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int((j+1)�TpmTP
i=int(j�TpmT )+1

TR
0
i�1P
l=1

xtl
xtmax

� �n(T )dt+

int((j+1)�TpmTP
int(j�TpmT )+1

R T
0

xti
xtmax

� �n(t)dt+

R ((j+1)�Tpm�int((j+1)�TpmT )�T )
0 (

int((j+1)�TpmTP
l=1

xtl
xtmax

� �n(T ))dt+R ((j+1)�Tpm�(int((j�1)�TpmT )+1)timesT )
0 (

xt
(int((j+1)�TpmT )+1)

xtmax
� �n(t)dt)+

xt
(int(j+1)�TpmT )

xtmax
� R (j+1)�Tpm

int((j+1)�TpmT )�T �n(t)dt

9>>>>>>>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>>>>>>>;
(2)

|[=} Q pOt "4"3
|xRwL QO |D=k}kLD -qN |}=U=vW w xOW s=Hv= |=y|UQQ@ x@ xHwD =@ xr�Ut pOt
C=_Lqt |Q}oQ=mx@ u}vJty 'C=Q}taD w |Q=Oyov w O}rwD |xJQ=Bm} |R} Qxt=vQ@
|=yxv} Ry pOt u}= QO "CU= xOW xDWwv u@ Qm C=Q=WDv= C}OwOLt x@ \w@ Qt
pwYLt |Q=Oyov 'pwYLt Qy O}rwD |=R=x@ w C@=F CQwY x@ O}rwD \N |R=Ov=x=Q
`@=D u=wvax@ |Q=Q][= w xv=Q}oW}B C=Q}taD w |Q=Oyov |=yxv} Ry u}vJty w Q=@v= QO
u=wvax@ 'O}rwD |=[i QO OwHwt |=yC}OwOLt w CU= xOW ^=Lr xr�Ut hOy

"CU= xOW xOQw; xr�Ut |=yC}OwOLt

Minimize
NX
n=1

H�TX
t=T

2666664
St:�(xt) + PRnt:xrnt
+PGnt:xgnt +HntINnt
+PMt:�(PMt)

+CM:'(xnt; Nb)

3777775 (3)

INnt + dnt = INn(t�1) + xtnt
; t = T; :::; T �H n = 1; :::; N (4)

H�TP
t=T

NP
n=1

Er:xrnt + Eg:xgnt � �
; t = T; :::; T �H n = 1; :::; N

(5)

xgnt = xnt � xrnt
;t = T; :::; T �H n = 1; :::; N (6)

Nb =
H�TP
t=T

�(PMt)

; t = T; :::; T �H n = 1; :::; N
(7)

xnt � �(xt)�M
; t = T; :::; T �H n = 1; :::; N (8)

IN0 = INT = 0 (9)

�(xnt) 2 f0; 1g (10)

&xv=Q}oW}B C=Q}taD s=Hv= |xv} Ry %PMt

&|LqY= C=Q}taD s=Hv= |xv} Ry %CMt

&xv=Q}oV}B Cv |xv}y@ O=OaD %Nb
ODi=|t j=iD= |v=tR ji= l} QO xm |D=Q}taD O=OaD |xv}tm \UwDt %'(xnt; Nb)

MQv pt=a wO x@ Q=Okt u}= 'CU= xQwO Qy QO O}rwD MQv uOw@ Q}eDt uDiQo Q_v QO =@
QO u; x@U=Lt |xwLv 'CU= xDU@=w xv=Q}oW}B Cv |xv}y@ u=R}t w xQwO Qy QO O}rwD

"CU= xOW xO=O u=Wv 2 |x]@=Q
CU= u}= Q@ ZQi xm CU= |t=Rr= xDmv u}= QmP 'xOW x�=Q= pwtQi XwYN QO
CU= PM s=Hv= |xQwO Tpm Qy 'CU= O}rwD |xQwO T '|R} Qxt=vQ@ |v=tR ji= QO
ji= QO =yPM pm O=OaD Nb '�CU= O}rwD OL=w R= C@=F ?Q[t Tpm `k=w QO�
u; QO xm CU= |v=tR Qou=}@ t� "CU= xQwO Qy QO PM xOvQ=tW j "CU= |v=tR

"�OQ}o|t s=Hv= x@U=Lt
QO =@ 'j}kLD u}= QO C=Q}taD w |Q=Oyov |=Q@ xOW xDiQo Q_v QO CU=}U
|R} Qxt=vQ@ |R=Uxv}y@ x@ 'PM C}r=ai s=Hv= |=Q@ XNWt |=yxR=@ uDiQo Q_v
xm 'CU= |mwr@ OQ@y=Q xO=iDU= OQwt OQ@y=Q u}vJty "OR=OQB|t C=Q}taD w |Q=Oyov
C}r=ai s=Hv= R=TB "OQ}o|t s=Hv= PM C}r=aiC@=F wXNWt |=yxR=@ QO u; QO
R}v xv=Q}oV}B Cv |xv}y@ O=OaD j}kLD u}= QO "OUQ|t wv Cr=L x@ sDU}U PM

pmW u}= QO "CU= xOW h}YwD |Ov@s}UkD Qou=Wv 2 pmW "CU= x@U=Lt p@=k
"CU= xOW xDiQo Q_v QO 2 OOa O}rwD |v=tR |=yxR=@ ,qFt

"C=Q}taD w |Q=Oyov w O}rwD |=yxR=@ K} QWD "2 pmW
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Ovyt |=yMU=B =@ GAMS Q=Ri=sQv QO lJwm O=a@= QO p�=Ut |=Q@ xOW x�=Q= |=y?=wH

|WN@C}=[Q |=y|HwQN R}v Oa@ u} QDlJwm QO w OW xDN=OQB =ysD} Qwor= u}=
=@ "CU= xar=]t OQwt |xr�Ut uOw@ |]NQ}e COW x@ xDU@=w ,qt=m xm O=Ov x�=Q=
|xU}=kt \}=QW 'OWv pY=L Q=Ri=sQv u}= \UwD |@=wH Qo}O O=a@= QO xmu}= x@ xHwD

"OW RmQtDt |R=Uxv}y@ |=ysD} Qwor= |xU}=kt Q@ j}kLD w OWv sy=Qi |@ wr]t
"CU= xOW xDN=OQB xOW x�=Q= |R=Uxv}y@ sD} Qwor= wO KQW x@ xt=O= QO

V=aDQ= |}=Q}t Q@ |vD@t |R=Uxv}y@ sD} Qwor= "1"4
`[w uwt=Q}B xm OvyO|t p}mWD |}=yCmQL =Q l}t=v}O QO syt p�=Ut R= |Q=}U@
x@ sDU}U =} sUH 'xQP "OvOvw}B|t ẁkw x@ sDU}U l} =} sUH l} 'xQP l}
|=Q=O xm |t=UH= s=tD "Ov} wo|t |W=aDQ= CmQL u; x@ xm OwW|t Q=O=w |DmQL
CmQL Qy "OvW=@ xDW=O |W=aDQ= CmQL Ovv=wD|t OvDUy |v=UWm C}Y=N w sQH
|Dkw "OwW|t O=H}= xmQLt |wQ}v =} sDU}U uwQO |wQ}v l} Q}F-=D CLD |W=aDQ=
u=Uwv |xvt=O 'OwW|t hrD |SQv= R= |WN@ 'OwW `]k Qou=Uwv l} |SQv= `@vt
uOQm =Q}t =Q Ov}=Qi u}= "Ov=t|t R=@ u=Uwv R= Qou=Uwv xQNq=@ w OwW|t sm xDiQ xDiQ

"Ov} wo|t |}=Q}t Ov}=Qi =} V=aDQ=
|OQ=wt QO "OQ=O |}xS} wC}ty= sDU}Ul} V=aDQ= QO |}=Q}t pt=wa |}=U=vW
|iQ] R= "OwW |Q}owrH Qov=Q} w C=W=aDQ= R= xm OwW O=} R u=vJ |}=Q}t QF= CU= R=}v
hrD |SQv= O}=@ sDU}U l} C=v=Uwv uOW =Q}t R= |Q}owrH |=Q@ OQ=wt R= |Q=}U@ QO
p=ta= |@ w=vD |HQ=N |wQ}v l} =ysDU}U ?re= QO "OwW u=Q@H |}xvwo x@ xOW
C@=F |Q=Okt u=Uwv |xvt=O xm Ovm|t pta |}xvwo x@ wQ}v u}= xQwO Qy QO "OwW|t
Ot=U@ xm |Dr=L QO "OwW|t xDio xDW=O=w u=Uwv |=Q=O sDU}U Cr=L u}= x@ "Ov=t@
|xvt=O 'OwW |w=Ut u; |D=P w |a}@] Ot=U@ =@ sDU}U Q@ OQ=w |HQ=N |wQ}v
xm s} wW|t xH=wt |]}=QW =@ Cr=L u}= QO OUQ|t OwN Q=Okt u} QDW}@ x@ u=Uwv

"OwW|t xDio O}OWD u; x@
QO xOQDUo Q=}U@ |aw[wt =yu; |v=tR MU=B w |W=aDQ= |=yCmQL |xar=]t
|v=w=Qi OwW QDW}@ u=Uwv |xvt=O QOkJ Qy "OwW|t ?wULt |UOvyt w l} R}i
Oy=wN QDtm MU=B |v=w=Qi OwW QDtm u=Uwv |xvt=O QOkJ Qy w OwW|t QDW}@ MU=B
=} xOwOLt 'xvt=O uOw@ QDnQR@ p}rO x@ q=@ u=Uwv |=yxvt=O QO Qo}O CQ=@ax@ "Ow@
CU= QDO=} R QDO}OH |=yMU=B uO=OMQ p=tDL= w CU= Q=}DN= QO |QDnQR@ |=[i
Oy=wN QDtm O}OH MU=B l} uO=O MQ p=tDL= u}}=B u=Uwv |=yxvt=O QO TmaQ@ w
l} uO=O MQ p=tDL= 'Ovm|t p}t QiY x@ u=Uwv |xvt=O |Dkw xm |wLvx@ "Ow@

"ODU}=|t R=@ u=Uwv Cr=L R= sDU}U w Ovm|t p}t QiY x@ O}OH MU=B
MU=B ?=NDv= Q=@ Qy w u=Uwv |xvt=O |xv}W}@ uDiQo Q_v QO =@ sD} Qwor= u}= QO
|iO=YD CQwYx@ w s}vm|t x@U=Lt =Q |SQv= Q=Okt 'xar=]t OQwt |v=tR ?w=vD QO
x@U=Lt =Q |rai w O}OH |=yMU=B |SQv= x=ou; 's}vm|t ?=NDv= Qo}O MU=B l}
QDq=@ K]U R= sDU}U 'Ow@ QiY =@ |w=Ut =} R= QDlJwm |SQv= Cw=iD Qo = 's}vm|t
'OwW|t xDiQ}PB O}OH MU=B xH}Dv QO w OwW|t pkDvt |SQv= QDu}}=B K]U x@ |SQv=
'xDW=O=w V=aDQ= =@ w xDiQ}PB |r} Q p=tDL= `} RwD =@ O}OH MU=B CQwYu}= Q}e QO
C}=yv QO "OwW O}rwD |Qo}O O}OH ?=wH =D OwW|t xDW=O xov C@=F u=Uwv |xvt=O
uOQm =Q}t |xt=vQ@ R= OW=@v Q=QkQ@ hkwD |x]@=[ Qo = "OwW|t xaH=Qt hkwD \QW x@
|xvt=O QO QwmPt |=ys=o ,=OOHt w OwW|t xDiQo xQy@ u=Uwv |xvt=O Vy=m |=Q@

[19]"OvwW|t Q=QmD CU= |r@k u=Uwv |xvt=O R= QDtm xm O}OH u=Uwv
|Q=mD@==Qi |=ysD} Qwor= R=|m} 9�VDO� V=aDQ=|}=Q}t |R=U xv}y@ sD} Qwor=

�(PMt) 2 f0; 1g (11)

xnt � 0; t = T; :::; T �H n = 1; :::; N (12)

xgnt � 0; t = T; :::; T �H n = 1; :::; N (13)

xrnt � 0; t = T; :::; T �H n = 1; :::; N (14)

INnt � 0; t = T; :::; T �H n = 1; :::; N (15)

|xv} Ry |R=Uxv}tm x@ u; pw= VN@ xm CU= xr�Ut hOy `@=D '3 |x]@=Q
'CU= xOW xO=O V}=tv St =@ |rwtat O}rwD \N |R=Ov=x=Q |xv} Ry 'OR=OQB|t O}rwD
O}rwD |xv} Ry w PRnt =@ |rwtat O}rwD |xv} Ry xOW O}rwD O=OaD T=U= Q@ u}vJty
|xU}=kt w |UQQ@ u=mt= R@U OQ@y=Q R= xO=iDU= "OwW|t xO=O V}=tv PGnt =@ R@U
uDiQo Q_v QO Cr=L =@ �O}rwD |O=a VwQ R= xO=iDU=� O}rwD |R} Qxt=vQ@ pwtat Cr=L
|O=a Cr=L |xU}=kt swRr CQwY QO w Ovm|t O=H}= =Q |DU} R \}Lt C=_Lqt
R@U O}rwD |=yxv} Ry uDiQo Q_v QO C}=yv|@ =@ u=wD|t '|]}LtCU} R C=_Lqt =@
xQwO Qy |OwHwt |Q=Oyov |xv} Ry `@=D xt=O= QO "OQm |UQQ@ =Q pOt G}=Dv PGnt
Hnt |OwHwt R= OL=w Qy |Q=Oyov |xv} Ry QO INnt |OwHwt u=R}t ?Q[ =@
xv=Q}oV}B C=Q}taD w |Q=Oyov |=yxv} Ry u=R}t |x@U=Lt u}vJty &OwW|t x@U=Lt

"OwW|t x@U=Lt xrO=at |xt=O= =@ �|O=a w R@U� OQ@y=Q wO Qy |LqY= w
C}=aQ \QW Qou=}@ 5 |x]@=Q "CU= |}=Q=O pO=aD \QW Qou=}@ 4 |x]@=Q
|=yVywSB =@ xr=kt u}= R}=tD xwHw R= |m} xm CU= xQwO Qy QO C=Q=WDv= C}OwOLt
w R@U OQ@y=Q ẁv wO Qy R= |@}mQD O}rwD u=mt= Qou=}@ 6 |x]@=Q "CU= xOW s=Hv=
OQ@y=Q R= xO=iDU= =@ xOW O}rwD u=R}t xm ?r]t u}= Qou=Wv u}vJty w CU= |O=a
Qou=Wv 7 |x]@=Q "OW=@ R=}v OQwt O}rwD pm u=R}t =@ |w=Ut =} R= QDtm O}=@ |O=a
QO xmCU= \QW u}= Qou=}@ 8 |x]@=Q "CU= xv=Q}oW}B w |Q=Oyov C=}rta pm O=OaD
O}rwD |xv} Ry p}tLD u=mt= sDU}U QO |R=Ov=x=Q |xv} Ry uOQm ^=Lr sOa CQwY
w =OD@= QO |OwHwt uOw@ QiY \QW 9 |x]@=Q "OW=@ xDW=Ov OwHw OL=w Qy |=R=x@
O}rwD n pwYLt R= t |xQwO QO xm CU= u}= Qou=}@ 10 |x]@=Q "CU= xQwO |=yDv=
C}r=ai uOWv =} uOW s=Hv= Qou=}@ 11 |x]@=Q u}vJty "Q}N =} OW Oy=wN s=Hv=
O}rwD u=R}t uOw@ |ivtQ}e Qou=}@ 15 |r= 12 |=yx]@=Q "CU= t |xQwO QO PM

"CU= |OwHwt w
R= s=OmQy =@ O}rwD |xv}y@ Q=Okt 'MATLAB Q=Ri=sQv R= xO=iDU= =@ pOt pL =@
&OwW|t XNWt PM |=yC}r=ai s=Hv= ?U=vt |xQwO w |O=yvW}B |=yOQ@y=Q
=@ xr�Ut |R=Uxv}y@ x@ TBU "OW Oy=wN x@U=Lt R}v xv}y@ |xv} Ry C}=yv QO

"CN=OQB s}y=wN V=aDQ= |}=Q}t |R=Uxv}y@ w l}DvS sD} Qwor= wO R= xO=iDU=

|R=Uxv}y@ |=ysD} Qwor= "4
'OW xO=iDU= GAMS Q=Ri=sQv R= =OD@= j}kLD u}= QO xOW x�=Q= pOt pL Qw_vt x@
?U=vt MU=B |x�=Q= x@ QO=k GAMS Q=Ri=sQv 'xr�Ut |q=@ |oO}J}B x@ xHwD =@ |rw
=@ |}xv=}=Q QO MATLAB Q=Ri=sQv R= xO=iDU= =@ p}rO u}ty x@ &Ow@v nQR@ O=a@= QO
C}=yv QO 'OW |R=UxO=}B xr�Ut pOt CPU Core i7 w 500 OQ=y ' Ram 8
"OW pL pOt V=aDQ= |}=Q}t w l}DvS Q@Dat |R=Uxv}y@ sD} Qwor= wO |Q}oQ=mx@ =@
V=aDQ= |}=Q}t sD} Qwor= w u; uOw@ =Q=m w uOw@ xOW xDN=vW p}rO x@ l}DvS sD} Qwor=
"OW ?=NDv= l}DvS sD} Qwor= =@ u; |}=Q=m u=R}t xU}=kt w uOw@ O}OH x@ xHwD =@
|xU}=kt x@ |R=Uxv}y@ |=ysD} Qwor= \UwD xOW x�=Q= |=yMU=B |}=tR; |DU=Q |=Q@
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"V=aDQ= |}=Q}t sD} Qwor= CQ=Jwri "3 pmW

l}DvS sD} Qwor= "2"4
|Qw=:vi w swra CiQW}B =@ xv=RwQ 'l}DvS sD} Qwor= |Q=m |xOwOLt CaUw x@ xHwD =@
"O@=}|t VQDUo Q=}U@ CNUxOQ p�=Ut pL w |R=Uxv}y@ QO VwQ u}= R= xO=iDU=
|=yVwQ xrtH R= w xDi=} pt=mD C=@U=Lt |=yxawtHtQ} R R= |m} l}DvS sD} Qwor=
R}v |awvYt Vwy EL=@t =@ |t}kDUt |x]@=Q sD} Qwor= u}= "CU= |Q=mD@==Qi pL
|DU} R pt=mD u}v=wk R= xm CU= |rm |wHDUH VwQ l} l}DvS sD} Qwor= "OQ=O
|QU l} u}@ QO QDy@ |=y?=wH |wHDUH x@ sD} Qwor= u}= "Ovm|t O}rkD |a}@]
|@=NDv= Ov}=Qi ltm x@ xOW O=H}= pUv Qy QO "OR=OQB|t xr�Ut |=y?=wH R=
|}=yQorta ltm x@ xOW ?=NDv= |=y?=wH pFtO}rwD w =y?=wH VRQ= =@ ?U=vDt
x@ |}=yv ?=wH R= |QDy@ |=y?} QkD 'Ov=xOW O=H}= |a}@] l}DvS R= xO=iDU= =@ xm
QDQ=oR=U xr�Ut \}=QW =@ O}OH |=ypUv xm OwW|t Ea=@ Ov}=Qi u}= "O};|t CUO

[22]"OW=@
|rt=mD OQ@y=Q u=wva =@|k}kLD QO [23]10nQ@vJ} Q\UwD Q=@ u}rw= sD} Qwor= u}=

"OW x�=Q=
%CU= Q} R CQwYx@ sD} Qwor= u}= |rm OvwQ

pL |=yVwQ� sRwtwQm |O=} R O=OaD pt=W xm C}atH l} |iO=YD O}rwD "1 s=o
"CU= �xr�Ut

"C}atH QO x swRwtwQm Qy |=R=x@ f(x) `@=D |=Q@ CLY |@=} RQ= "2 s=o
C}atH l} xm |v=tR =D Q} R OQ=wt s=tD s=Hv= =@ O}OH C}atH l} O}rwD "3 s=o

"OwW O=H}= O}OH
u; |DUQO w CLY x@ xHwD=@ |r@k C}atH R= QO=t w QOB |=yswRwtwQm "4 s=o

"OwW ?=NDv=

w xO=R|Oyt \UwD C=W=aDQ= |x} Q_v QO u=Uwv |}=Q}t s}y=it R= xO=iDU= =@ xm CU=
|O=yvW}B pOt |=Q@ sD} Qwor= u}= |R=UxO=}B C=}�RH [20]"CU= xOW x�=Q= sOkt|rmwD

"OwW|t K} QWD xt=O= QO
Qo = "OwW xDiQo Q_v QO u=Uwv u=wvax@ Ov=wD|t V=aDQ= swyit 'V=aDQ= sra QO
Oy=wN sDU}U |a}@] Ot=U@ |wQ Q@ |tm Q=}U@ Q}F-=D x=ov; 'OW=@ lJwm |}=Q}t
|}=Q}t OwHw sOa |=v@t Q@ ,=@} QkD |a}@] |=yOt=U@ |=Q@ C=@U=Lt wQu}= R= wCW=O
CU= nQR@ pL |xvt=O |=Q=O 'nQR@ C=v=Uwv QO VDO sD} Qwor= "OwW|t xDN=U
C=v=Uwv xm |t=ovy u}=Q@=v@ "CU= O=} R Q=}U@ O}OH pL uOt; CUO x@ p=tDL= w

[19]"O@=}|t Vy=m O}OH pL uOQw; CUO x@ p=tDL= 'O@=}|t Vy=m

sD} Qwor= |=yQDt=Q=B "1"1"4
|wHDUHu=mt=|rw|}=QotyCaQUVy=m q=@ Q}O=kt�C=W=aDQ= x}rw= |xvt=O %A0

&�QDW}@
&xvt=O Vy=m C=aiO O=OaD |xOvQ=tW %t

&�u=Uwv |xvt=O Vy=m � |}=Q}t ?} Q[ %
&�|}=yv ?=wH x@ |@=}CUO u=tR pQDvm QDt=Q=B� xDW=O=w |xkrL Q=QmD O=OaD %L

&|}=Q}t ?} Q[ Tma Q@=Q@ wO %Q
"|r} Q `} RwD QDt=Q=B %�

?} Q[ xJ Qy 'OQ=O xOya Q@ =Q u=Uwv |xvt=O Vy=m CaQU '|}=Q}t ?} Q[
Tma Q@ w Ow@ Oy=wN QDu}}=B xvt=O Vy=m CaQU 'OwW xDiQo Q_v QO QDnQR@ |}=Q}t
QDq=@ u=Uwv |xvt=O Vy=m CaQU 'OwW xDiQo Q_v QO QDlJwm u; Q=Okt xJQy
V=aDQ= R= w OQ=O |oDU@ C}kiwt OYQO x@ xDW=O=w |xkrL Q=QmD O=OaD "Ow@ Oy=wN
|}xvt=O QO xm OwW|t Ea=@ xkrL Q=QmD O=OaD uOw@ q=@ "Ovm|t C}a@D xDW=O=w
u=tR =@ s}kDUt \=@DQ= sD} Qwor= Q=QmD O=OaD "OW=@ q=@ =ywHDUH O=OaD XNWt
q=@ R}v sD} Qwor= u=tR 'OW=@ QDW}@ |rN=O |xkrL O=OaD xJ Qy 'OQ=O sD} Qwor=
O=H}= ?=wH C}i}m QO |Ow@y@ u; uOw@ q=@ CU= umtt 'OQ=wt |NQ@ QO "OwQ|t
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CQwYx@ =Q V=aDQ= |}=Q}t sD} Qwor= |=ys=o 3 pmW "OW=@ |rLt |xv}y@l} Qou=}@
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QO w QDy@ |=y?=wH V=aDQ= |}=Q}t |R=Uxv}y@ sD} Qwor= \=kv |NQ@ QO CU= xOt;
&Ovm|tv C}a@D |Y=N |wor= R= w OyO|t x�=Q= |QDy@ MU=B l}DvS s}DQwor= |NQ@
sD} Qwor=CaQUlJwm p�=Ut QO Cio u=wD|t |} woNU=B u=tR COt ^=Lr R= =t=
\UwDt p�=Ut QO p@=kt QO 'CU= V=aDQ=|}=Q}t |R=Uxv}y@ sD} Qwor= R= QDq=@l}DvS

"CU= QDq=@ V=aDQ= |}=Q}t |R=Uxv}y@ sD} Qwor= |} woNU=B CaQU nQR@ w

xawtHt u; R= |Qo}O QYva =} Q=Okt 'OW=@ xawtHt l} x@ jraDt xJv=vJ w Ovm|t
"OyO|t Q=Qk uS u; |=H x@ =Q

|=yVwQ w CN=wvm} '|D}@ '|v}Wv=H |=yVwQ u=wD|t VyH |=yVwQ R=
u=wvax@ xOW O}rwD |=yswRwtwQm 'VyH pta s=tD= R= TB "OQ@ s=v Qo}O |Q=mD@=
[26]"OvwW|t p=UQ= sD} Qwor= |=QH= Oa@ QwO |=Q@ w OvwW|t xDiQo Q_v QO O}OH pUv
CUO x@ G}=Dv p}rLD x@ xt=O= QO w s}=xOQ@ xQy@ l}DvS sD} Qwor= R= xr�Ut u}= QO

"CN=OQB s}y=wN VwQ u}= R= xOt;

G}=Dv "5
O}rwD |R} Qxt=vQ@ =OD@= w CU= xOW pL ?rDt Q=Ri=sQv R= xO=iDU= =@ |O=yvW}B pOt

32



1/
2|

xQ=t
W'

36
�1

|xQ
wO'

�13
99

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

|}=Q}t |xiOyOvJ w l}DvS sD} Qwor= wO |=QH= u=tR COt |xU}=kt "6 pmW
"C=W=aDQ=

|}=Q}t |R=Uxv}y@ sD} Qwor= \UwD xOWx�=Q= |=yMU=B 24 w 23 '22 |=yx]@=Q
Q@ sD} Qwor= K}HQD xOW x�=Q= |=y?=wH |xU}=kt =@ "OyO|t u=Wv =Q C=W=aDQ=

"CU= xHwD p@=k 'R@U O}rwD OQ@y=Q R= xO=iDU=

Xnt =

2664 8 0 11 0 0 67
12 0 9 0 0 70
7 0 14 0 0 38

3775 (19)

XRnt =

2664 0 0 8 0 0 36
0 0 2 0 0 40
5 0 10 0 0 20

3775 (20)

XGnt =

2664 8 0 8 0 0 31
12 0 7 0 0 30
2 0 4 0 0 18

3775 (21)

Xnt =

2664 0 35 33 0 0 19
0 40 37 0 0 52
0 51 35 0 0 41

3775 (22)

XGnt =

2664 0 24 13 0 0 9
0 19 24 0 0 44
0 34 30 0 0 25

3775 (23)

XRnt =

2664 0 11 20 0 0 10
0 21 14 0 0 8
0 17 5 0 0 15

3775 (24)

9 O=a@= =@ Qo}O |xr�Ut l} |HwQN 'xOW pY=L |xH}Dv R= u=v}t]= Qw_vtx@
|xQwO COt '9 Q@=Q@ xr�Ut u}= QO pwYLt ẁvD O=OaD 'CU= xOW |UQQ@ 10 QO
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CUO x@ G}=Dv T=U= Q@ "OW pL C=W=aDQ= |}=Q}t |R=Uxv}y@ w l}DvS sD} Qwor= wO
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u}= Q@ x@re |=Q@ w CU= xOW xO=iDU= CU} R \}Lt x@ xOW OQ=w |=yR=o Q=WDv=
OQ@y=Q w R@U O}rwD OQ@y=Q 'CU= xOW xO=O O=yvW}B O}rwD OQ@y=Q ẁv wO C}OwOLt
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\}Lt x@ =Q ?}U; u} QDtm xm |}xw}W x@ |Ov@xDU@ w pkvwptL |xwLv u}vJty w
|xv} Ry OQ@y=Q u}= x}rw= |=yxv} Ry ^=Lr R= CU= |y}O@ "OW=@|t 'Ovm OQ=w CU} R
xOW xDN=OQB xDmv u}= |UQQ@ x@ VywSB u}= QO =t= 'Ovm|t OQ=w sDU}U x@ |QDq=@
xDW=O sDU}U |=Q@ |QDtm |xv} Ry Ov=wD|t OQ@y=Q s=Om pm |xv} Ry QO xm CU=

"OW=@
|UQQ@ =@ |DU} R\}Lt w xv} Ry ^=Lr R= QDy@ |Qw=:vi ?=NDv= x@ MU=B Qw_vtx@
C} wrw= 'sD} Qwor= wO Qy O=O u=Wv G}=Dv '=ysD} Qwor= \UwD xOW x�=Q= |=yMU=B
OQ@y=Q =@ O}rwD =@ =Q =[=kD R= |QDW}@ O=OaD w Ov=xDW=O =Q R@U OQ@y=Q =@ O}rwD ?=NDv=
u=tRsy |xO=iDU= KQ] |x�=Q= xm CU= ẁ[wt u}= Qou=}@ xm OvyO|t MU=B R@U
|xv} Ry 'C=Q=WDv= u=R}t Vy=m Q=vm QO Ov=wD|t |O=a w R@U O}rwD OQ@y=Q ẁv wO R=
|R=Uxv}y@ QO 'u@ QmC=Q=WDv= C}OwOLt KQ] R= xO=iDU= u}=Q@=v@ "Ovm xv}y@ =Q O}rwD

Qy QO 'CU= XNWt xOW x�=Q= |=yMU=B R= xm Qw]u=ty &OyO|t u=Wv
ẁ[wt u}= Qou=}@ xm CU= QDW}@ R@U OQ@y=Q R= xO=iDU= K}HQD sD} Qwor= wO
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"OW=@|t

Xnt =

266666666666666666664

15 50 0 0 0 0 27 0 30 37
19 34 0 0 0 0 39 0 11 14
38 15 0 0 0 0 19 0 16 14
24 28 0 0 0 0 14 0 39 43
15 24 0 0 0 0 20 0 27 41
34 41 0 0 0 0 17 0 20 26
29 19 0 0 0 0 40 0 15 51
40 17 0 0 0 0 52 0 28 35
38 20 0 0 0 0 27 0 23 25

377777777777777777775
(25)

XGnt =

266666666666666666664

8 15 0 0 0 0 7 0 2 29
10 32 0 0 0 0 38 0 1 7
7 11 0 0 0 0 8 0 11 11
13 5 0 0 0 0 10 0 22 18
4 13 0 0 0 0 2 0 5 9
20 25 0 0 0 0 9 0 3 9
25 11 0 0 0 0 34 0 12 48
25 8 0 0 0 0 9 0 18 11
18 11 0 0 0 0 7 0 10 8

377777777777777777775
(26)

XRnt =

266666666666666666664

7 35 0 0 0 0 20 0 28 8
9 2 0 0 0 0 1 0 10 7
31 4 0 0 0 0 11 0 5 3
11 23 0 0 0 0 4 0 17 25
11 11 0 0 0 0 18 0 22 32
14 16 0 0 0 0 8 0 17 17
4 8 0 0 0 0 6 0 3 3
15 9 0 0 0 0 43 0 10 24
20 9 0 0 0 0 20 0 13 17

377777777777777777775
(27)

Xnt =

266666666666666666664

58 52 0 0 0 45 0 35 0 0
64 27 0 0 0 32 0 38 0 0
57 23 0 0 0 48 0 59 0 0
53 28 0 0 0 56 0 19 0 0
21 18 0 0 0 25 0 45 0 0
53 15 0 0 0 66 0 36 0 0
55 40 0 0 0 23 0 29 0 0
51 35 0 0 0 51 0 60 0 0
65 39 0 0 0 61 0 31 0 0

377777777777777777775
(28)
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9. vibration damping optimization (VDO)
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