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hrDNt |=yxQwO QO =yQyW u}= |Dt=k= Rm =Qt QO u=Qi=Ut u}= Ct=k= u=tR COt x@

#CU= |i=m u=Qi=Ut u=mU= w VQ}PB |=Q@ |Dt=k= Rm =Qt |vwvm C}iQ_ =}; 'p=U
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rDxQ=W= Q=@v= |xv}y@ C}iQ_ u}}aD |=ypOt x@ u=wD|t u=}t u; R= xm CU= xOW
"OQm

|=Q@ Q=@v= |xv}y@ C}iQ_ u}}aD |xr�Ut |UQQ@ x@ [8]T}Uv=Qi w C}=w ,qFt
|R} Qxt=vQ@ R= xO=iDU= =@ w OvDN=OQB Q=@v= |r=tDL= w |a]k |=[=kD Cr=L wO Qy
x@ MU=B |=Q@ |WwQ xm@W QO u=} QH pO=aD pOt R}v w u=owO |x} Q_v w |]N
Q=@v= QO CqwYLt |Q=Oyov 'Q=@v= CN=U |=yxv} Ry =yv; "OvOQm x�=Q= xr�Ut u}=
Q=@v= C}iQ_ pOt [9]w�=Q w w�=Q "OvDiQo Q_v QO =Q |vwQ}@ Q=@v= R= =[=kD uOQw;Q@ w
|=y|} wHxiQY 'u=tR pw] QO Q}eDt |=yxv} Ry w x�=Q= pwYLt l} Cr=L QO =Q
"OvOQm |UQQ@ |r=tDL= \}=QW QO =Q |D=}rta |=yxv} Ry w |Q=Pox}=tQU R= pY=L
|xr�Ut xm OvO=O u=Wv w OvOQm x�=Q= xv}y@ ?=wH x@ uO}UQ |=Q@ |Q=DN=U =yv;
x@ R=}v uwO@ w |v=U; x@ u=wD|t =Q u; |=yxaUwD w =DU}= Cr=L QO Q=@v= |xR=Ov=
=} wB Cr=L QO Q=@v= |xR=Ov= |xr�Ut =yv; "OQm pL G}=Q |]N |R} Qxt=vQ@ |=yx} wQ
R= xO=iDU= =@ w Qakt |=yxv} Ry EL@ w xm@W QO u=} QH |=ysD} Qwor= ltm x@ =Q

"OvOQm pL =} wB |R} Qxt=vQ@
R}yHD w |R=UxO=t; |q=@ |=yxv} Ry x@ xHwD =@ 'u=DUQ=t}@ |xRwL QO u}vJty
xOW s=Hv= pta |=yj=D= |xv}y@ O=OaD u}}aD QO |O=} R C=ar=]t pta |=yj=D=
xOW x�=Q= |irDNt |=yVwQ xv}y@ C}iQ_ u}}aD |=Q@ C=ar=]t u}= QO "CU=
'|iO=YD |R=Ux}@W 'xDUUo |R=Ux}@W VwQ x@ u=wD|t xrtH u; R= xm CU=
,qFt [16�10]"OQm xQ=W= |@}mQD |=yVwQ w hY |x} Q_v Q@ |vD@t |=yVwQ
|R=Uxv}y@ |=Q@ |rOt '|iO=YD w |a]k |=yVwQ R= |@}mQD =@ [17]pwov=mwm
O=OaD u; QO xm CU= xOQm x�=Q= |v=DUQ=t}@ OL=w l} |=y?=wN CND C}iQ_
"CU= xOW pOt |iO=YD |=yOv}=Qi CQwYx@ Q=t}@ Qy Ct=k= COt w u=Q=t}@ OwQw
'CtON K]U Ovv=t xOW|iQat |O}rm |=yQDt=Q=B x@ xHwD =@ xar=]t u}= QO
R= xOt; CUOx@ |=yxO=O R= xO=iDU= =@ w Q=t}@ VQ}PB MQv w p=eDW= K]U
xOW x�=Q= xv}y@ C}iQ_ u}aD |=Q@ |]NQ}e |[=} Q pOt l} '|R=Ux}@W j} Q]

"CU=
w nv;wy |xar=]t x@ u=wD|t R}v u=QwDUQ C}iQ_ C} Q}Ot |xRwL QO
l} sDU}U x]w@ Qt hY |=ypOt R= xO=iDU= =@ xm OQm xQ=W= [18]Vv=Q=mty
u=} QDWt C}=[Q V}=Ri= w OwU uOQmxv}W}@ hOy =@ TBU w pOt =Q |rLt u=QwDUQ

"Ov=xOQm pOt pL x@ s=Ok=
"CU= xOW s=Hv= |D=ar=]t R}v pDy |xv}y@ C}iQ_ u}}aD |xQ=@ QO u}vJty
C}iQ_ ẁ[wt |R=Uxv}y@ w p}rLD x@ s=Ok= |OwHwt pOt l} R= xO=iDU= =@ [19]wo
|oS} w wO Qy xm pqODU= u}= =@ R}v w= "CU= xOQm T=ow Tq |xk]vt |=ypDy
|=[=kD |oS} w w uOw@|vOWOU=i |oS} w |va} |r=tDL= |}xQwOlD |OwHwt pOt
uOQw; CUOx@ |=Q@ pOt u}= R= 'OQ=O j=OYt |Q=OpDy CavY OQwt QO |r=tDL=
w |r=N |=yj=D= xJv=vJ w= |xDio x@ =v@ "CU= xOQm xO=iDU= pDy |xv}y@ C}iQ_
s}vm ZQi pDy |x�=Q= p@=k pwYLt u=wvax@ =Q ?W Qy QO Qi=Ut VQ}PB |xO=t;
Vkv |r=N |=yj=D= u}= '=yj=D= uOv=t|r=N w Qi=Ut VQ}PB sOa CQwY QO x=ov;
u}= x@ xm |U=U= O=Q}= "OvQ}o|t OwN x@ =Q |O}rwD |=yOL=w QO xOWOU=i CqwYLt
&OQ}PB|t s=Hv= xQwO l} |=Q@ |R} Qxt=vQ@ pOt u}= QO xm CU= u}= CU= OQ=w pOt
pOt QO xOWOQ=w |=[=kD 's} Q}o@ Q_v QO p=U l} =Q xQwO l} u}= =t Qo = p=L
CU= |rYi CavY u}= xm|r=L QO Ow@ Oy=wN xvq=U |r=tDL= |=[=kD CQwYx@
uJ |Qo}O xar=]t QO "CU= Q}eDt Q=}U@ p=U hrDNt |=yx=t QO =[=kD u=R}t w
|v=tR |xR=@ QO u=w}=D |=ypDy R= xOW|Qw;`tH |=yxO=O R= xO=iDU= =@ [20]u}r w
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u=tR COt w Qi=Ut OwQw MQv |xQ=@ QO xDiQ}PBCQwY |=y|v}@V}B x@ xHwD =@
|Dt=k= Rm =Qt OwHwt C}iQ_ u=R}t QO Q}}eD x@ =}; 'xOv}; |=yp=U |=Q@ u=Qi=Ut Ct=k=

#CU= R=}v
O=Qi= xm O};|t OwHwx@ p=-wU u}= s} Qov@ xr�Ut u}= x@ OQN Q_vt R= xJv=vJ p=L
Qi=Ut ?PH QO OwN |}=v=wD x@ xHwD =@ 'pDy |xQ=H= =} O} QN 'CN=U |=Q@ |[=kDt
|DQi=Ut |=yCmQW w x]U=w O=Qi= '|DvQDv}= w |virD |=H |xQ}NP� hrDNt jQ] R=
Q_v QO OwN pDy O} QN =} CN=U |=Q@ =Q j=D= O=OaD xJ w C}iQ_ xJ '�|QoWOQo w
u=wD@ xm CUy |rOt =}; `k=w QO "OwW xv}W}@ =yv; |xOt; CUOx@ OwU =D OvQ}o@
'O} QN'CN=U |=Q@ xv}y@ C}iQ_ ?=NDv= Qt= QO =Q xRwL u}= u=Q=Pox}=tQU u; \UwD

"O=O xQw=Wt pDy |xQ=H= =}
|=ypOt w hY |x} Q_v |v=@t R= |@}mQD |rOt |x�=Q= xr=kt u}= R= hOy
"OQw; CUOx@ =Q |Dt=k= Rm =Qt |xv}y@ C}iQ_ u=wD@ u; ltm x@ xm CU= |R} Qxt=vQ@
u}}aD ẁ[wt |xv}W}B 'swO VN@ QO =OD@= xm CU= u}vJ xr=kt |xt=O= Q=DN=U
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sDU}U |R=Ux}@W |xwLv w OwW|t xDN=OQB pOt QO xOWx�=Q= |xv} Ry `@=D |=RH=
'sQ=yJ VN@ QO "OwW|t u=}@ hY |=ypOt R= xO=iDU= =@ pDy u=Qi=Ut VQ}PB
VwQ w OW Oy=wN xDN=OQB C}a]k sOa \}=QW |=Q@ |O=yvW}B pOt |xaUwD x@
K} QWD C}iQ_ u}}aD |xr�Ut pL |=Q@ |v}YL w |@=QD OQm} wQ w nv;wy w |q
lJwm O=a@= QO |OOa p=Ft l} ẁ[wt uOWuWwQ |=Q@ sHvB VN@ QO "OwW|t
|}=yO=yvW}B w |Q}oxH}Dv x@ sWW VN@ 's=Hv=QU "OwW|t |UQQ@ u; G}=Dv w pL

"O@=}|t X=YDN= |D; C=k}kLD |=Q@

ẁ[wt |xv}W}B "2
u=wva =@ Qo}O |[a@ w =[=kD C} Q}Ot u=wva =@ u=kkLt R= |[a@ =Q C}iQ_ C} Q}Ot
=[=kD C} Q}Ot ẁ[wt wO p=L u}= =@ "Ov=xOQm |UQQ@ C}iQ_ w =[=kD C} Q}Ot
VqD =[=kD C} Q}Ot QO "CUv=O sy R= =OH swyit wO O}=@ =Q C}iQ_ C} Q}Ot w
Qw]u}ty w u=} QDWt R=}v sqa= u=tR '|@=} Q=R=@ |=y|SD=QDU= ltmx@ =D OwW|t
[2]"OQ}o Q=Qk =yu=tR=U C} Q}Ot pQDvm QO u=} QDWt |wU R= xOW=[=kD |q=m sHL
w xyH=wt |=Q@ |i=m C}iQ_ xm Ovm|t u}t[D C}iQ_ C} Q}Ot Qo}O hQ] R=

[4w3]"CW=O Oy=wN OwHw Q=R=@ |=[=kD x@ |} woMU=B
hrDNt `}=vY u=Q}Ot |=Q@ |OQ@y=Q |=y|v=Qov u} QDsyt R=C}iQ_ |Q}os}tYD
Q=PoQ}F-=D xOv}; w p=L QO Q=R=@ R=}v x@ CavY l} |} woMU=B |xwLv QO xm CU=

[5]"Ow@ Oy=wN
OQm} wQ l} T=U= Q@ s=Om Qy xDWPo C=k}kLD QDW}@ '|HvUC}iQ_ |xRwL QO
CavY QO ,qFt "Ov=xDN=OQB hrDNt `}=vY QO C}iQ_ C} Q}Ot |xrwktx@ X=N
C}iQ_ C} Q}Ot |xr�Ut Q@ Ot;QO C} Q}Ot OQm} wQ =@ u=kkLt QDW}@ |QoWOQo
|}=yp}rLD w x} RHD x@ QDtm u}W}B |=yVywSB QO p=L u}= =@ [6]"Ov=xOW RmQtDt
CU= |vDio [7]"CU= xOW xDNOQB uwo =vwo `}=vY |=Q@ C}iQ_ C} Q}Ot |xRwL QO
QO =Q} R "OyO|t u=Wv =Q |QDW}@ COW C=tON |xRwL QO C=k}kLD OWQ xm
u=} QDWt C}=[Q u=R}t QO |}=RUx@ Q}F-=D C=tON C}iQ_ |D=tON |=yxRwL QDW}@
'=yu=DUQ=t}@ Ovv=t |}=yxRwL QO 'xH}DvQO "OQ=O =yu; x@ xOWx�=Q= CtON K]U w
KQ]t xv}y@ C}iQ_ u}}aD EL@t |Dt=k= Rm =Qt w =ypDy '=yu=QwDUQ '=ynv}mQ=B
s=Hv= |}=yQ=m xv}y@ C}iQ_ |xv}tR QO R}v |O}rwD |=yVN@ QO xD@r= "CU= xOW
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Ovyt |xR=Ov= x@ QFm =OL w Ov=x}=tQU C}OwOLt |=Q=O pDy E=OL= |=Q@ u=Q=Pox}=tQU "2

"OvQ=O |Q=Pox}=tQU u=wD |rwB OL=w Bmax

|=[i QFm =OL w OvDUy =[i C}OwOLt |=Q=O pDy E=OL= |=Q@ u=Q=Pox}=tQU "3
"CU= `@ Qt QDt Smax |xR=Ov= x@ =yv; TQDUO QO

C}�wU ẁv R= |}=yj=D=� "OvDUy u=Qi=Ut u=mU= |=Q@ j=D= ẁv xU |=Q=O =ypDy "4
x@=wN wO ẁv R= |}=yj=D= w (j = 2) x@=wN l} ẁv R= |}=yj=D= '(j = 1)

�(j = 3)

pOt |=yO=tv "2"3
&pDy CN=U |=Q@ x}rw= |x}=tQU |xv}W}@ %Bmax

&pDy CN=U |=Q@ TQDUO QO x}rw= |=[i |xv}W}@ %Smax

&j ẁv j=D= OL=w l} O=H}= |=Q@ sRq |=[i %aj
&j ẁv j=D= OL=w l} O=H}= |=Q@ sRq |x}=tQU %bj

&pDy s=j ẁv |=yj=D= O=OaD w C}iQ_ %kj
|v=tR OYQO� COt R=QO QO pDy s=j ẁv |=yj=D= R= j=D= n uOw@ QB p=tDL= %�nj

&�CU= j ẁv R= Qi=Ut |=Q=O j=D= n |=Q=O pDy xm
&s=j ẁv |=yj=D= QO Ct=k= |=Q@ pDy x@ Qi=Ut |xaH=Qt MQv %�j

&s=j ẁv |=yj=D= QO u=Qi=Ut Ct=k= u=tR COt \UwDt %�j
&u=Qi=Ut Ct=k= ?W l} C@=@ 's=j ẁv j=D= Qy R= xOt; CUOx@ OwU %Pj

&xQy@ MQv %i
"|R} Qxt=vQ@ ji= pw] QO =yxQwO O=OaD %N

Qy |=Q@ u=Qi=Ut VQ}PB w wQRQ sDU}U 'QwmPt |=yO=tv w C=}[Qi T=U= Q@
xm [29]CU= M=M=kj hY sDU}U l} 'pDy |xv=oxU |=yj=D= `=wv= R= s=Om
R= pDy QO =yv; Ct=k= u=tR COt R}v w u=Qi=Ut OwQw u}@ |v=tR |xrY=i u;QO
CtON |=Q@ sy �j ẁv j=D=� xOvyOCtON kj O=OaD w Ovm|t |wQ}B |}=tv `} RwD
hOy =Hv}= QO "CU= xOW xDiQo Q_v QO �u=Qi=Ut� hY sDU}U u}= u=} QDWt x@
'CU= �=yk�j � |va} pDy |=yj=D= `=wv= R= l} Qy |xv}y@ O=OaD uOQw;CUOx@
xO=O VWwB TQDUO QO |=[i w x}=tQU Q=Okt x@ \w@ Qt |=yC}OwOLt xm|wLvx@

"OwW xv}tm R}v u=Q=Pox}=tQU x@ xOWp}tLD |=yxv} Ry w OwW
%CU= xOW |Ov@pwtQi Q} R CQwYx@ j}kLD u}= QO |O=yvW}B pOt

Min CT =
3X
j=1

2664
h
i:(1+i)N

(1+i)N�1
i
:
KjP
n=0

(Kj � n) :�nj :bj

+
1P

n=Kj+1
(n�Kj) :�nj :Pj

3775 (1)

s:t :
3X
j=1

ajKj � Smax (2)

3X
j=1

bjKj � Bmax (3)

Kj � 0; Integer 8j 2 J (4)

'CUy R}v xr�Ut MU=B Q}eDt xm xv=oxU |=yj=D= C}iQ_ xm Ovm|t u=}@ 4 |x]@=Q
"OW=@ C@Ft w K}LY |OOa O}=@

|xv}W}@ w =[i |xv}W}@ |=yC}OwOLt x@ \w@ Qt ?}DQDx@ 3 w 2 \@=wQ

xO=iDU= =@ =Q xQwO Qy |iO=YD |=[=kD u=R}t |vw}UQoQwD= |xrO=at l} =@ =OD@= =yv;
Qo}O pt=a OvJ x=Qty x@ =Q |iO=YD |=[=kD u}= w OvOQw; CUOx@ p@k |xQwO R=
|v}@V}B |=Q@ Qo}O |vw}UQoQ |xrO=at l} QO OvQ=O Q}F-=D pDy l} C}iQ_ QO xm

"OvO=O Q=Qk O}OH |xQwO |=Q@ sRq C}iQ_
|xQ=@ QO xOWs=Hv= C=ar=]t Q@ |@ wN QwQt [7]TQoOwQ w utrwB u}vJty
|xRwL wO QO =Q C}iQ_ C} Q}Ot =yv; "OvO=O s=Hv= pDy C}iQ_ C} Q}Ot ẁ[wt
u}vJty "OvOQm |Ov@xDUO sRq |v=Uv= |wQ}v C}iQ_ w pDy |m} R}i C}iQ_
l} SD=QDU= C=t}tYD VN@ wO QO =Q C}iQ_ C} Q}Ot |=DU=Q QO |Q}os}tYD
pL VwQ Q_v R= xOWs=Hv= C=ar=]t =yv; "OvOQm |UQQ@ COtx=Dwm C=t}tYD w
|=Q@ O}OW C=Q}}eD x@ xHwD =@ [21]u+B Qo}O |}xr=kt QO "OvOQm |Ov@xDUO R}v =Q
MQv u}}aD |=Q@ |rOt |x�=Q= x@ 'pDy C}iQ_ uDiQo Q_v QO =@ w j=D= |=[=kD
|xv}y@ MQv u}}aD |xv}tR QO xD@r= "CU= xDN=OQB pDy |=yj=D= |=Q@ xv}y@
[28�22]"CU= xOW x�=Q= |Q=}U@ |=ypOt pDy Ot;QO C} Q}Ot w pDy |=yj=D=
xOWv s=Hv= |O=} R C=ar=]t w C=k}kLD pDy |xv}y@ C}iQ_ u}}aD |xQ=@ QO =t=

"CU=
u}vJty "CU= xOW s=Hv= |mOv= |=yVywSB R}v C}iQ_ C} Q}Ot |xQ=@ QO
l} |=Q@ \ki xm CU= xOW x�=Q= |}=ypOt R}v OwOLt VywSB O=OaD u}ty QO
C=[wQit QO |D=Q}}eD u} QDmJwm =@ w Ov=xO=iDU= p@=k xOWZQi X=N \}=QW |QU
xO=iDU= =@ VywSB u}= QO p}rOu}tyx@ "O=O Ovy=wN CUO R= =Q OwN |}=Q=m 'xr�Ut
x�=Q= pDy |xv}y@ C}iQ_ u}}aD |=Q@ |DWBxrwm pOt l} |R=i hY |=ypOt R=
O=H}= CQOk u}vJty w q=@ ẁvD OwHw p}rOx@ hY |=ypOt R= xO=iDU= "CU= xOW
|O=yvW}B pOt j=@]v= u=mt= hwmQ=t |=yQ}HvRC}r@=k R= xO=iDU= =@ O}OH |=ypOt
|=y\}Lt C}a]k sOa VWwB u}vJty "OR=U|t QU}t =Q hrDNt |ak=w \}=QW =@
uOW QD|OQ@ Q=m x@ xm CU= |}=}=Rt Qo}O R= |R=i j]vt R= xO=iDU= =@ |QoWOQo

"OQm Oy=wN ltm pOt

|O=yvW}B pOt "3
sRq 'CU= xOW =v@ hY |=ypOt s}y=it |x}=B Q@ |O=yvW}B pOt xmv}= x@ xHwD =@
sDU}U l} |=yxir-wt =@ pDy QO u=Qi=Ut Ct=k= w VQ}PB sDU}U w pDy xm CU=

%|R=Uj@]vt u}= QO "OvwW xO=O j=@]v= hY
|=Q@ '�j MQv =@ xm OvDUy hY sDU}U u}= u=} QDWt smL QO pDy u=Qi=Ut ��

"Ovvm|t xaH=Qt pDy x@ s=j ẁv |=yj=D= QO Ct=k=
'u}=Q@=v@ &OvDUy hY sDU}U u}= x@ u=oOvyOCtON smL QO pDy |=yj=D= ��
"OvDUy hY sDU}U u=oOvyOCtON O=OaD u=ty pO=at pDy |=yj=D= O=OaD
CtON MQv pO=at 'pDy s=j ẁv |=yj=D= QO u=Qi=UtCt=k= u=tR COt\UwDt ��
"OwW|t xO=O V}=tv �j =@ xmCU= Vv=} QDWt x@hY sDU}U u=oOvyOCtON
sDU}U QO u=} QDWt O=OaD\UwDt pO=at 'pDy s=j ẁv QB |=yj=D= O=OaD\UwDt ��

"OwW|t xO=O V}=tv Lj =@ w CU= xOW |R=Ux}@W hY

|U=U= C=[wQit "1"3
w pDy s=j ẁv |=yj=D= QO Ct=k= |[=kDt u=Qi=Ut OwQw u}@ |v=tR |xrY=i "1

"CU= |}=tv `} RwD |=Q=O pDy QO =yv; Ct=k= u=tR COt
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rDhwmQ=t Q}HvR x@ xHwD =@ R}v hOy `@=D QO OwHwt (�nj ) Cq=tDL= Q}O=kt xm OwW xHwD
[29]%O};|t CUOx@ Q} R \@=wQ T=U= Q@ w (M=M=kj) hY pOt x@ \w@ Qt

�nj =

8><>:
�
�j
�j

�nj �0j
nj !

; nj < kj�
�j
�j

�nj �0j kj
kj�nj
kj !

; nj � kj
(9)

�(0j) =

26664 1 +
(kj�1)P
(n=1)

�
�j
�j

�n 1
n!

+
1P

n=kj

�
�j
�j

�n 1
kj !
� 1

kj
n�kj

37775
�1

(10)

u}}aD |=Q@ hY |x} Q_v Q@ |vD@t |DWBxrwm pOt "4
C}a]k sOa \}=QW QO pDy |xv}y@ C}iQ_

"OvW=@ Q@Dat COtOvr@ ji= QO O}=@ p@k VN@ QO xOWx�=Q= pOt |=yQDt=Q=B Q=Okt
u=Qi=Ut Ct=k= C@=@ xOt;CUOx@ OwU QDt=Q=B w (i) xQy@ MQv QDt=Q=B Q=Okt xm|r=LQO
R= |k}kO u}tND u=wD|tv w OvDUy |D=t=y@= |=Q=O COt R=QO QO (Pj) =yj=D= QO

"OQm x�=Q= |a]k CQwYx@ =yv; Q}O=kt
TQDUOQO =} =yQDt=Q=B |v}@V}B QO =]N R= |W=v Ov=wD|t C}a]k sOa u}=
Q_v QO p}rO u}tyx@ "OW=@ =yQDt=Q=B u}tND Qw_vtx@ =yxO=O uOw@v |i=m w uOw@v
w C=aq]= x@ R=}v x@ xHwD =@ pDy |HvUC}iQ_ |=ypOt QO C}a]k sOa uDiQo
|QwQ[ =yQDt=Q=B |a]kQ}e C}y=t w \}=QW |iQ] R= w xOv}; x@ \w@ Qt |=yxO=O
|R} Qxt=vQ@ 'Q=wDU= |R=Uxv}y@C}a]k sOa =@ xyH=wt |=Q@ =yVwQ u} QDxOta "CU=

"CU= |r=tDL= |R} Qxt=vQ@ w '|R=i |R} Qxt=vQ@ '=} wB
u}W}B |=yxQwO C=aq]= w =yxO=O x@ =yVwQ Q}=U QO '|R=i OQm} wQ RH x@
QO "OQm OQw;Q@ =Q xOv}; QO =yQDt=Q=B Q}O=kt u=wD@ =yv; p}rLD ltmx@ =D CU= R=}v
|D=aq]= u}vJ x@ |UQDUO xvwoI}y pDy |x}rw= CN=U s=ovy QO xm|r=L
xm 'OyO|t Q=Qk Q=}DN= QO |R=i VwQ xm |v=mt= R= xO=iDU= =@ 'u}=Q@=v@ "s} Q=Ov
OUQ|t Q_vx@ 'CW=O =Q xOv}; QO =yQDt=Q=B R= |OQw;Q@ u=o@Nv Q_v ltmx@ u=wD@
xRwL u}= QO C}a]k sOa VWwB |=Q@ ?=NDv= u} QDy@ |R=i OQm} wQ R= xO=iDU=
'|a]kQ}e |=yQDt=Q=B x@ |FrFt |R=i O=Oa= X}YND =@ VywSB u}= QO "OW=@
|Q}oQ=mx@ "CU= xOW xO=O VWwB pOt |=yQDt=Q=B QO OwHwt |=yC}a]k sOa
xm |}=yC}a]k sOa =@ OQwNQ@ QO =Q |rw@k p@=k OQm} wQ '|FrFt |R=i O=Oa=
u}vJ =yxO=O p}rLD R= "OyO|t x�=Q= 'OvwW|t xO}O |QoWOQo |=y\}Lt QO
QO =Q |QDW}@ C=aq]= 'xOWx�=Q= |R=i OQm} wQ R= pY=L G}=Dv xm O};|tQ@
=yvD 'l}Uqm C=@U=Lt R= pY=L G}=Dv =Q} R "OyO|t Q=Qk u=Q}os}tYD Q=}DN=
'=yxO=O u}= QO Q}}eD xvwoQy =@ w CU= Q@Dat xOW xDiQoQ=mx@ |a]k |=yxO=O =@
xO=iDU= =@ '|R=i C=@U=Lt R= pY=L G}=Dv =t= &OvyO|t CUOR= =Q OwN Q=@Da=
|=y\}LtQO C}a]k sOa R= |W=v C=Q}}eD xm O};|t CUOx@ |}=yxO=O R=
CQwYQO |DL G}=Dv u}= 'wQu}= R= "CU= xOW ^=Lr =yv; QO =OD@= R= '|ak=w
Oy=wN Q@Dat u=vJty �|R=i O=Oa= |xR=@� xOWu}}aD |xR=@ QO x}rw= |=yxO=OQ}}eD

"Ow@
u} QDxv=v}@WwNwu} QDumtt 'u} QDxv=v}@O@ Qou=}@?}DQDx@R wM 'L|=yT} wvQ} R

"OvDUy |FrFt |R=i QDt=Q=B =@ Q_=vDt Q}O=kt
~i = (iL; iM ; iR) ~Pj = (PjL; PjM ; PjR)

ẁtHt w sRq |=[i ẁtHt xm OvwW|t ?@U w CU= TQDUO QO |x}=tQU
w =[i |xv}W}@ R= 'xv=oxU |=yj=D= |xv}y@ |=yC}iQ_ O=H}= |=Q@ sRq |xv} Ry

"Ovmv Rw=HD TQDUO QO |x}=tQU
uOQmxv}tm OOYQO xmCU= |O=yvW}B pOt |xv} Ry `@=D x@ \w@ Qt R}v 1 |x]@=Q

"s}DUy u;
"OwW|t p}mWD O=[Dt w Cw=iDt |xv} Ry ẁv wO `tH pY=L R= xv} Ry `@=D u}=
(k > k�) xv}y@ |xR=Ov= R= V}@ |D}iQ_ O=H}= R= |W=v pw= CtUk |xv} Ry
|WN@ C=kw= QDW}@ QO 'OwW O=H}= O=} R |r}N C}iQ_ =@ |rDy Qo = `k=w QO "CU=
uO=OCUO R= w x}=tQU ?=wN p}rOx@ w Ov=t Oy=wN |r=N xOWO=H}= C}iQ_ u}= R=
p}tLD u=Q=Pox}=tQU x@ =Q |O=} R |xv} Ry '|Q=Pox}=tQU Qo}O |=yCYQiw =yC}akwt
Oy=wNv sy |O=} R |}=Q=m 'j=D= O=} R O=OaD u}= =@ |rDy u}vJ p=L u}a QO w Ovm|t
|x]@=Q R= w OwW|t xDN=vW O=R=t C}iQ_ O=H}= |xv} Ry s=v x@ xv} Ry u}= "CW=O

%O};|t CUOx@ Q} R
KjX
n=0

(Kj � n) :�nj :bj (5)

O=H}= (k < k�) xv}y@ C}iQ_ R= QDtm |D}iQ_ =@ pDy CN=U QF= QO swO |xv} Ry
C}iQ_ C=kw= QDW}@ QO 'OwW O=H}= sm C}iQ_ =@ pDy l} Qo = '`k=w QO "OwW|t
"CW=O Oy=wNv OwHw QDW}@ u=Qi=Ut u=mU= w VQ}PB |}=v=wD w OwW|t p}tmD pDy
xH=wt xDiQCUO R= OwU |awv =@ xDiQCUO R= |QDWt Qy |=R= x@ Cr=L u}= QO
OwW|t xDN=vW C}iQ_ Ow@tm |xv} Ry u=wvax@ xDiQCUO R= OwU u}= "OW s}y=wN

%O};|t CUO x@ Q} R |x]@=Q R= w
1X

n=Kj+1
(n�Kj) :�nj :Pj (6)

Qo}Om} hr=Nt CyH QO xv} Ry wO u}= 'pDy C}iQ_ Q}}eD =@ xm OwW|t xOy=Wt
w V}=Ri= O=R=t C}iQ_ O=H}= |xv} Ry 'C}iQ_ V}=Ri= =@ '`k=w QO "Ovvm|t Q}}eD

"TmaQ@ w O@=}|t Vy=m C}iQ_ Ow@tm |xv} Ry
'(k 6= k�) xv}y@ Q}e |D}iQ_ =@ pDy CN=U R= |W=v (CT ) pm |xv} Ry `@=D
|xv} Ry xD@r= "O};|t CUOx@ C}iQ_ Ow@tm w O=R=t C}iQ_ |xv} Ry wO `tH R=
'O} QN 'CN=U s=ovy |R} Qxt=vQ@ ji= |=OD@= QO w Q=@ l} =yvD 'O=R=t C}iQ_ O=H}=
ji= pw] QO C}iQ_ Ow@tm |xv} Ry xm|r=L QO OwW|t p}tLD pDy |xQ=H= =}
sy Q=vm QO =Q xv} Ry wO u=wD@ xmv}= |=Q@ "OwW CN=OQB O}=@ xQwO Qy QO |R} Qxt=vQ@
|v=tR VRQ= uDiQo Q_v QO =@ O=R=t C}iQ_ O=H}= |xv} Ry CU= sRq OQm xU}=kt
CN=wvm} |=yxv} Ry x@ xv} Ry wO Qy =D OwW `} RwD |R} Qxt=vQ@ ji= |=yxQwO u}@ pwB
Ci=} R=@ pt=a QO =Q O=R=t C}iQ_ O=H}= |xv} Ry Q=m u}= |=Q@ "OvwW p}O@D |}xQwO

"s}vm|t ?Q[ (CRF) x}=tQU
CRF = (A=P; i;N) = [(i:(1 + i)N )=((1 + i)N � 1)] (7)

`tH �j = 1; 2; 3 |=R= x@� pDy j=D= ẁv xU Qy |=Q@ =Q xv} Ry `@=D u}= C}=yv QO
%s}vm|t

CT =
3X
j=1

2664
h
i:(1+i)N

(1+i)N�1
i
:
KjP
n=0

(Kj � n) :�nj :bj

+
1P

n=Kj+1
(n�Kj) :�nj :Pj

3775 (8)
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Q}Ot

w`}
=vY
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Ovyt |R} Qxt=vQ@ pOt x@ p}O@D |FrFt |R=i hOy `@=D =@ 16 |[=} Q pOt 'xH}Dv QO "OQm

"OW Oy=wN Q} R |a]k |xiOyxU |[=} Q
Min (Z1) = (CM � CL)X

Max (Z2) = CMX

Max (Z3) = (CR � CM )X

s:t:

AX � b; X � 0 (17)

Qy uOWxv}y@ |xHQO |=Q@ |R=i C} w[a `@=D O=H}= =@ |v}YL w |@=QD VwQ QO
"OwW xv}W}@ h=Oy= uOW xv}y@ |xHQO u} QDtm OwW|t |aU 'hOy

|v}YL w |@=QD VwQ "2"4
u} QDO@ w u} QDy@ =OD@= 'Z1 hOy `@=D |R=i C} w[a `@=D u}}aD |=Q@ VwQ u}= QO

"O};|t CUOx@ 19 w 18 \@=wQ j@=]t pOt QO Z1 hOy `@=D Q=Okt
Zl1 = Min (CM � CL)X

s:t:

AX � b; X � 0 (18)

Zu1 = Max (CM � CL)X

s:t:

AX � b; X � 0 (19)

|x]@=Q R= OwW xv}tm O}=@ xm Z1 hOy `@=D |=Q@ |R=i |]N C} w[a `@=D 'TBU
"OwW|t x@U=Lt 20

�Z1 (Z1) =

8>>>><>>>>:
1 Z1 � Zl1
Zu1 �Z1
Zu1 �Zl1 Zl1 � Z1 � Zu1
0 Z1 � Zu1

(20)

"CU= xOt; 1 pmW QO Z1 hOy uOWxv}y@ C} w[a `@=D
xHwD =@ xm Cw=iD u}= =@ OwW|t s=Hv= Z3 w Z2 hOy `@=wD |=Q@ |y@=Wt VwQ
CUOx@ 21 |x]@=Q R= =yv; |R=i |]N C} w[a `@=D '`@=D wO u}= |R=Uxv}W}@ x@

"CU= xOt; 2 pmW QO '21 |x]@=Q |R=i C} w[a `@=D "O};|t

"Z1 hOy uOW xv}y@ C}w[a `@=D "1 pmW

|xv}y@ C}iQ_ u}}aD |=Q@ xOWx�=Q= |[=} Q pOt 'C}a]k sOa \}=QW QO 'u}=Q@=v@
%OwW|t xO=O xaUwD Q} R CQwYx@ pDy

Min ~CT =
3X
j=1

26664
�

~i:(1+~i)N

(1+~i)N�1

�
:
KjP
n=0

(Kj � n) :�nj :bj

+
1000P

n=Kj+1
(n�Kj) :�nj : ~Pj

37775 (11)

3X
j=1

ajkj � S (12)

3X
j=1

bjkj � B (13)

Kj � 0; Integer 8j 2 J (14)

`@=D QO =yQ}eDt ?}=Q[ u; QO xm CU= |R=i |R} Qxt=vQ@ pOt l} `k=w QO 'pOt u}=
"CU= xOW h} QaD |FrFt |R=i CQwYx@ hOy

OwHw |R=i |R} Qxt=vQ@ p�=Ut R= ẁv u}= =@ OQwNQ@ |=Q@ |awvDt |=yQ=my=Q
pOt |R=i hOy `@=D [30]nv;wy w |q VwQ R= xO=iDU= =@ =OD@= VywSB u}= QO "OQ=O
xO=iDU= =@ w |R=i OQm} wQ =@ ,=OOHt TBU "OwW|t p}O@D |a]k hOy `@=D xU x@
l} x@ =Q p@k |xrLQt QO xOt;CUOx@ |xiOyxU `@=D [31]|v}YL w |@=QD VwQ R=

"s}vm|t u; pL x@ s=Ok= w p}O@D |a]k |xiOylD `@=D
C@Uv =yv; |O=yvW}B OQm} wQ QDW}@ |}=Q=m [31]|v}YL w |@=QD |xr=kt QO
|=ypOt |=Q@ [32]'utQt} R VwQ Ovv=t u}W}B OQ@ Q=mQB w hwQat |=yVwQ x@
x@ xr=kt u}= QO 'u}=Q@=v@ "CU= xO}UQ C=@F=x@ |R=i |]NQ}e |DL w |]N
xOW xO=iDU= |v}YL w |@=QD O}OH OQm} wQ R= |r@k |=yOQm} wQ R= xO=iDU= |=H

"CU=

nv;wy w |q VwQ "1"4
15 |x]@=Q j@=]t Ovv=wD|t hOy `@=D QO =yQ}eDt ?}=Q[ 'nv;wy w |q VwQ QO

"OvW=@ |R=i O=Oa=

Max ~Z = ~CX

s:t:

AX � b; X � 0 (15)

%OvW=@ ~C = (CL; CM ; CR) |FrFt |R=i O=Oa= CQwYx@ hOy `@=D?}=Q[ Qo =

Max ~Z =
nX
j=1

�
cLj ; c

M
j ; c

R
j

�
:xj

s:t:
nX
j=1

aij :xj � b i = 1; 2; : : : ;m; xj � 0 (16)

Q@ "Ow@ Oy=wN ~Z = (CMX) CQwYx@ |FrFt |R=i Q}eDt l} R}v ~Z 'u}=Q@=v@
|x]@=Q QO |FrFt |R=i hOy `@=D uOQmxv}W}@ |=Q@ [30]'nv;wy w |q VwQ T=U=
AJCtU p=@ 'xv}W}@ =Q (CMX) Q=Okt u} QDumtt 'u=tRty Qw]x@ u=wD|t �16�
xv}W}@ =Q ((CR � CM )X) CU=Q CtU p=@ w xv}tm =Q ((CM � CL)X)
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Max (�Z3) = �
3X
j=1

266666664
�

(iR�iM):(1+(iR�iM))N

(1+(iR�iM))N�1

�
:
KjP
n=0

(Kj � n) :�nj :bj

+
1000P

n=Kj+1
(n�Kj) :�nj :(PRj � PMj )

377777775
(26)

Zl1 = Min (�Z1) Zu1 = Max (�Z1)
3P
j=1

ajkj � S 3P
j=1

ajkj � S
3P
j=1

bjkj � B 3P
j=1

bjkj � B
Kj � 0; Integer Kj � 0; Integer (27)

Zl2 = Min (�Z2) Zu2 = Max (�Z2)
3P
j=1

ajkj � S 3P
j=1

ajkj � S
3P
j=1

bjkj � B 3P
j=1

bjkj � B
Kj � 0; Integer Kj � 0; Integer (28)

Zl3 = Min (�Z3) Zu3 = Max (�Z3)
3P
j=1

ajkj � S 3P
j=1

ajkj � S
3P
j=1

bjkj � B 3P
j=1

bjkj � B
Kj � 0; Integer Kj � 0; Integer (29)

Max Y = w + (1� )
X
h

�h�zh (zh)

s:t:

W �

Zu1 +
P3
j=1

26666664
�

(iM�iL):(1+(iM�iL))N

(1+(iM�iL))N�1

�
:
PKj
n=0 (Kj � n) :�nj :bj

+
P1000
n=Kj+1 (n�Kj)

:�nj :(PMj � PLj )

37777775
Zu1 � Zl1

W �

�P3
j=1

26664
�
iM :(1+iM)N

(1+iM)N�1

�
:
PKj
n=0 (Kj � n) :�nj :bj

+
P1000
n=Kj+1 (n�Kj) :�nj :PMj

37775� Zl2
Zu2 � Zl2

W �

�P3
j=1

26666664
�

(iR�iM):(1+(iR�iM))N

(1+(iR�iM))N�1

�
:
PKj
n=0 (Kj � n) :�nj :bj

+
P1000
n=Kj+1 (n�Kj)

:�nj :(PRj � PMj )

37777775� Zl3
Zu3 � Zl3

�h and  2 [0; 1]

Kj � 0; Integer (30)

"Z3; Z2 hOy uOW xv}y@ C}w[a `@=D "2 pmW

�Z2 (Z2) =

8>>>><>>>>:
0; Z2 � Zl2
Z2�Zl2
Zu2 �Zl2 ; Zl2 � Z2 � Zu2
1; Z2 � Zu2

(21)

QO xm OwW|t 22 |xiOylD xr�Ut x@ p}O@D 17 |xiOyxU |xr�Ut '?}DQDu}=x@
"OwW|t xv}W}@ hOy `@=wD uOWxv}y@ |xHQO u} QDtm u;

Max Y = w + (1� )
X
h

�h�zh (zh)

s:t:

w � �zh (zh) ; h = 1; 2; 3
�h and;  2 [0; 1] (22)

"CU= |R=i |xv} Ry ?}=Q[ =@ hOy `@=D l} xr=kt u}= QO |O=yvW}B |xv} Ry `@=D

Max
�� ~Z

�
= �

3X
j=1

26664
�

~i:(1+~i)N

(1+~i)N�1

�
:
KjP
n=0

(Kj � n) :�nj :bj

+
1000P

n=Kj+1
(n�Kj) :�nj : ~Pj

37775
(23)

u; |a]k pO=at |xv}y@ pOt =D OwW|t xO=iDU= 22-15 \@=wQ xawtHt R= 'u}=Q@=v@
"O}; CUOx@ 30-24 \@=wQ CQwYx@

Min (�Z1) = �
3X
j=1

266666664
�

(iM�iL):(1+(iM�iL))N

(1+(iM�iL))N�1

�
:
KjP
n=0

(Kj � n) :�nj :bj

+
1000P

n=Kj+1
(n�Kj) :�nj :(PMj � PLj )

377777775
(24)

Max (�Z2) = �
3X
j=1

26664
�
iM :(1+iM)N

(1+iM)N�1

�
:
KjP
n=0

(Kjn) :�nj :bj

+
1000P

n=Kj+1
(n�Kj) :�nj :PMj

37775
(25)

132



2/
2|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "p=Ft x@ \w@ Qt |=yxO=O "1 pwOH

=yQDt=Q=B Q}O=kt xr�Ut |=yQDt=Q=B
RwQ 3650 = 10� 365 N

�xv=RwQ� �0 08 w �0 05 '�0 03 i

($) 500000 Bmax

(m2) 3000 Smax

(m2) 60 w 40 '30 a3; a2; a1

($) 7000 w 5500 '4500 b3; b2; b1

�?W Qy C@=@� 98 w 90 '70 ~P1

�?W Qy C@=@� 168 w 150 '135 ~P2

�?W Qy C@=@� 215 w 200 '155 ~P3

�xv=RwQ� 10 w 15 '25 �3; �2; �1

�RwQ� 4 w 2 5 '3 5 1
�3 ;

1
�2 ;

1
�1

=Q x@=wNwO w x@=wNlD ẁv R= =yj=D= |xv}y@ O=OaD w OL=w 12 =@ Q@=Q@ =Q C}�wU
"Ovm|t u=}@ OL=w 8 w 4 =@ Q@=Q@ ?}DQDx@

(1) |=Hx@ =Q xv} Ry `@=D QO swO =to}U |q=@ u=Qm Q=Okt ?rDt |xt=vQ@ QO
xm OwW ?=NDv= |}xvwox@ O}=@ nQR@ OOa u}= "O=O Q=Qk nQR@ OOa l} O}=@ C}=yv|@
=@ Q@=Q@ =Q OOa u}= p=Ft u}= QO "OwW l}ORv l} x@ |O=} R OL =D Cq=tDL= ẁtHt

"s}=xO=O Q=Qk 1000
1000X
n=0

�n1 = 0 9999 �= 1
1000X
n=0

�n2 = 0 9998 �= 1
1000X
n=0

�n3 = 0 9999 �= 1

'u=Qi=Ut |Q=oOv=t MQv w OwQw MQv x@ \w@ Qt Q}O=kt x@ xHwD =@ p=Ft u}= QO
100 xv=oxU |=yj=D= `=wv= R= s=Om Qy |=Q@ CN=U p@=k |=yj=D= O=OaD |xv}W}@
OwQw MQv OwHw Crax@ xJv=vJ "(Kj < 100) CU= xOW xDiQo Q_v QO OOa
|=Q@ |QDW}@ *j=D= O=OaD uDiQo Q_v QO =@ =Q xr�Ut u}= s}y=wN@ 'QDW}@ Qi=Ut
QO xOWxDWwv |xt=vQ@ Qo}O x=ov; 's}vm pL xv=oxU |=yj=D= `=wv= R= s=Om Qy
O=a@= =@ xm |]}=QW QO TB "OUQ|tv ?=wH x@ pwkat u=tR QO p@k |xrLQt
xO=iDU= |Q=mD@==Qi w |Q=mD@= |=yVwQ R= O}=@ s}DUy xH=wt xr�Ut R= |QDoQR@

"s}vm

OyWt =} QO Twv=i pDy %|OQwt |xar=]t "2"5
w |v=tDN=U \}=QW QO |U=U= C=Q}}eD R= TB 1365 p=U QO =} QO Twv=i pDy
pDy RwHt u=tR u; QO CUv=wD w OW xk@] 5 QO j=D= 42 =@ |rDy x@ p}O@D |m} R}i
QN=w= QO |HQ=N w |rN=O u=Qi=Ut sHL Q}osWJ V}=Ri= =@ "OQ}o@ R}v =Q xQ=DU xU
w |tm CQwYx@ =Q pDy u}= OvDiQo s}tYD pDy u}= u=mr=t w u=Q}Ot 'O=DWy |xyO
=D OW ?} QND pDy u}= |t}Ok u=tDN=U 1391 p=U QO s=Hv=QU w OvyO =kDQ= |i}m

"C}a]k sOa \}=QW QO pDy |xv}y@ C}iQ_ |xr�Ut pL CQ=Jwri "3 pmW

CUOx@ u; xv}y@ ?=wH w OwW|t |R=UxO=}B ?rDt QO 30 |x]@=Q |[=} Q pOt
|R=i `@=D '(W ) hOy `@=D xU |R=Uxv}y@ |xHQO u} QDtm uOQmxv}W}@ =@ =D O};|t
pL Ov}=Qi 3 pmW "OwW u}}aD pDy C}iQ_ |xv}y@ Q=Okt w xv}y@ =yxv} Ry pm
pOt R= xO=iDU= =@ =Q C}a]k sOa \}=QW QO pDy |xv}y@ C}iQ_ u}}aD |xr�Ut

"OyO|t u=Wv |R=i pL OQm} wQ w |O=yvW}B hY

|OOa G}=Dv "5
pDy |xv}y@ C}iQ_ u}}aD |xr�Ut |OOa p=Ft "1"5

5 pDy l} Ov=xDiQo s}tYD |QoWOQo CavY u=Q=Pox}=tQU R= |O=OaD O}vm ZQi
pDy C}iQ_ |xQ=@ QO O}=@ 'pDy |@=}u=mt |xrLQt R= TB uwvm = "OvR=U@ xQ=DU
C}iQ_ 'xr=U 10 |v=tR ji= uDiQo Q_v QO =@ OvQ=O s}tYD =yv; "Ovvm |Q}os}tYD
pDy u}OvJ R= |D=aq]= |Qw;`tH R= TB "OvQw; CUOx@ =Q pDy CN=U |=Q@ xv}y@
C}iQ_ u}}aD |=Q@ R=}v OQwt C=aq]= '=yxO=O |UQQ@ w p}rLD w h=Q]= |L=wv QO

"CU= xOt; CUOx@ 1 pwOH j@=]t pDy |xv}y@
|OOa p=Ft pL "1"1"5

|=R=x@ |O=yvW}B pOt |xv} Ry `@=D Q}O=kt ?rDt QO xOWxDWwv Om R= xO=iDU= =@
'=yC}OwOLtuOQm =[Q= Q@xwqa xm|}=yC}iQ_wO};|tCUOx@hrDNt|=yC}iQ_
|=Q@ xv}y@ |=yC}iQ_ u=wvax@ OvQ=O u=Q=Pox}=tQU |=Q@ =Q xv} Ry `@=D Q=Okt u} QDtm

"OvwW|t xDiQo Q_v QO x@=wNwO w x@=wNl} 'C}�wU |=yj=D= `=wv= O=H}=
ẁv R= |=yj=D= |xv}y@ O=OaD 'p=Ft u}= |=Q@ ?rDt |xt=vQ@ |HwQN G}=Dv
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"|OQwt xar=]t x@ \w@ Qt |=yxO=O "2 pwOH
=yQDt=Q=B Q}O=kt xr�Ut |=yQDt=Q=B

RwQ 3650 = 10� 365 N

�xv=RwQ� �0 07 w �0 06 '�0 05 i

u=twD OQ=}r}t 4 Bmax

(m2) 3400 Smax

(m2) 50 w 38 '25 a3; a2; a1
�uw}r}t� 45 w 40 '30 b3; b2; b1

�Q=Ry� 350 w 297 '130 ~P1
�Q=Ry� 500 w 424 '220 ~P2
�Q=Ry� 750 w 680 '300 ~P3
�xv=RwQ� 52 w 97 '125 �3; �2; �1
�RwQ� 2 w 2 4 '3 5 1

�3 ;
1
�2 ;

1
�1

'u}vJty "OW xDiQo Q_v QO xDWPo Q=wO= 0 7 '�=y 1
�j

� xv=oxU |=yj=D= |=Q@ u=Qi=Ut
O=OaD Q@=Q@ 3 R}v �=y�j� O}OH |xQwO QO pDy x@ |OwQw u=Qi=Ut O=OaD \UwDt

"OW OQw;Q@ xDWPo Q=wO= QO pDy u}= x@ |OwQw u=Qi=Ut
|OQwt |xar=]t |xr�Ut pL "1"2"5

O=OaD |HwQN G}=Dv '?rDt |xt=vQ@ QO xOWOm pOt QO C=aq]= u}= OwQw R= TB
ẁv R= =yj=D= |xv}y@ O=OaD w OL=w 61 =@ Q@=Q@ =Q C}�wU ẁv R= =yj=D= |xv}y@
CU= |vDio "OyO|t u=Wv OL=w 16 w 28 =@ Q@=Q@ ?}DQDx@ =Q x@=wNwO w x@=wNl}
R= O=OaD u}= CN=U '|O=yvW}B pOt \UwD xv}y@ |=y?=wH u}}aD R= TB xm
|O=yvW}B KQ] =@ u}vJty w pDy |v=mt w |O=a@= \}=QW =@ xv=oxU |=yj=D= `=wv=
\}=QW u}= uDiQo Q_v QO =@ TB &CW=Ov Ck@=]t xSwQB Q}Ot w |rY= Q=tat
30 'C}�wU OL=w 58 |}=yv KQ] j@] "OW ^=Lr =yj=D= |xv}y@ O=OaD QO |D=Q}}eD
|R} Qxt=vQ@ O}OH pDy CN=U |=Q@ x@=wNwO j=D= OL=w 16 w x@=wNlD j=D= OL=w

"OW

|D; |=yVywSB |=Q@ O=yvW}B w |Q}oxH}Dv "6
Q@ |vD@t |DWBxrwm pOt l} 'pDy |xv}y@ C}iQ_ u}}aD Qw_vtx@ VywSB u}= QO
|x} Q_v |v=@t R= xO=iDU= =@ =OD@= |O=yvW}B OQm} wQ QO "OW x�=Q= hY |x} Q_v
`@=D l} h} QaD =@ TBU "OW |R=Ux}@W pDy u=Qi=Ut VQ}PB sDU}U 'hY
|}=[i |=yC}OwOLt w u=Q=Pox}=tQU |r=t |=yC}OwOLt uDiQoQ_v QO =@ w xv} Ry
"OW xO=O xaUwD pDy |xv}y@ C}iQ_ u}}aD |=Q@ |DWBxrwm pOt l} 'pDy u=mt
p@=k X=N |[Qi \}=QW |=Q@ \ki xm u}W}B |=yOQm} wQ w =ypOt hqNQ@
u}vJty w ẁvDt |=ypOt OwHw p}rOx@ hY |x} Q_v R= xO=iDU= 'Ov=xO=iDU=
pOt j=@]v= u=mt= 'hwmQ=t |=yQ}HvR R= xO=iDU= =@ O}OH |=ypOt O=H}= CQOk
hY |=ypOt uwvm = sy "OR=U|t QU}t =Q hrDNt |ak=w \}=QW =@ |O=yvW}B
\}=QW x@ xHwD =@ u=wD|t |oO=Ux@ xm CU= xOW x�=Q= |tra C=ar=]t QO |O=} R
QO RwQx@ RwQ =ypOt u}= |x�=Q= "OQ@ Q=m x@ =Q =yv; EL@ OQwt |xr�Ut hrDNt
|=y\}Lt |R=UpOt |=Q@ hrDNt |=yR=}v x@ xHwD =@ w CU= V}=Ri= p=L
=@ 'xr=kt u}= QO xOWx�=Q= pOt xm OwW|t O=yvW}B "OwW|t xO=O \U@ |ak=w

pDy C}iQ_ V}=Ri= "OQwN@ O}rm pDy u}= |R=Uwv C=}rta O}OH h=Oy= T=U= Q@
|=Q@ 'u=Qi=Ut x@ C=tON K]U V}=Ri= u}vJty w u=QoWOQo QDW}@ VQ}PB |=Q@
h} QaD QO u=mr=t h=Oy= u} QDsyt R= xQ=DU Q=yJ pDy l} x@ pDy |xHQO p}O@D
xm '|R} Qxt=vQ@ ji= pw] QO xOt;CUOx@ |}=yv OwU xr}Uw u}O@ =D Ow@ xSwQB u}=

"OwW xv}W}@ 'Ow@ xOW xDiQo Q_v QO p=U 10 COt
xk@] 10 QO O}OH pDy CN=U RwHt w u}tR |x}rw= CL=Ut T=U= Q@
'|RwmH '=vwU 'VQ}PB OL=w 'u=QwDUQ |=Q@ R=}v OQwt CL=Ut QUm R= TB w
'nv}mQ=B '|WRQw x=oW=@ '|} wWmWN w |} wWU=@r OL=w '|i=QY '|@q 'QwUv=U;
|=yj=D= `=wv= x@ X}YND |=Q@ TQDUO QO CL=Ut |xv}W}@ '"""w C=v=t= jwOvY
pDy u}= u=mr=t \UwD xOQw; dr@t ẁtHt u}vJty "CU= `@ Qt QDt 3400 pDy
xU QO xm CU= xOW |v}@V}B u=twD OQ=}r}t 9 dr@t 'lv=@ R= |Di=} QO s=w w
'xSwQB s}D |=y|v}@V}B T=U= Q@ xD@r= "OW Oy=wN j} QRD xSwQB x@ xv=o =OH R=i
'nv}mQ=B x@ \w@ Qt xm pDy u}= QN; |xk@] wO w pw= |xk@] wO R}yHD w CN=U
OQ=}r}t 5 Q@ dr=@ ẁtHt QO CU= pDy u}= |D=i} QWD |=yOL=w Q}=U w u=QwDUQ
u=Qi=Ut |Dt=k= |=yj=D= `=wv= R}yHD w CN=U |=Q@ 'u}=Q@=v@ "OQ=O R=}v Q=@Da= u=twD
pDy "CU= xOW |v}@V}B xv} Ry OQ=}r}t 4 QFm =OL pDy |v=}t |xk@] 6 QO
|xt=vMQv x@ xHwD =@ "CU= �x@=wNwO w x@=wNlD 'C}�wU� j=D= ẁv xU |=Q=O
|=Q@ xQ=DUQ=yJ |=ypDy QO u=Qi=Ut Ct=k= ?W Qy Ct}k 'u=Q=OpDy |x}O=LD=
424 x@=wNlD |=yj=D= |=Q@ 'u=twD Q=Ry 297 'xQiv wO C}�wU ẁv R= |=yj=D=
"CU= xOW dq@= w h} QaD u=twD Q=Ry 680 x@=wNwO |=yj=D= |=Q@ w u=twD Q=Ry
C=Q}eD Q=JO =[=kD w x[Qa uwv=k x@ xHwD =@ w p=U pw] QO =yCt}k u}= xD@r=
CwrN s=}= QO xOWxDiQo Q_v QO |=yh}iND =@ xm |Qw]x@ OwW|t |O=} R ,=D@Uv
"OvwW|t xH=wt |OYQO 50 Vy=m =@ =yCt}k u}= |y=o R}v p=U Gw= Q}e w
w |r=t Q}Ot Ovv=t `r]t w xQ@N O=Qi= R= xm |}=yVQ=Ro x@ xHwD =@ 'u}=Q@=v@
R= xO=iDU= =@ w OW Ci=} QO xDWPo |=yxQwO QO =yCt}k OvwQ R= |rN=O Q}Ot
xDiQo Q_v QO pDy |=yj=D= QO Ct=k= |=Q@ |FrFt |R=i |=yCt}k '|R=i |x} Q_v

"OW
25 C}�wU ẁv R= j=D= Qy |=Q@ R}v xSwQB Q}Ot w Q=tat |=yVQ=Ro x@ xHwD =@
`@ Qt QDt 50 x@=wNwO j=D= Qy |=Q@ w `@ QtQDt 38 x@=wN lD j=D= |=Q@ '`@ Qt QDt
'C=aq]= |Qw;`tH w =y|UQQ@ R= TB xt=O= QO "OW xDiQo Q_v QO CN=U |=Q@
30 C}�wU Qy |=Q@ dr@t u}= xm OW OQw;Q@ j=D= `=wv= R}yHD w CN=U |=Q@ sRq dr@t
x@=wNwO |=yj=D= |=Q@ w u=twD uw}r}t 40 x@=wNlD j=D= Qy |=Q@ w u=twD uw}r}t
pw] QO |mv=@ |xQy@ MQv C=Q}}eD x@ xHwD =@ "OW |v}@V}B u=twD uw}r}t 45
"CU= xOW OQw;Q@ |R=i CQwYx@ R}v xv=RwQ |xQy@ MQv 'xr=U 10 |R} Qxt=vQ@ ji=
QO pDy u}= |HQ=N w |rN=O \}=QW |xQ=@ QO xOt; CUOx@ C=aq]= |xYqN

"CU= xOt; 2 pwOH
VQ}PB |=yu=tR x@ \w@ Qt xOWC@F C=aq]= w =yxO=O T=U= Q@ xm OwW xHwD
u}= Ck@=]t R= TB w xDWPo |=yxQwO QO pDy u}= u=Qi=Ut Ct=k= u=tR COt w
xm OW pY=L xH}Dv u}= 'Arena Q=Ri=sQv QO hrDNt |Q=t; |=y`} RwD =@ =yxO=O
OwQw u}@ |v=tR |xrY=ix@ \w@ Qt |Q=t; `} RwD x@ `} RwD u} QDl}ORv |}=tv `} RwD

"CU= pDy u}= QO =yv; Ct=k= u=tR COt u}vJty w u=Qi=Ut
OyWt QyW |QoWOQo w |ovyQi E=Q}t u=tR=U |=yVQ=Ro x@ xHwD =@ ,=vt[
u}vJty w OyWt QyW QO u=Qi=UtCt=k= u=tR COt QO |OYQO 30Vy=m Q@ |v@t
w xDWPo |=yxQwO x@ C@Uv OyWt QyW x@ =yCQi=Ut O=OaD |Q@=Q@ 2 2 V}=Ri=
Ct=k= u=tR COt u}ov=}t 'xDWPo x@ C@Uv pDy |i}m w |tm |=kDQ= x@ xHwD =@
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O=a@= =@ |r�=Ut pL |=Q@ |Q=mD@==Qi w |Q=mD@= pL |=yOQm} wQ |x�=Q= Q=vm QO pDy
xv=oxU |=yj=D= `=wv= |=Q@ xOWxDiQo Q_v QO j=D= O=OaD |xv}W}@ xm |]}=QW� QDoQR@
x@ |D; C=k}kLD s=Hv= |=Q@ ?=PH |=yxRwL R= Ov=wD|t '�OW=@ j=D= 100 R= V}@

"O}; Q=tW
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