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Q}_v xOW u}}aD p@k R= |=yC}r=ai R= |}xawtHt pt=W ,qwtat xv=Q}oW}B |Q=Oyov
xm CU=yu; Z} waD =} w =yxir-wt Q}taD 's}_vD '|Q=mu=wQ '|Q=mR}tD '|}xQwO |UQR=@
|Q=}U@ QO [1]"O@=} Ow@y@ sDU}U \}=QW =D Ovm|t ltm Qta xYNWt Q}}eD j} Q] R=
'=yu; uOW xOwUQi w C=R}yHD *|Q}oQ=mx@ =@ xm CU= xvwou}= |O}rwD |=ysDU}U R=
u=v}t]= C}r@=k Vy=m x@ QHvt OwN u}= xm OwW|t QDW}@ =yu; QO |@=QN p=tDL=
C} Q}Ot u}=Q@=v@ "OwW|t �CUmW |xv} Ry Ovv=t� 1|D=}rta |=yxv} Ry V}=Ri= w
uDW=O xov |=Q@ |O}rwD |=ysDU}U QO syt OL=w l} u=wvax@ xv=Q}oW}B |Q=Oyov
|D=}rta |=yxv} RyVy=m w =y|@=QNVy=m hOy =@?U=vt\}=QWl} QO C=R}yHD
R= pY=L |=yxv} Ry u}@ pO=aD l} xv=Q}oW}B |Q=Oyov `k=w QO [2]"OQ}o|t CQwY
|rm |@=QN MQv Vy=m R= pY=L OwU w xv=Q}oW}B Z} waD/|Q=Oyov |=yC}r=ai
|Q=Oyov |=yC}r=ai |r=wD u} QDy@ uOQm =O}B u; QO |rY= |xr�Ut w CU= sDU}U
=@ hOy `@=D =D CU= |R} Qxt=vQ@ ji= pm QO xQwO Qy QO sDU}U QO QYva Qy |=Q@

[3]"OwW xv}y@ =yC}OwOLt s=tD uDiQo Q_v QO
uQOt C=R}yHD w Cq;u}W=t 'O}rwD |xDiQW}B |=y|Qw=:vi |xaUwD =@ |iQ] R=

pw�Ut xOvU} wv �
"1399 12 18 VQ}PB '1399 11 28 x}LqY= '1399 2 23 Ci=} QO %M} Q=D

DOI:10.24200/J65.2021.55245.2095



"""|
xv=Q}

oV
}BZ

}waD
w|

Q=Oy
ov|

Ov@u
=tRx@ 1 � p p=tDL= =@ =} �O}OH pFt ?wN� x@ p p=tDL= =@ x@ =Q sDU}U CUmW

CUmW MQv pOt l} [24]uwJ w |r [23w22]'=w=o =m =v "Ovm RwQ x@ �j@=U pFt O@�
sDU}U CUmW MQv Vy=m |=Q@ \UwDt C=Q}taD w |Q=Oyov u; QO xm 'O=O x�=Q= =Q
=Q O}OH |xiOyOvJ |R=Uxv}y@ pOt l} [25]QWw} w sOkt u=Qt=m "CU= xOW s=Hv=
p@=k xiOyOvJ sDU}U l} QO xv=Q}oW}B |Q=Oyov w Z} waD |Ov@u=tR u}}aD |=Q@

"OvO=O xaUwD Q}taD w |Q=Oyov
|t=tD QO OyO|t u=Wv Q=DWwv u}= u=oOvU} wv |=y|UQQ@ |xH}Dv xm =Hu; =D
|v=tR =D x=oDUO xm CU= u}= Q@ ZQi xOW s=Hv= xv}tR u}= QO uwvm =D xm |D=k}kLD
pt=a =yvD '|ak=w |=}vO QO xm |DQwY QO 'OwW|tv hkwDt OwWv |@=QN Q=JO xm
xt=O= |=Q@ |rmWt x=oDUO |y=o Qo}O CQ=@ax@ "CU}v u; |@=QN x=oDUO hkwD
%Ovv=t |r}qO x@ �CU}v |@=QN =yv; p}rO xm |D=ikwD� |@=QNQ}e C=ikwD =t= OQ=Ov Q=m
'QwD=QB= Qw[L sOa '|R=UxO=t; 'Q=yv hQY 'pvUQB VRwt; 'Q=m |oDUw}B w ẁv
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Qta QO C=Q}}eD Qw_vt x@ "OW Ovy=wN u; CUmW O=ONQ MQv Vy=m ?@U ,=@k=aDt
QiY Q@=Q@ |R} Qxt=vQ@ |xQwO R=e; QOxir-wt Qy |}=OD@= uU 'sDU}U CUmW MQv w

"OwW|t xDiQo Q_v QO

Xi;1 = 0 (2)

|Q=Oyov |=yC}r=ai Q}F-=D "1"5
sDU}U/sDU}UQ} R|@=QNMQv |wQ|Q=Oyov Q}F-=D 2pmWQO wZ} waD Q}F-=D 1pmWQO
R= QDy@� Cr=L l} x@ =Q xir-wt '|Q=Oyov |=yC}r=ai ,qwtat "CU= xOW xO=O u=Wv
x@ `} QU Q}}eD l} |x@U=Lt |=Q@ x QF-wt Qta "Ov=OQo|tQ@ �O}OH R= QDO@� w �xDWPo
R(x) |xr}Uwx@ u=v}t]= C}r@=k TBU "OwW|t xDiQo Q=m x@ t |t} wkD Qta |=H
QO s=i sDU}UQ} R QF-wt |=yQta u=wvax@ X 0ij w Xij "OwW|t |@=} RQ= R(t) |=H@

\}=QW QO sDU}U |Q=Oyov Q@ QDW}@ w Ovvm s}_vD QDy@ \}=QW l} |=Q@ =Q sDU}UQ} R
OQwt =yu; s=Hv= |=Q@ |QDsm |=yl}vmD w Q=R@= ,qwtat w OvQ=O O}m -=D p=tQv |D=}rta
R= |Q=Oyov ẁv u}= QO "CU= OwOLt Ovvm|t O=H}= xm |Ow@y@ Q=Okt w CU= R=}v

"OwW|t xO=iDU= uewQ w ?; pFt |O=wt

8 (MR) Q}taD "2"3
sDU}UQ} R xm CU= xO=U VN@ OvJ Q}taD =} Z} waD |=yC}r=ai pt=W ,=twta Q}taD
|}=yxir-wt |=Q@ ,=DOta "O@=} CUO MS R= QDy@ Cr=L l} x@ =D Ovm|t |v=wDR=@ =Q
OvJ Z} waD w Q}taD pt=W &CU}v u=U; =yu; O} QN w x}yD xm OwW|t xO=iDU=
Q=DN=U C} wkD 'Q}taD |=Q@ QwDwt pt=m |R=UxO=}B 'xtUD 'xQyt 'Qvi %pFt xO=U VN@
C}r=ai ẁv u}= s=Hv= "CU= xOW Q}taD |=yxir-wt OOHt S=Dvwt 'S=DvwtO '|UOvyt

"OQ@|t �j@=UpFt O@� w �pw= pFt ?wN� u}@ |Dr=L x@ =Q u; 'xir-wt |wQ

9 (RP) Z}waD "3"3
xm CU= wv sDU}UQ} R l} =@ xOwUQi sDU}UQ} R l} Z} waD u=ty C}r=ai ẁv u}=
|O}rm |=yxir-wt |=Q@ C}r=ai u}= "Ovm|t |Q}owrH |OH pmWt w |@=QN l} R=
u}OvJ xm |}=yxir-wt xwqa x@ "OwW |Q}owrH |OH C=Q=UN R= =D OQ}o|t s=Hv=
CU}v xO=iDU= p@=k w CU= xDiQo s=Hv= =yu; |wQ |Q=Oyov |=yC}r=ai Q}=U Q=@

"OQ}o s=Hv= =yu; |wQ C}r=ai ẁv u}= CU= umtt

sDU}U Q=DN=U "4
=@ |QU Q=DN=U =@ |Q=Oyov p@=k w Q}PB Q}taD wv sDU}U l} xm CU= u; Q@ ZQi
Q=DiQ x@ xHwD =@ sDU}U QO xir-wt Qy OwW|t ZQi u}vJty "OQ=O OwHw xir-wt N
t xm CU= �i(t) `@=D =@ CUmW O=ONQ |W}=Ri= MQv l} |=Q=O u; Ci= p=L QO
uwU;wB Ov}=Qi R= xir-wt Qy CUmW Q=DWwv u}= QO "(t > 0) OQ=O u=tR x@ xQ=W=

%OwW|t u=}@ 1 |x]@=Q j@] w Ovm|t |wQ}B uotyQ}e
�i (t) = �i:�i:t�i�1for i = 1; : : : ; N (1)

"OvDUy s=i |xir-wt T=}kt w pmW |=yQDt=Q=B �i w �i u; QO xm

xr�Ut |[=} Q pOt "5
|=yC}r=ai xv}y@ |Ov@u=tRuDi=} Qw_vt x@ |R=UpOt O}OH OQm} wQl}VN@u}= QO

"OwW|t O=yvW}B |}xir-wtOvJ sDU}U l} |=Q@ xv=Q}oW}B Z} waD w |Q=Oyov
=yT}Ov= �

&�sDU}UQ} R� xir-wt |xOvQ=tW %i
"�xQwO� O}rwD <=QH= |xOvQ=tW %j

xr�Ut |=yQDt=Q=B �
&s=i |xir-wt |wQ |Q=Oyov T} wQU C}r=ai s=Hv= |xv} Ry %MSi

&s=i |xir-wt |wQ Q}taD |Q=Oyov C}r=ai s=Hv= |xv} Ry %MRi
&s=i |xir-wt Z} waD |xv} Ry %RPi

|xir-wt |wQ |Q=Oyov T} wQU C}r=ai s=Hv= |=Q@ R=}v OQwt u=tR COt %TMSi

61



"""|
xv=Q}

oV
}BZ

}waD
w|

Q=Oy
ov|

Ov@u
=tR%OwW|tv s=Hv= QF-wt Qta |wQ |Q}}eD I}y 'xOWv s=Hv= |D}r=ai I}y xm |OQwt |=Q@

Xi;j+1 = X 0i;j ; i = 1; 2; : : : ; N ; j = 1; 2; : : : ; B � 1 (8)

QO Qo = xm OvwW|t h} QaD CQwY u}= x@ rij wMRij 'MSij 1 w QiY |=yQ}eDt
QO w 1 Q@=Q@ OwW s=Hv= R w MR 'MS C}r=ai ?}DQDx@ i |xir-wt |wQ j |xQwO
xJQ=Bl} sQi l} QO u=wD|t =Q q=@ CqO=at "OW Oy=wN QiY Q@=Q@ CQwYu}= Q}e

%CWwv 15 =D 9 \@=wQ j@=]t
Xi;j = (1�msi;j�1) (1�mri;j�1) (1� ri;j�1)X 0i;j�1
+msi;j�1

�
X 0i;j�1 � (1�mi;1) �t

�
+mri;j�1

�
mi;2X 0i;j�1

�
(9)

msi;j +mri;j + ri;j � 1 (10)

X 0i;j = Xi;j + �t (11)

Xi;1 = 0; X 0i;1 = �t (12)
BX
j=1

NX
i=1

(MSi:msi;j +MRi:mri;j +Ri:ri;j) (13)

msi;j ;mri;j ; ri;j = 0or1 (14)

msi;j +mri;j + ri;j � 1 (15)

xv=Q}oW}B |Q=Oyov |=yxv} Ry "2"5
`}=vY QO =Q |D=}rta |=yxv} Ry pm R= |tyt VN@ Z} waD w |Q=Oyov |=yxv} Ry
u=wD|t =Q Z} waD w |Q=Oyov |=yxv} Ry '`}=vY ẁv x@ xHwD =@ "OvwW|t pt=W O}rwD

%R= OvDQ=@a =yxv} Ry `=wv= [26]"OQm u=}@ O}rwD |=yxv} Ry �40 =D �10 u}@
xv=Q}oW}B |Q=Oyov |}=QH= |xv} Ry "1"2"5

w Q}taD 'T} wQU |=yC}r=ai R= l} Qy s=Hv= s}kDUt |xv} Ry pt=W =yxv} Ry u}=
"CU= |R} Qxt=vQ@ ji= pw] QO xQwO Qy |=yDv= QO Z} waD

|Q=Oyov |=yC}r=ai |=QH= Cra x@ sDU}U hkwD |xv} Ry pm "2"2"5
xv=Q}oW}B

'|}xir-wtOvJsDU}Ul}Z} waD w Q}taD 'T} wQU 'CUmW|=yxv} RyuDiQo Q_v QO =@
|=yC}r=ai R= xv}y@?}DQDuDi=}|=Q@ xO=U|xr�Utl} x@ u=wD|t =Q Q_v OQwt|xr�Ut
"OQm p}O@D =yxir-wt Qo}O R= pkDUt w C}r=ai s=Hv= sOa =} w Z} waD 'Q}taD 'T} wQU
|=yC}r=ai x@ xHwD uwO@xir-wt Qy |=Q@ ?}DQD u} QDy@ u}}aD pt=Wxr�Ut u}=Q@=v@
|R=Uxv}y@ |xr�UtN =@ 'T=U=u}=Q@ "Ow@ Oy=wN =yxir-wt Q}=U |=Q@ xOW xDiQo Q_vQO
|=Q=O xQwO J =@ |}xir-wt N sDU}U l} 'Cr=L u}= QO "s} wW|t xH=wt pkDUt
'|OQm} wQ u}vJ |Q}oQ=mx@ =@ "CU= umtt C=Q}taD w |Q=Oyov |Ov@u=tR N � 4J
xv=}=Qo`k=w w |k]vt 'xir-wt Qy |=Q@ |Q=Oyov C}r=ai Qy s=Hv= |=Q@ sDU}U hkwD
R= |Q}owrH Qw_vt x@ '`}=vY R= |Q=}U@ QO hkwD |q=@ |=yxv} Ry x@ xHwD =@ "CU}v
hrDNt |=yxir-wt |=Q@ |Q=Oyov |=yC}r=ai R= |@}mQD 'sDU}U OOaDt |=yhkwD
Z} waD |=Q@ sDU}U Qo = 'xvwtv u=wvax@ "OwW|t xDiQo Q=mx@ u=Um} |=yxQwO QO
C=Q}taD w |Q=Oyov |=yC}r=ai `=wv= s=Hv= CU= umtt 'OwW hkwDt xir-wt l}
'O}; Q_v x@ |k]vt sDU}U OOHt hkwD R= |Q}owrH Qw_vt x@ =yxir-wt Qo}O |=Q@
'w} Q=vU u}= CLD "OW=@ xO}UQv =Qi =yu; |Q=Oyov s=Hv= |xv}y@ u=tR xm OvJQy
xm OwW|t xDiQo Q_v QO |]QW x@ xQwO Qy |=Q@ sDU}U hkwD s}kDUt |xv} Ry

"xir-wt |@=QN MQv |wQ j xQwO |=yDv= QO T} wQU w |Q=Oyov Q}F-=D "1 pmW

"xir-wt |@=QN MQv |wQ j xQwO |=yDv= QO Z}waD Q}F-=D "2 pmW
|r=wDt |xQwO wO u}@ u=tR COt R}v �t &OwW|t xDiQo Q_v QO s=j u=}=B w ẁQW

%CU=
X 0i;j = Xi;j + �t ; i = 1; 2; : : : ; N ; j = 1; 2; : : : ; B (3)

CQwYx@ QF-wt Qta xm OwW|t ZQi 'OwW xDiQo Q=m x@ xv=Q}oW}B |Q=Oyov Qo =
&Ov=xOW pOt 5 w 4 \@=wQ QO C=Q}}eD "O@=} Vy=m |v;

MS : Xi;j+1 = Xi;j + �i;j�t = X 0i;j � (1� �i;j) �t

fori = 1; 2; : : : ; N ; j = 1; 2; : : : ; B � 1; 0 � �i;j � 1 (4)

MR : Xi;j+1 = �i;jX 0i;j
fori = 1; 2; : : : ; N ; j = 1; 2; : : : ; B � 1 ; 0 � �i;j � 1 (5)

|oDU@ xv=Q}oW}B |Q=Oyov |=yC}r=ai Q}F-=D x@ w CU= xaUwD QwDm =i l} �i;j
ZQi "OvwW|t QDu=wH xv=Q}oW}B |Q=Oyov C}r=ai s=Hv= R= Oa@ =ysDU}UQ} R "OQ=O
=yxQwO |xty QO w OW=@ C@=F sDU}UQ} R Qy |=Q@ MR w MS Q}F-=D xm CU= xOW
mi;2 Q@=Q@ =yxQwO xty QO MS |=yC}r=ai xty |=Q@ w mi;1 Q@=Q@ xaUwD QwDm =i

%s} Q=O 6 x]@=Q j@] xm OW=@|t
�i;j =(

mi;1 For MS j = 1; 2; : : : ; B � 1 i = 1; 2; : : : ; N
mi;2 For MR j = 1; 2; : : : ; B � 1 i = 1; 2; : : : ; N

)
(6)

%s} Q=O �s= j |xQwO u=}=B QO� OW=@ xOW Z} waD i sDU}UQ} R Qo =
Xi;j+1 = 0 ; i = 1; 2; : : : ; N ; j = 1; 2; : : : ; B � 1 (7)
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1|
xQ=t

W'
37

�1
|xQ

wO'
�14

00
u=DU

@=D�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt pw= |xrtH xm CU= xrtH xU pt=W |Q=Oyov |=QH= p}rO x@ sDU}U hkwD |xv} Ry
^=Lr |Q=Oyov |=yC}r=ai R=C}r=ail} =yvD s=Hv= =@ xmCU=C@=F |xv} Ry u=ty
hkwD u; QO xmCU= |}=yxQwO |=Q@ Q}eDt |=yxv} Ry x@ \w@ Qt swO |xrtH "OwW|t
u=tRCOt V}=Ri= =@ xrtH u}= OwW|t xOy=Wt xm Qw]u=ty "OQ=Ov OwHw |@=QNQ}e
Q}eDt |xv} Ry x@ \w@ Qt swU |xrtH "O@=}|t V}=Ri= |Q=Oyov |=yC}r=ai |=QH=
^=Lr |=Q@ "OQ=O OwHw |@=QNQ}e |UQDUO sOa =yu; QO xm CU= |}=yxQwO |=Q@
R= '|Q=Oyov |=QH= |=yxv} Ry Vy=m Q@ u; Q}F-=D w pOt QO |@=QNQ}e C=ikwD uOQm
|=yC}r=ai s=Hv= u=tR COt xm |DQwY QO Q}eDt u}= "CU= xOW xO=iDU= fj Q}eDt
QiY OW=@ xQwO u; |@=QNQ}e |UQDUOsOa u=tR COt R= QDsm j xQwO QO |Q=Oyov

"Ow@ Oy=wN l} CQwY u}= Q}e QO w
R= QDsm |Q=Oyov |=yC}r=ai |=QH= u=tR COt Qo = 'OwW|t x_Lqt xm u=vJ
x=ov= 'CU}v TQDUO QO |@=QNQ}e C=ikwD p}rO x@ sDU}U xm OW=@ |v=tR COt
u}= "OW Oy=wN QiY H `@=D swU |xrtH w OQ}o|t OwN x@ QiY Q=Okt fj Q}eDt
|=yC}r=ai |=QH= 'xQwO l} QO xm OW=@ |}xvwo x@ |Ov@u=tR Qo = xm CU=vat u=O@
hkwDt |@=QNQ}e p}rOx@ sDU}U xm |v=tR COt u=ty QO |Q=Oyov |xOW ?=NDv=
|=Q@ O}rwD pt=wa w sDU}U QDW}@ hkwD |=Q@ |R=}v x=ov; OUQ@ s=tD= x@ CU= xOW
COt R= |Q=Oyov |=yC}r=ai |=QH= u=tR COt QOkQy "CU}v |Q=Oyov |=QH=
p}tLD sDU}U x@ Q}eDt |xv} Ry u=R}t u=ty x@ 'OW=@ QDW}@ |@=QNQ}e hkwD u=tR

"OwW|t

fj =8><>: 0 if
NP

i=1
[msi;j:TMS + mri;j:TMR + rpi;j:TRP] � Xj

1 otherwise

9>=>;
For j 2 F (19)

sDU}U |v=yo =v CUmW s}kDUt |xv} Ry "3"2"5
=QH= |] QO sDU}U xm u}= h}a[ u=mt= uOQm ^=Lr |=Q@ xwkr=@ |@=QN |xv} Ry
QQ[ l} Ea=@ 'OwW ?=QN sDU}U xm Q=@ l} "CU= xOW |iQat OwW ?=QN
xwkr=@ |@=QN |xv} Ry u}=Q@=v@ "�OW=@ Cf Q=Okt Q@=Q@ QQ[ u}= OwW|t ZQi� OwW|t

%OwW|t x@U=Lt 20 |x]@=Q |xr}Uwx@
max (1�Rsys;j (t)) :Cf ; j = 1; 2; : : : ; B; 0 � t � �t (20)

|xrY=i Qy QO t x@ xHwD =@ 'O@=}|tVy=mCN=wvm} CQwYx@ u=v}t]=C}r@=k uwJ
%CWwv 21 |x]@=Q CQwYx@ u=wD|t =Q 20 |xrO=at '|v=tR

max (1�Rsys;j (�t)) :Cf ; j = 1; 2; : : : ; B (21)

sDU}U |LqY= |Q=Oyov |xv} Ry "4"2"5
|=Q@ wxir-wt l} |@=QN R= Oa@ xm CU= |LqY= |Q=Oyov s=Hv= ?@U x@ xv} Ry u}=
sDU}U hkwD p=tDL= '|QU sDU}U QO "OwW|t s=Hv= C=}rta x@ sDU}U uOv=OQoQ@
"CU= xQwO u=ty QO =yxir-wt R= |m} pk=OL CUmW p=tDL= =@ Q@=Q@ xQwO Qy QO

%O};|t CUO x@ 22 |x]@=Q R= =yxir-wt R= |m} CUmW p=tDL=
X0i;js
Xi;j

�i (t) dt for i = 1; 2; : : : ; N ; j = 1; 2; : : : ; B (22)

s=Hv= Q_v Ot |xQwO QOxir-wt l} |=Q@ |i} QaD |Q=Oyov |=yC}r=ai R= |m} pk=OL
xwrH QDCNU xD@r= w QD|ak=w wQ V}B |xr�Ut 'xv} Ry u}= uDiQo Q_v QO =@ "OwW
u}}aD =yxir-wt |xty |=Q@ u=tRty Qw] x@ =yC}r=ai xv}y@ ?}DQD O}=@ =Q} R "O=O Oy=wN
`k=w QO xv} Ry u}= "CW=O Oy=wN OwHw umtt ?=wH 4N�J Cr=L u}= QO "OwW
|xv} Ry pt=W xm OQ}o|t Q@ QO =Q xv=Q}oW}B |Q=Oyov |] |i=[= |xv} Ry u=ty
|=Q@ ptL w uOQm Q=@v= |xv} Ry 'QwDwt S=DvwtO |xv} Ry 'u}YYNDt |R=UxO=t;
|xv} Ry OwWv s=Hv= |Q=Oyov Qo = "CU= xOWv s=Hv= |Q=Oyov pta xm |QY=va

"OQ=Ov OwHw sy |D@=F
=@ =t= "CU= xOW xDiQo Q_v QO C@=F xv} Ry ẁv u}= C=k}kLD s=tD QO uwvm =D
|=yxv} Ry Q@ xwqa =yxir-wt R= |[a@ |wQ |Q=OyovC}r=ai s=Hv= |=Q@ sDU}UhkwD
QO 'OQ}o|tv s=Hv= =yu; |wQ |D}r=ai I}y xm |}=yxir-wt """ w Q=@v= w ptL 'S=DvwtO
Qy |=R= x@ xv} Ry l} 'u=tR OL=wQy QO sDU}U |UQDUO sOa w sDU}U hkwD `k=w

"Ovm|t p}tLD xawtHt x@ xDiQ CUO R= CYQi ?@U x@ u=tR R= OL=w
%OwW|t xDUmW Q}eDt |xv} Ry l} w C@=F |xv} Ry l} x@ xv} Ry u}= TB

H = hFC + hDC :t (16)

u=tR OL=w Qy |=R=x@ |Q=Oyov |=QH= |=Q@ sDU}U hkwD s}kDUt |xv} Ry %hDC
&s=j xQwO QO

"|Q=Oyov |=yC}r=ai s=Hv= |=Q@ sDU}U hkwD u=tR COt %t
u}= QO OQ=O OwHw |@=QNQ}e hkwD |v=tR OL=w Xj Q=Okt x@ xm OwW ZQi Qo =
Oy=wN Q}}eD 17 |x]@=Q CQwYx@ |}x]@=[wO |x]@=Q l} x@ H |xv} Ry CQwY

%Ci=}

Hj =

(
hFC + hDC : (t�Xj) t > Xj
hFC t � Xj

)
(17)

p}rO x@ ,=iQY |Q=Oyov |=QH= p}rO x@ sDU}U hkwD |xv} Ry 'CU=O}B xm u=vJ
OwW|t ^=Lr OwW|t O=H}= |Q=Oyov |=yC}r=ai s=Hv= |=Q@ sDU}U QO xm |ikwD
p}rO x@ xv w |@=QNQ}e C=ikwD p}rO x@ sDU}U |DOt CU= umtt xQwO Qy QO =t=
u}= pQDvm x@ QO=k |Q=Oyov OL=w xm =Hu; R= "OwWhkwDt |Q=Oyov |=yC}r=ai s=Hv=
|=yC}r=ai R= |[a@ s=Hv= |=Q@ |DYQi u=wvax@ O}OyD u}= R= O}=@ 'CU}v C=ikwD
QO |Q=Oyov |=yC}r=ai s=Hv= sOa =} s=Hv= CQwY QO TB "OQm xO=iDU= |Q=Oyov
QO |Q=Oyov |=yC}r=ai s=Hv= w Ow@ Oy=wNv TQDUO QO sDU}U '=yu=tR u}= |]
|=yC}r=ai s=Hv= 'O}OH OQm} wQ u}= =@ "OwW|tv hDC |xv} Ry Ea=@ '=yu=tR u}=
p}rO x@ sDU}U hkwD |xv} Ry Vy=m ?@U '|@=QNQ}e C=ikwD u=tR QO |Q=Oyov

"OwW|t |Q=Oyov |=QH=
O}rwD |=QH= u; x@ xm OQ}o|t s=Hv= C=aiO x@ O}rwD 'sDU}U Qta pw] |] QO
umtt sDU}U 'O}rwD |=QH= Q=@ Qy R= Oa@ "OwW|t xDio xi}_w w C} Qwt=t u=ty =}

"OyO xt=O= OwN Q=m x@ hkwD uwO@ xm u}= =} w OwW hkwDt CU=
OW=@ xDW=O OwHw |@=QNQ}e hkwD |DOt Q=@ l} xQwO k Qy OwW ZQi Qo =
u; QO xm |}=yxQwO l}miD |=Q@ F |xawtHt x=ou; �OW=@ B =D 1 Ov=wD|t k�
CQwYx@ OyO|tv MQ |@=QNQ}e C=ikwD xm |}=yxQwO R= OyO|t MQ |@=QNQ}ehkwD

%CU= a K}LY <RH Qou=}@bac OwW|t h} QaD 18 |x]@=Q

F =
�
k:jjj = 1; 2; : : : ;

�
B
K

��
(18)
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"""|
xv=Q}

oV
}BZ

}waD
w|

Q=Oy
ov|

Ov@u
=tR|=QH= |xv} Ry sQ=yJ |xrtH 'OQ=O OwHw|@=QNQ}ehkwD xm|}=yxQwO QO xv=Q}oW}B

sWW |xrtH w xwkr=@ |@=QN |xv} Ry sHvB |xrtH 'xv=Q}oW}B |Q=Oyov |=yC}r=ai
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"|@=QN Q}e C=ikwD

=@ xU}=kt QO |Q=mD@==Qi |=ysD} Qwor= |xr}Uw x@ xOt; CUO x@ hOy `@=D hqDN=
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xDiQo Q_v QO =QH= u=tR COt x@ xDU@=w CQwYx@ |Q=Oyov |=yC}r=ai |=QH=

"OW
'nQR@ O=a@= QO p�=Ut pL Qw_vtx@ w xOW x�=Q= pOt uOw@ |]NQ}e x@ xHwD =@
Vy=m R}v w sD} Qwor= uOw@ =Q=m Q@ |D=@U=Lt G}=Dv "OW x�=Q= l}DvS |Q=mD@==Qi VwQ

Q=Qk |UQQ@ OQwt 5 pwOH QO R}v =yVwQ (CPU time) |D=@U=Lt u=tR
xR=Ov= V}=Ri= =@ j}kO |=yVwQ |=Q@ u=tR u}= xm OwW|t xOy=Wt "CU= xDiQo
|D=@U=Lt u=tR 'xr�Ut xR=Ov= Qy |=Q@ w O@=}|t V}=Ri= |}=tv CQwY x@ xr�Ut
nQR@ xR=Ov= =@ p�=Ut |=Q@ xm CU= xk}kO 8 R= QDsm xW}ty |Q=mD@==Qi |=ysD} Qwor=

"CU= ?U=vt Q=}U@

|Q}oxH}Dv "8
|=ysDU}U xv=Q}oW}B C=Q}taD w |Q=Oyov |=yC}r=ai |Ov@u=tR pt=W Q=DWwv u}=
Vy=m s}y=it 'xir-wt Qy CUmW O=ONQ |W}=Ri= MQv x@ xHwD =@ "CU= |}xir-wtOvJ
K}LY OOa \rDNt |R} Qxt=vQ@ pOt l} w OW xDiQo Q=m x@ Ow@y@ pt=wa w uU
|R=Uxv}tm hOy =@ w pOt QO |@=QNQ}e C=ikwD uOQm ^=Lr =@ |]NQ}e xDN}t;
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|=Q@ |Q}PB|UQDUO |R=Uxv}W}@ Q}_v |i=Oy= uDiQo Q_v QO =@ w xO}J}B Q=DN=U
"OwW|t O=yvW}B pOt Q@ u=WQ}F-=D |UQQ@

"CW=O CrqO |@=QNQ}e C=ikwD uDiQo Q_v QO ?@U x@ =yxv} Ry Q}otWJ
|=yCU=}U Qo}O R= u=tRsy CQwYx@ u=wD|t xRwL u}= QO Q=m |xt=O= |=Q@
xO=iDU= |=Q@ xv=@r] CYQi |Q=Oyov w \}=QW Q@ |vD@t |Q=Oyov uwJty |Q=Oyov

=yCWwv=B
1. operational cost
2. requirement reliability
3. break down
4. bad-as-old
5. Overhaul
6. opportunistic maintenance
7. maintenance service
8. maintenance repair (MR)
9. Replacement (RP)
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