%Ovm|t =QH=
xiter = xiter�1 + jxchosen � xiter�1j exp (bt) cos (2�t) (6)

|iO=YD |OOa t w OyO|t u=Wv =Q |tD} Q=or I}B Q=t pmW b C@=F 'u; QO xm
xHQ}W |=QH= |xrLQt 'OW=@ QDtm AP R= PAP Qo = "CU= ��1'1� |xOwOLt QO
R= xm 'OwW|t =QH= 7 |x]@=Q =@ |]QW x@ xHQ}W p=L u}= QO "OUQ|t =Qi
j@] xvQo w OW=@ u}y=W |rai C}akwt R= QDy@ xta] C}akwt 'hOy `@=D O}O
Q@ OwN |r@k C}akwt |wU x@ w OwW|t hQYvt xHQ}W R= u}y=W '8 |x]@=Q

"OOQo|t
xiter = xiter�1 + viter�1 + fcr (xchosen � xiter�1) (7)

xiter = xiter�1 + viter�1 + ccr (xbest;iter�1 � xiter�1) (8)

CaQU C}=aQ |=Q@ u}y=W Qy |=Q@ Q}N= |xrLQt xU R= pY=L O}OH C}akwt
Q}O=kt ,=@k=aDt "OwW|t OQw;Q@ u; hOy `@=D TBU w KqY= =yQ}eDt OwOL w xv}W}@

"OvwW|t s=ovy x@ xbest w gbest
ut[ =yu}y=W u}@ |}=@ Qxta] |xO}OB '4 s=o |] xOW h}YwD pL=Qt QO

"CU= xOW |R=Ux}@W Q=OQ@ ?=NDv=
|}=Qosy pQDvm "5 s=o

CWoQ@ =@ QwmPt OvwQ 'OW=@ QDtm �itermax� ZQiV}B Q=Okt R= Q=QmD |xQ=tW Qo =
"OwW|t sqa= |@=}xv}y@ |xH}Dv 'xkrL R= GwQN =@ xvQow 'OwW|t Q=QmD 4 s=o x@

|B Cr=L wO QO |Q]k |xm@W p=Ft |=Q@ 'R=Ht |L=Q] umtt `=wv= =OD@= 'Qw_vt
|xv}y@ |=yKQ] TBU "OvOW p=@ Qe |@=}xv}y@ R= xO=iDU= =@ 'Q}PBh=]av= w ?rY
|=yXN=W =@ =yv; Q=DiQ w |UQQ@ uwRi=Q=@ |D}iQ_ p}rLD R= xO=iDU= =@ pY=L
Q} R l =N |Q}PBh=]av= |R=UpOt C}ty= =D 'Ov=xOW xU}=kt w u=}@ MU=B hrDNt
'|vt}= O}O R= xJ w |O=YDk= |xiQY O}O R= xJ 'xar=]t OQwt |=yxR=U QO |B

"OwW Q=mW;

u}y=W |@=}xv}y@ sD} Qwor= |iQat "2
|=ysD} Qwor= u} QDO}OH R= |m} '1 FOA Q=YDN= x@ =} u}y=W |@=}xv}y@ sD} Qwor=
|R=Ux}@W =@ x]@=Q QO |Q=mD@==Qi |=ysD} Qwor= |xDUQ QO Ca}@] R= xDiQo s=yr=
Q@ =yv; Q=mW OQ@y=Q w OvQ=O |O=Qiv= |oOvR =yu}y=W [15]"CU= |Q=mW u=oOvQB Q=DiQ
|Q=mW u=oOvQB '=yVywSB j@] "CU= |R=wQB |=ywor= R= |wQ}B =@ w u=WR=}v T=U=
[19]'OvQ=O |vLvt XNWt |=yQ}Ut 'OwN |xta] x@ uO}UQ |=Q@ u}y=W xrtH R=
OwN QU u}y=W u; |] QO xm 'CU= |tD} Q=or I}B Q=t l} 'pw= %OQ=O VN@ wO xm
|}=v}@ OL u} QDW}@ =@ 'xta] p=@vO x@ u}iQ] QO xm |r=L QO 'OQ=O|t xov h=Y =Q
xta] CtU x@ ,=t}kDUt u}y=W u; |] QO xm 'CU= s}kDUt Q}Ut l} 'swO &CU=
|tWJ wO O}O =@ =Q xta] xm OW=@ l}ORv |i=m |xR=Ov= x@ |Dkw w Ovm|t R=wQB
x@ =yu}y=W |Q=mW CmQL 'u}=Q@=v@ [20]"OvR|t xHQ}W u; CtU x@ 'Ovm xOy=Wt
s}_vD |=Q@ |tD} Q=or I}B Q=t �2 'xta] |wHDUH �1 %OwW|t s}UkD xrLQt 3
Qwv=t =@ u}y=W 'OwWv QHvt xta] uDiQo x@ xHQ}W Qo = "xHQ}W s=Hv= �3 w xHQ}W
uOw@ Q |xO}OB 'xwqa x@ "OOQo|t R=@ CmQL u}= R= OwN C=}@ QHD T=U= Q@ |R=wQB
=@ '=ys=o u}= QO =Pr "CU= pw=ODt |Q=mW u=oOvQB u}@ QO Qo}O |xOvQB R= xta]
%CU= xOW |iQat u}y=W |@=}xv}y@ sD} Qwor= '=yu}y=W |Q=mW Q=DiQ |R=Ux}@W

|rQDvm |=yQDt=Q=B |x}rw= |yOQ=Okt "1 s=o
p=ta= =yC}OwOLt w |Q}os}tYD |=yQ}eDt pt=W '|R=Uxv}y@ |xr�Ut |Ov@pwtQi
C@Uv '�NP� =yu}y=W O=OaD p}@k R= FOA |rQDvm |=yQDt=Q=B 'TBU "OwW|t
'(Sc) |a=tDH= '(Cc) |DN=vW ?}=Q[ '(�) OwOL x@ R=Ht |xv}W}@ CaQU
"OvwW|t s}_vD �DP� xHQ}Wp=tDL= w �AP�|y=o ; p=tDL= |xv=DU; w (fc) |wQ}B

=yu}y=W |x}rw= CaQU w C}akwt u}}aD "2 s=o
=@ |iO=YD Q}O=kt ltm x@ |Oa)@ D |=[i QO =yu}y=W |x}rw= C}atH T} QD=t

%1 |x]@=Q OvwW|t O=H}= KQ] |=yQ}eDt |xOwOLt QO CN=wvm} `} RwD

x =

26664
x1;1 : : : x1;D

... : : :
...

xNP;1 : : : xNP;D

37775 (1)

x@ =yv; CaQU u}vJty "CU= u}y=W l} C}akwt x |Q]U Q=OQ@ Qy 'u; QO xm
%3 w 2 \@=wQ OvwW|t |yOQ=Okt w |=yC}OwOLt u}@ |iO=YD Qw]

vmax = �:ub (2)

vmin = �vmax (3)

"CU= Oa@ D pt=W w KQ] Q}eDt |=Q@ q=@ OL Q=OQ@ ub '=yv; QO xm
|OQi w |QU=QU |=yC}akwt u} QDy@ uOQm =O}B w ?=wH u} QDy@ |@=} RQ= "3 s=o

62
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yt " NI = 100 w NP = 70 Q@ xwqa xOW xO=iDU= |=ysD} Qwor= |rQDvm |=yQDt=Q=B "1 pwOH
lQDWtQ}e |rQDvm |=yQDt=Q=B sD} Qwor=

fc = cc = sc = 2=0 b = 1=0 � = 0=1; DP = 0=8; AP = 0=1 [15]'FOA

Pc = 0 9; Pm = 0 1 [4]'GA

Cw = Cc = Cs = 2 0 [6]'PSO

x = 0; y = 1; z = 0; F = 1; CR = 0 5 [5]'DE

� [22]'JA

� [23]'WOA

"CU=[a= |Qeq � w =yxQo O=OaDNn '=yxQo|}=Hx@=H d '-=[a=VvD � '=yv; QO xm
QO 14 |x]@=Q |xt} QH `@=D 'u}y=W |xDUO |Q=mD@==Qi sD} Qwor= |=QH= |=Q@
�xOWv xt} QH� s=N uRw u=ty w w xt} QH ?} Q[ kp 'u; QO xm 'OwW|t xDiQo Q_v

"CU= xR=U CrmU=

Minimize : q(x) = w
�
1 + kp

X
max(g(x); 0)

�
(14)

|UOvyt p�=Ut |=yp=Ft =@ sD} Qwor= |}=Q=m |@=} RQ= "4
|vi C=}@O= QO hrDNt uwtR; `@=wD p�=Ut pL QO =yu}y=W sD} Qwor= |HvUQ=@Da=
|=yVwQ =@ |Q=mW u}y=W sD} Qwor= |}=Q=m 'Q[=L VN@ QO [15]"CU= xOW x�=Q=
"CU= xOW xU}=kt O}kt |UOvyt |xr�Ut OvJ ltm x@ |Q=mD@==Qi |xOW xDN=vW
Cw=iD u}= =@ 'CU= xOW xO=iDU= 14 |x]@=Q xt} QH `@=D sQi u=ty R= Qw_vt u}O@

"CU= xDiQo Q=Qk xr�Ut Qy |xv} Ry `@=D 'xR=U uRw |=H x@ xm
sD} Qwor= %R= Ov=CQ=@a FOA u}y=W sD} Qwor= Q@ xwqa xOW |UQQ@ |=yVwQ
sD} Qwor= [5]'DE |r[=iD pt=mD [6]'PSO ?=}xv}y@ C=QP |xDUO [4]'GA l}DvS
=yVwQ K}LY |xU}=kt |=Q@ [23] WOAnvyv|@=}xv}y@ sD} Qwor= w JA[22] =}=H
C}atH|iO=YD O=H}= =@ '=ysD} Qwor= pkDUt |=y=QH= R=l} Qy ẁQW 'xr�Ut Qy QO
<=[a= O=OaD lQDWt Qw] x@ =yVwQ |xty QO "CU= xDiQo s=Hv= |v=Um} |x}rw=
Q}=U '1 pwOH QO "Ov= xOW ZQi NI = 100 Q=QmD O=OaD w NP = 70 C}atH
|=yQDt=Q=B h} Q=aD "CU= xOW x�=Q= sD} Qwor= Qy QO xDiQ Q=m x@ |rQDvm |=yQDt=Q=B
CyH x@ =Hu}= QO w Ci=} u=wD|t '1 pwOH QO QwmPt Q_=vDt `HQt QO =Q VwQ Qy
sD} Qwor= lQDWtQ}e |rQDvm |=yQDt=Q=B "CU= xOW |Q=OOwN =yv; Q=QmD R= Q=YDN=
[15]'�2019� u=Q=mty w 3wrUvwmU=w Q=DWwv x@=Wt 'OvDUy Oa)@|@ xm R}v 'u}y=W

"Ov=xOW ?=NDv=

lR=v Q=OH uwDU |L=Q] "1"4
x@ |vi C=}@O= QO TBU w [24]|iQat �2009� 4w�=Q \UwD Q[=L |xr�Ut
QwmPt |=yQ}eDt "CU= xOW KQ]t KQ] Q}eDt wO =@ |UOvyt |xr�Ut l} u=wva
|wQ}v xm 'lR=v Q=OH uwDU `]kt QO xrwr Ct=N[ w \UwDt Q]k %R= Ov=CQ=@a
� = Kr=Yt |r=oJ "Ovm|t ptLD 1 pmW j@] =Q P = 2500kgf |Q=Wi
�Y = 500kgf=cm2 |v=UWm pwOt 'QDt 2 5 xrwr pw] 0=0025kgf=cm3

|R=Uxv}tm hOy "CU= E = 0=85 � 106kgf=cm2 Q@=Q@ s}rUD VvD w
j@] Qrw= |Wv=tm w p=tQv VvD |=yO}k ^=Lr =@ uwDU Kr=Yt w CN=U |xv} Ry

"CU= 18 |r= 15 \@=wQ QO [24]'�2009� w�=Q Q=DWwv QO xOW x�=Q= |Ov@pwtQi

sD} Qwor= |R=UxS}w w |@=}xv}y@ |xr�Ut KQ] "3
<=[Q= ut[ |iQYt Oqwi uRw |R=Uxv}tm hOy 'Q[=L |@=}xv}y@ |xr�Ut QO
'VvD Q@ xwqa "CU= |}xQo |}=Hx@=H w =[a= VvD '|}xt=vu}}; |=yC}OwOLt
|L=Q] |xt=vu}}; j@] O}=@ xm 'OQ=O OwHw R}v |OOaDt |Q=DiQ |=yC}OwOLt
|=Q@ xS} w x@ &CU= |OOa Q}o =B w CUO C=}rta l} u}= xm [21]'OvwW |@=} RQ=
|iQ] R= "OwW p=ta= ,=t}kDUt Ov=wD|tv |r}rLD VwQ I}y xm |Dkw 'nQR@ |=yxR=U
OwOLt X=N |xDUUo CUQyi l} x@ ,qta OwHwt |Q=DN=U |=yp}iwQB 'Qo}O
xDUw}B Cr=L R= QDxO}J}B 'xDUUo |R=Uxv}y@ OwW|t Ea=@ ,=twta xm 'OvwW|t

"OwW
C=YNWt sy w `]kt K]U sy 'Q_v OQwt |xR=U <=[a= `]=kt xm =Hu; R=
|=yQwLt pwL uw}U=Q} S `=aW w |UQv}= u=tt %p}@k R= '|L=Q] R=}v OQwt Qo}O
`]kt K]U =Q KQ] Q}eDt '=B QN p�=Ut Ovv=ty u=wD|tv 'OvQ=O =Q |aQi w |rY=
`]kt |xQ=tW |va} 'xDUUo |=yQ}eDt =@ xr�Ut Qw_vt u}O@ "CiQo Q_v QO xDUw}B
|}xDUw}B Q}O=kt "CU= xOW|U} wvxt=vQ@ 2?rDt\}Lt QO w |R=UxS} w '?=k <=[a=
|}=WoRtQ w OQo K}LY |=yQ}eDt x@ xR=U p}rLD R= p@k 'Ov}; O}OB =QH= |] ,=v=}L= xm
xO=O 9 |x]@=Q j@] |w[a xwQo m =@ |}xR=U |=Q@ KQ] |=yQ}eDt Q=OQ@ "OvwW|t

%OwW|t
x = hIii ; i = 1; 2; :::;m (9)

A =yv; `]kt K]U QO L =[a= pw] Q=OQ@ |rN=O ?Q[ R= xR=U sHL TBU
10 |x]@=Q ltm x@ Ow}k CLD � |r=oJ =@ CrmU= uRw |@=}xv}y@ w x@U=Lt

%OwW|t |Ov@pwtQi
Min w(x) = �L0 �A(x)

S:t: gi (x) � 0 (10)

11 \@=wQ CQwY x@ R=Ht |}=Hx@=H w VvD |=yC}OwOLt pt=W gi(x) |=y`@=D
%OvwW|t x�=Q= 13 |r=

gk�(x) = �k
(�k)allowable

� 1 � 0 k = 1; 2; :::; Nd
(11)

gnd (x) = dn
(dn)allowable

� 1 � 0 n = 1; 2; :::; Nn
(12)

gk�(x) = �k
(�k)allowable

� 1 � 0 k = 1; 2; :::; Nd
(13)
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xv}y

@KQ
]Q

Ol
=N|

Q}PBh
=]av

=Q}F
- =D"lR=vQ=OH uwDU |L=Q] QO G}=Dv |xU}=kt "2 pwOH

u} QDy@ u}ov=}t Q=}at h=QLv= sD} Qwor=
26/531 26/531 0/000 FOA

26/786 27/072 0/226 GA

26/588 26/984 0/272 PSO

26/531 26/534 0/002 JA

26/534 26/550 0/013 DE

26/541 27/637 0/962 WOA

"lR=vQ=OH uwDU KQ] QO xv} Ry `@=D |}=Qosy u} QDy@ |xU}=kt "3 pmW

[25]"|QwLt Q=@ CLD I}B Q=t Qvi "4 pmW

xDi=} CUO xv} Ry `@=D u} QDtm x@ w xOQm Qw@a |rLt |xv}y@ s=O R= Qo}O |=yVwQ
"CU=

I}B Q=t Qvi |L=Q] "2"4
xOW |UQQ@ I}B Q=t Qvi l} |L=Q] 'l}Uqm p�=Ut u} QDpw=ODt R= |m} u=wva x@
O=OaD QO Qvi Kr=Yt sHL u} QDtm x@ |@=}CUO u; R= hOy xm '4 pmW CU=
%pt=W 'xr�Ut Ow}k xm \QW u}= =@ &CU= u; |xOvR=U pwDit |=yQwO R= |YNWt
|xv}W}@ 'ZwQit Q=@CLD u; pw] Q}}eD =} Qvi |tQv |xv}tm '|O=a@= |=yC}OwOLt

"OvwW <=[Q= Qvi QO 5GQU Ot=U@ |xv}tm w Qvi Kr=Yt |WQ@ VvD
w x2 = D \UwDt Q]k 'x1 = d Ct=N[ %R= Ov=CQ=@a KQ] |=yQ}eDt
pwDit QwO l} 'Qvi |=yDv= Qy QO "x3 |va} Qvi |xOvR=U pwDit |=yQwO QF-wt O=OaD
RmQtD ?} Q[ ?UL Q@ Qvi QO |WQ@ VvD "OwW|t ZQi QFwtQ}e �QwO wO ,=atH�
QO xm 'OvwW|t x@U=Lt 21 |x]@=Q j@] ! Ot=U@ w 20 w 19 \@=wQ j@]k VvD

[24]"|Q=Wi Q=@ CLD |}xrwr uwDU C=YNWt "1 pmW

"lR=vQ=OH uwDU |L=Q] QO u}y=W sD} Qwor= |}=Qosy |xJN} Q=D "2 pmW

min f(X) = 5�l�x1x2 + 2x1 = 9 82x1x2 + 2x1 (15)

s:t: �
�Y
� 1 � 0 (16)

�
�b
� 1 � 0 (17)

2 � x1 � 14; 0 2 � x2 � 0 8cm (18)

QO Q}N= `HQt j@] u; j}kO pL xm CU= xOw@ CyH u; R= Q[=L |xr�Ut ?=NDv=
f� = 26=531 hOy `@=D x@ QHvt w xOw@ Vv=tm w s}rUD VvD O}k wO `]=kD pLt

"CU= xOW
QO |vwvm |xQ}eDt wO |xr�Ut QO |R=Ht u}y=W 70 CmQL |xJN} Q=D
sD} Qwor= u; j@=]t xm 'OwW|t xOy=Wt 2 pmW QO hOy `@=D R=QD \w]N Q=vm
|QU=QU |xv}y@ |x]kv pwL QO =Q wHDUH \=kv QDW}@ CU= xDUv=wD u}y=W
=yVwQ |=QH= |xH}Dv "O@=} CUO u; x@ ,=D}=yv =D 'Ovm RmQtDt x� = (5=4; 0=3)

sD} Qwor= \ki 'xOW xO=iDU= |=yVwQ u=}t QO "CU= xOW x�=Q= 2 pwOH QO
=@ 'Ov@=} CUO |QU=QU |xv}y@ x@ Ov=xDUv=wD =}=H VwQ R}v w |Q=mW u}y=W
u} Q}=U Q@ 1=8 � 10�6 R}J=v Q=}at h=QLv= =@ u}y=W sD} Qwor= xm Cw=iD u}=
O} -wt xm 'Ov=xOW xU}=kt |}=Qosy |=yQ=Owtv R}v '3 pmW QO "CU= xDW=O |QDQ@
|NQ@ hqNQ@ u}y=W sD} Qwor= xm OwW|t xOy=Wt "CU= u}y=W sD} Qwor= |QDQ@
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yt "I}B Q=t Qvi |L=Q] QO Q[=L VywSB G}=Dv "3 pwOH
u} QDy@ u}ov=}t Q=}at h=QLv= sD} Qwor=

0/012666 0/017729 0/0103 FOA

0/012816 0/014485 0/0015 GA

0/012827 0/012827 0/0125 PSO

0/012821 0/015534 0/0076 JA

0/012728 0/013342 0/0012 DE

0/012730 0/013470 0/0010 WOA

"I}B Q=t Qvi |L=Q] QO =yVwQ G}=Dv |xU}=kt "4 pwOH
hOy `@=D |v=wN=Qi O=OaD hOy `@=D Q=Okt x3 x2 x1 sD} Qwor=

7000 0/012666 11/57085 0/352002 0/051492 FOA

30000 0/012742 10/89522 0/363953 0/051989 [26] ES

80000 0/012665 11/289011 0/356716 0/51689 [27] CSA

20000 0/012675 11/244543 0/357644 0/051728 [28] CopSo

"I}B Q=t Qvi KQ] QO xOW xt} QH |xv} Ry `@=D |}=Qosy |xU}=kt "5 pmW

|vi C=}@O= G}=Dv =@ Q[=L VywSB QO u}y=W sD} Qwor= |xH}Dv '4 pwOH QO
|xH}Dv '|vwvm p=Ft QO "Ov=xOW =QH=|Dw=iDt ẁQW \=kv =@ xD@r= xm 'CU= xOW xU}=kt
QDW}@ |D=@U=Lt |xv} Ry Q@=Q@ OvJ hQY <=R= QO CSA =ydqm |wHDUH sD} Qwor=
OyO|t u=Wv 4 pwOH "CU= u; R= QDy@ �1 OwOL \ki 'u}y=W sD} Qwor= x@ C@Uv
xDW=O |@U=vt x=o}=H R}v QwmPt |vi C=}@O= |=yVwQ u=}t QO u}y=W sD} Qwor= xm

"CU=

Q=Wi CLD uRNt |L=Q] "3"4
uRNt l} CN=U |xv} Ry Vy=m R= CQ=@a hOy 'Q[=L l}Uqm |xr�Ut QO
%pt=W '?}DQD x@ QwmPt |=yQ}eDt "�6 pmW� CU= KQ] |=yQ}eDt =@ Q=Wi CLD
'x2 = Th =yVwB QO |xQ=OH Ct=N[ 'x1 = Ts xv=wDU= |xQ=OH Ct=N[

"OvDUy L uRNt |}xv=wDU= VN@ pw] w R |rN=O Q]k
uO=O pmW w uRNt |xQ=OH |Rri Kr=Yt |xv} Ry pt=W 'pm |xv} Ry `@=D

"OvwW|t |iQat � Kr=Yt |r=oJ w G |WQ@ pwOt '|QwLt Q=@ '=yv;
� = 8kPD

�d3 (19)

k = (4D � d)
4(D � d)

+ 0 615d
D

(20)

! = d
2x3D2

r
G
2� (21)

22 \@=wQ CQwY x@ xr�Ut |Ov@pwtQi [25]'|vi C=}@O= \@=wQ |R=UxO=U R= TB
%CU= xOW x�=Q= 27 |r=

min f(X) = (2 + x3)x2x12 (22)

s:t: : g1 (x) = 1�
�

x32x3
71 785x41

�
� 0 (23)

g2 (x) = 4x22 � x1x2
12 566(x31x2 � x41)

+
� 1

5108x21

�
� 1 � 0

(24)

g3 (x) = 1�
�140 45x1

x22x3

�
� 0 (25)

g4 (x) = x1 + x2
1 5 � 1 � 0 (26)

0 05 � x1 � 2 00; 0 25 � x2 � 1 30; 2 00 � x3 � 15 00
(27)

Ow}k <=[Q= ut[ 'Q=QmD 100 |] u}y=W sD} Qwor= xm CU= u; R= |m =L G}=Dv
=yVwQ Q}=U u=}t QO '0/01266594 |va} 'xv} Ry `@=D Q=Okt u} QDtm x@ xr�Ut
h=QLv= w u}ov=}t xwqa x@ "CU= xDi=} CUO Q[=L VywSB QO u=tRsy |=QH= =@
"OQ=O Q=Qk |rw@k p@=k |x@DQ QO 3 pwOH j@] =yVwQ Q}=U =@ xU}=kt QO u; Q=}at
u} Q}=U x@ C@Uv |QDy@ |}=Qosy 'u}y=W sD} Qwor= R}v |vwvm p=Ft QO '5 pmW j@]

"CU= xDW=Po V}=tv x@
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=Q}F
- =D"�pw= |Ov@pwtQi� Q=Wi CLD uRNt KQ] QO Q[=L VywSB G}=Dv "5 pwOH

u} QDy@ u}ov=}t Q=}at h=QLv= sD} Qwor=
6059/718 6345/993 389 FOA

8473/012 9337/74 536 GA

6449/134 7789/566 949 PSO

6269/111 6642/469 409 JA

6578/385 7328/354 592 DE

7078/647 10579/906 2575 WOA

"�pw= |Ov@pwtQi� Q=Wi CLD uRNt KQ] QO =yVwQ G}=Dv |xU}=kt "6 pwOH
hOy `@=D |v=wN=Qi O=OaD hOy `@=D Q=Okt x4 x3 x2 x1 sD} Qwor=

7000 6059/718 176/6369 42/0984 0/4375 0 8125 FOA

25000 6059/745 176/6405 42/0891 0/4375 0/8125 [26] ES

200000 6061/077 176/7465 42/0912 0/4375 0/8125 [28] CopSo

250000 6059/714 176/6365 42/0984 0/4375 0/8125 [27] CSA

"�pw= |Ov@pwtQi� Q=Wi CLD uRNt KQ] QO =yVwQ |}=Qosy |xU}=kt "7 pmW
,=t=tD =Q xr�Ut u=QoWywSB R= |NQ@ "OyO|t u=Wv Q[=L |xr�Ut pL QO =Q u}y=W
33 |x]@=Q |v} Ro}=H |] swO |Ov@pwtQi =Pr w Ov=xOQm pL xDUw}B |=yQ}eDt =@

%CU= xOt; CUO x@ 34 w
0 � x1; x2 � 10; 10 � x3 � 200; 10 � x4 � 200 (34)

=Q u; G}=Dv xm 'CU= xOW pL swO |Ov@pwtQi =@ Qo}O Q=@ Q=Wi CLD uRNt p=Ft
"OQm xOy=Wt u=wD|t 8 w 7 |=ypwOH QO

QO xOW xO=iDU= |=yVwQ Q}=U Q@ u}y=W sD} Qwor= |QDQ@ '7 pwOH j@]
"CU= OwyWt sy G}=Dv u}ov=}t QO xmr@ 'u} QDy@ O}O R= \ki xv Q[=L VywSB
|xv}y@ Q=Okt x@ xDUv=wD 'OvDUy xDUw}B =yQ}eDt s=tD xmCr=L u}= QO u}y=W sD} Qwor=
|Ov@pwtQi� xDUw}B - xDUUo |@}mQD Cr=L R= QDtm xm 'O@=} CUO 5885/685
|x}rw= C}atH =@ xH}Dv Ow@y@ �1 R= QDtm <=R= QO TwQ} w |vwrm sD} Qwor= "CU= �pw=
QDj}kO |UQQ@ ut[ "CU= xOQm hQY |D=@U=Lt sHL Q@=Q@ 5 R= V}@ 'Cw=iDt
|=yVwQ Q}=U Q@ u}y=W sD} Qwor= |}=Qosy |QDQ@ 'u=Um} |x}rw= C}atH OQ@ Q=m =@
QO |QDW}@ hqDN= 'Cr=L u}= QO "OwW|t Q=mW; 8 pmW QO Q[=L VywSB

"OwW|t xOy=Wt 7 pmW pw= |Ov@pwtQi x@ C@Uv |}=Qosy |=yQ=Owtv

[32]"u; VwB QO wO R= |m} w |}xv=wDU= Q=Wi CLD uRNt V}=tv "6 pmW
=@ xDUw}B - xDUUo |@}mQD CQwY x@ xr�Ut |Ov@pwtQi "CU= u; |Q=mWwH w
R= xDUUo |@ Q=[t O}=@ =yCt=N[ u; j@] xm 'OwW|t u=}@ 33 |r= 28 \@=wQ

[29]"OvW=@ Iv}= 0/0625
min f(X) = 0 6224x1x3x4 + 1 7781x23x2+

3 1661x21x4 + 19 84x3x21 (28)

s:t: g1 (x) = 0 0193x3 � x1 � 0 (29)

g2 (x) = 0 00954x3 � x2 � 0 (30)

g3 (x) = 1296000� �x23x4 � 4
3�x

33 � 0 (31)

g4 (x) = x4 � 240 � 0 (32)

x1; x2 2 f1; :::; 99g � 0 0625; 10 � x3 � 200; 10 � x4 � 200
(33)

'CU= xOW x�=Q= xDUw}B - xDUUo|@}mQD |Ov@pwtQi QO xr�Ut pL G}=Dv '5 pwOH QO
R= 'Q[=L VywSB |=QH= QO =yVwQ Q}=U x@ C@Uv u}y=W sD} Qwor= u; j@=]t xm
O} -wt '7 pmW "OQ=O |QDQ@ hOy `@=D Q=}at h=QLv= w u}ov=}t 'xH}Dv u} QDy@ x=oO}O
u} QDy@ |vi C=}@O= QO '6 pwOH j@] "CU=yVwQ |}=Qosy Q=Owtv O}O R= |QDQ@ u}=
|xH}Dv =@ �1 R= QDtm xm 'CU= 6059/714 Q@=Q@ xr�Ut |Ov@pwtQi u}= |xH}Dv
xm =Hu; R= "OQ=O hqDN= 6059/714 |va} Q[=L VywSB QO u}y=W sD} Qwor=
sD} Qwor= |}=Q=m 'CU= xOW pY=L hOy `@=D OQw;Q@ 7000 \ki |] 'Q}N= |xH}Dv
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yt "�swO |Ov@pwtQi� Q=Wi CLD uRNt KQ] QO Q[=L VywSB G}=Dv "7 pwOH
hOy `@=D |v=wN=Qi O=OaD u} QDy@ u}ov=}t Q=}at h=QLv= sD} Qwor=

7000 5885/685 6789/682 716 FOA

7000 8947/839 9622/824 467 GA

7000 6039/998 8859/548 2032 PSO

7000 6170/807 7110/067 1571 JA

7000 6425/115 7381/206 634 DE

7000 6300/566 10669/588 3422 WOA

"�swO |Ov@pwtQi� Q=Wi CLD uRNt KQ] QO =yVwQ G}=Dv |xU}=kt "8 pwOH
hOy `@=D |v=wN=Qi O=OaD hOy `@=D Q=Okt x4 x3 x2 x1 sD} Qwor=

7000 5885/685 199/9835 40/3208 0/3847 0/7782 FOA

4000 5889/911 198/7623 40/4090 0/3855 0/7799 [30] CBO

3602 5885/333 199/9999 40/3196 0/3846 0/7781 [31] VCS

70650 5889/322 198/4964 40/4293 0/3856 0/7802 [32] MBA

"|iQYt Kr=Yt C=YNWt "9 pwOH
� E # Fy

0/007894 2000000 0/3 2400

"Q=@ ?}mQD ?}=Q[ "10 pwOH
O=@ Q=@ xOvR Q=@ xOQt Q=@ Q=@ ?}mQD |xQ=tW

0 0 1/4 1
0 1/6 1/2 2

0/7 0 1/2 3
1/4 1 1/2 4
1/4 0 0/9 5

?} Q[ '|DNU pwOt '|r=oJ %pt=W '|iQYt Kr=Yt C=YNWt '9 pwOH QO
CrmU= |=Q@ QDt|Dv=U - sQowr}m OL=w sDU}U QO Oqwi s}rUD Ctw=kt w uwU;wB

"CU= xOW x�=Q= xm@W |xR=U
'10 pwOH QO "OwW|t xOy=Wt 11 pmW QO xR=U Q@ O=@ CtU |wQ}v MQt}v
|@v=H |=yQ=@ Ov};Q@ '11 pwOH QO w =yxR=U p}rLD QO sm =L Q=@ ?}mQD ?}=Q[

"CU= xOW x�=Q= w x@U=Lt Q}oQ=@ K]U p=ta= R= TB xk@] R=QD Qy Q@ OQ=w
j@] =yv; R= l} Qy QO ?=NDv= |=Q@ `]kt 28 w |w[a xwQo 15 OwHw =@
5 R=V}@ |va} 2815 'Q[=L |xr�Ut |@=}xv}y@ QO wHDUH |=[i O=a@= '12 pwOH
"OyO|t u=Wv =Q u; pL uOw@ Q@u=tR w |oO}J}B xm 'Ow@ Oy=wN xv} Ro OQ=}r}@ OQ=}r}t
|=yKQ] TBU w xOW xO=iDU= |@=}xv}y@ |] =DU}= |]N |=yp}rLD R= Q} Ro =v
Q} R l =N QF= |R=UpOt Qw_vt x@ "Ov=xDiQo Q=Qk QDxDiQW}B |=yp}rLD CLD pY=L
^=Lr 13 pwOH j@] xm 'CU= xOW xO=O |vi C=}@O= QO |DNU \@=wQ |}=yQvi |B

"Ov=xOW
Vs &l =N XwYNt uRw 
s &uwU;wB ?} Q[ # &|WQ@ pwOt G '=yv; QO xm

"|WQ@ Gwt CaQU
'xrRrR Q@=Q@ QO =yu=tDN=U |L=Q] 2800 OQ=Ov=DU= w |rt C=QQkt T=U= Q@
xO=O x}v=F Q@ QDt 375 |r= 175 u}@ III ẁv l =N |=Q@ |WQ@ Gwt CaQU

"�swO |Ov@pwtQi� Q=Wi CLD uRNt KQ] QO =yVwQ |}=Qosy |xU}=kt "8 pmW

u; |Q=PoQ=@ w |UQQ@ OQwt |Q]k |xm@W |iQat "5
C=QQkt sWW EL@t j@] O=@ |Q=PoQ=@ CLD xk@] 20 |Q]k |xm@W |xR=U l}
|wDUt ?=k [33]"CU= xOW |R=UpOt |Q=DiQ |xar=]t w xv}y@ KQ] |=Q@ u=Q}= |rt
QO |Q]k |xm@W |Ov@xwQo "CW=O w[a 435 'xar=]t OQwt |Q]k |xm@W R=
=@� h]avt |B Cr=L QO ?=k |Ov@xwQo u}vJty w 9 pmW QO ?rY |B Cr=L
|xm@W |UQQ@ |=Q@ "OwW|t xOy=Wt 10 pmW QO �|B Q} R l =N QF= pO=at |=yQvi

"Ov=xDiQ Q=m x@ u}y=W 70 O=OaD w 50 'xOWQmP |Q]k
|Q=PoQ=@ "OvOw@ 24kgf=cm2 w 15kgf=cm2 ?}DQD x@ xOQt w xOvR |=yQ=@

%OwW|t x@U=Lt 35 |x]@=Q j} Q] R= xt=vu}}; j@] O=@
p = Iw:q:Ce:Cg:CP (35)
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%CU= xOW
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"Ov=xOW x�=Q= 15 pwOH QO |B Q} R l =N QF= |=Q=O w ?rY Cr=L wO Qy |=Q@

"?rY |x}=B =@ xar=]t OQwt |Q]k |xm@W |xR=U <=[a= |Ov@xwQo "9 pmW

|=yl =N |=Q@ "CU= xDiQ Q=m x@ Q[=L VywSB QO u; u}ov=}t xm 'CU= xOW
VywSB QO w CU= 0/3 |r= 0/2 u}@ uwU;wB ?} Q[ Q=Okt 'CNU |UQ
|a@ Qt Q_v OQwt |B "CU= xOW xDiQo Q_v QO 0/3 ?} Q[ u}= Q=Okt 'Q[=L
Q@=Q@ w pwtat OL QO l =N XwYNt uRw "CU= ZwQit QDt 2 O=a@= x@
xOW u}}aD 36 |x]@=Q =@ |WQ@ pwOt w x@U=Lt ?amtQDt Q@ uDw}vwr}m 20

%CU=

G = 
S � V 2
S
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"hOy `@=D

O=OaD Q@=Q@ QO xOW xt} QH uRw 'Q}PBh=]av= |B =@ xm@W |}=Qosy Q=Owtv "13 pmW
"hOy `@=D OQw;Q@

=yxR=U 7?w=vD |xQwO xU}=kt "1"7
?w=vD |xQwO u; j@=]t xm 'CU= xOW x�=Q= xR=U wO Qy ?w=vD |xQwO '16 pwOH QO
V}=Ri= �14 OwOL ?rY Cr=L x@ C@Uv |B Q} R l =N QF= uDiQo Q_v QO =@ xR=U
C@Uv �|B Q} R Qvi� Q}PBh=]av= x=ox}mD =@ xR=U QO ?w=vD V}=Ri= u}= "CU= xDW=O

"CU= G}=Dv CLY Q@ |O}}-=D w xOw@ Q=_Dv= OQwt '?rY Cr=L x@

s=@ |xk@] |}=Hx@=H |xv}W}@ "2"7
QF= =@ w ?rY Cr=L wO Qy |=Q@ s=@ |xk@] QO |}=Hx@=H |xv}W}@ '17 pwOH QO
pOt R= QDW}@ l =N |Q}PBh=]av= ^=Lr =@ s=@ |}=Hx@=H "CU= xOW xU}=kt l =N
QO |B Q} R l =N QF= R= |WwBsWJ 'Qo}O CQ=@a x@ "OwW|t xOy=Wt ?rY x=ox}mD

"CU= ?wr]t=v w |ak=w Cr=L x@ C@Uv MU=B uOQm OQw;Q@ sm CyH

|iQYt Oqwi uRw "3"7
'xHwD p@=k w syt |=yXN=W R= |m} 'xOW s=Hv= |@=}xv}y@ hOy `@=D u=wva x@
xwqa 'xR=U pm uRw Cr=L wO QO |iQYt Oqwi uRw |xU}=kt =Pr &CU= xR=U uRw

"xR=U Q@ O=@ VRw R= |W=v |wQ}v `} RwD Q=Owtv "11 pmW
"xR=U |xk@] Qy Q@ OQ=w O=@ |@v=H |Q=Po Q=@ Ov};Q@ "11 pwOH

(kgf) xk@] |xQ=tW (kgf) xk@] |xQ=tW
1321 11 444 1
1410 12 444 2
1493 13 444 3
1569 14 444 4
1645 15 612 5
1713 16 760 6
1785 17 896 7
1853 18 1016 8
1915 19 1125 9
1976 20 1226 10

Qy pkDUt |=QH= 10 u=}t R= ?=wH u} QDy@ |oDU}=W |}=Qosy |=yQ=Owtv
pOt wO Qy xm CU= Q=mW; "OvwW|t xOy=Wt 13 w 12 |=ypmW QO sD} Qwor=
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81/29 W14� 43 20 113/52 W10� 60 6
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17 18 1
13 16 2
18 5 3
7 14 4
18 28 5
17 5 6
18 17 7
5 5 8
2 6 9
5 5 10
4 2 11
28 11 12
10 16 13
28 15 14
20 12 15
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116380 122540 �sQowr}m � u}ov=}t
10298 6886 Q=}at h=QLv=
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|Q]k |xm@W pOt ẁv wO Qy QO |Q}tN pY=it `} RwD |xwLv 'Q[=L VN@ QO
xOW x�=Q= uwRi=Q=@ p}rLD s=o u} QN; QO sy w pY=it ẁQW �s=o � |x_Lr QO sy
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QO pY=it |UQQ@ w xU}=kt 'p=L u}= QO "OwW|t xOy=Wt 22 w 21 |=ypmW
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|DNU Cw=iD x@ C}=va =@ Cr=L u}= QO wQ}v QDtm ?PH C}iQ_ |xOvyOu=Wv

"OW=@ ?rY x=ox}mD pOt x@ C@Uv xR=U uRw w
'QDq=@ C=k@] QO w R=QD `=iDQ= V}=Ri= =@ xm OyO|t u=Wv C=k@] VQ@ |xU}=kt "7
pLt CtU x@ R=QD Q}}eD =@ u; C=Q}}eD |rw 'CU= xDi=} Vy=m QwmPt hqDN=
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|@v=HQ=@ CLD |Q]k |xm@W QO |Q}tN pY=it p}mWD OvwQ 'uwRi=Q=@ p}rLD "8
xR=U |xv=}t CtU x@ w ẁQW xm@W |xWwo R= xmu=vJ 'OQm Q=mW; =Q O=@
Cr=L C@Uv x@ |B Q} R l =N QF= =@ Cr=L QO `} RwD u}= "CU= xDi=} xt=O=
xOW p}mWD |QDtm <=[a= O=OaD QO w xOw@ QDRmQtDt xWwo QO '?rY x=ox}mD

"CU=
|xm@W x=ox}mD Q} R l =N |Q}PBh=]av= R= |WwBsWJ 'QwmPt OQ=wt x@ xHwD =@ "9
uRw Vy=m O}O R= xv w u=v}t]= CyH QO xv Ov=wD|t |@v=H Q=@ CLD |Q]k
|R=UpOt C}ty= Q[=L VywSB 'Qo}O CQ=@a x@ "OW=@ xiQY x@ Kr=Yt
u=tRsy |Q=PoQ=@CLD |Q]k |xm@W |xv}y@ |L=Q] QO xR=U w l =NVvmQOv=
Q=mW; xv}y@ |xOW p=@ Qe |=yKQ] QO |OOa G}=Dv |] =Q |@v=H w |rkF
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=Q u}y=W sD} Qwor= |}=Q=m |QDQ@ xm 'OW s=Hv= QwyWt |=ysD} Qwor= R= |O=OaD w
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"OW
�6 =D s=@ |}=Hx@=H |xv}W}@ V}=Ri= 'xar=]t OQwt |=yp=Ft |OOa G}=Dv QO "4
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1. Falcon Optimization Algorithm
2. MATLAB
3. Vasconcelos
4. Rao
5. surge waves frequency
6. pushover analysis
7. period
8. drift
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