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[19�16w 8w7]"CU= xDU@=w R}v QwmPt |=yxv} Ry x@ 'x=oDUO C}a[w Q@xwqa xv=Q}oV}B
u=wvax@ =y|UQR=@ u; QO xm CBM pOt l} Cio u=wD|t xYqN Qw]x@ TB
C=t}tYD pw= |xDUO &CU= s}tYD xDUO wO pt=W 'OvwW|t Qy=_ s}tYD Q}eDt
Cv |=QH= u=tR x@ \w@ Qt C=t}tYD swO |xDUO w sDU}U|UQR=@ |xwLv x@ \w@ Qt
s=Hv= |xv} Ry OW=@ O=} R =y|UQR=@ ?w=vD Qo = =yOQm} wQ u}= s=tD QO "CU= xv=Q}oV}B
|QwQ[Q}e |xv=Q}oV}B Cv C=}rta |wrH Zwa QO |rw OwW|t O=} R =y|UQR=@
Q@ "OwW|t |Q}osWJ Qw]x@ xQ_DvtQ}e |=y|@=QN Vy=m ?@U w OwW|t xDiQo
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|QwQ[Q}e xv=Q}oV}BCvC=}rta R=u}W=t OQmrta Ow@y@ut[ xDUUo|=y|UQR=@

"OwW Q=QkQ@ xvR=wt xDiQ CUO R= O}rwD w xv=Q}oV}B Cv '|UQR=@ u}@ w |Q}owrH
|R} Qxt=vQ@ pw= |xrLQt "CU= xrLQt wO pt=W OQm} wQ u}= OW xDio xm Qw]u=ty
Cv C=}rta |=QH= u=tR XwYN QO |Q}os}tYD swO |xrLQt w CU=y|UQR=@
'xr�Ut u}= QO "CU=y|UQR=@ R= xOt; CUO x@ |xH}Dv x@ xHwD =@ xv=Q}oV}B
u}W=t Cr=L |UQR=@ C=}rta s=Hv= =@ xm CU= xOW ZQi pw= |xrLQt |=Q@
x@ |UQR=@ C=}rta s=Hv= Q=@ Qy |xv} Ry w u=tR "OwW xO=O X}NWD |DUQO x@
"OwW|t xO=O V}=tv cins w tins =@ ?}DQD x@ w OQ=Ov |oDU@ u}W=t Cr=L
QO 'OwW s=Hv= O}=@ |UQR=@ C=}rta |R} Qxt=vQ@ ji= R=e; |va} pw= |xQwO |=OD@=
w OvDUy |UQR=@ C=}rta s=Hv= |=Q@ |}=yxv} Ro 'Qo}O |=yxQwO |=OD@= xm |r=L
QO "OvwW ?=NDv= |UQR=@ C=}rta s=Hv= |=Q@ =yxQwO s=Om OwW xDiQo s}tYD O}=@
xv=Q}oV}B Cv |=QH= |=Q@ xv}y@ u=tR |UQR=@ |xH}Dv x@ xHwD =@ 'swO |xrLQt
|=yxv} Ry ẁtHt xm OwW P=ND= |}xvwo x@ O}=@ C=t}tYD u}= "OwW u}}aD O}=@
xv}tm |R} Qxt=vQ@ ji= pw] QO xDiQ CUO R= O}rwD w xv=Q}oV}B Cv '|UQR=@

"OwW
|UQR=@ |=yxv} Ry |wQ s}kDUt Qw]x@ =y|UQR=@ XwYN QO |Q}os}tYD
u=tR =Q} R &CU= s}kDUtQ}e =yxv} Ry Q}=U |wQ u; Q}F-=D xm |r=L QO 'OQ=Po|t Q}F-=D
w xv} Ry "OwW|t XNWt |UQR=@ C=}rta s=Hv= R= Oa@ \ki xv=Q}oV}B Cv |=QH=
xDU@=w =QH= |x_Lr QO u}W=t Cr=L x@ xv=Q}oV}B Cv C=}rta |=QH= u=tR COt
tpm(s) w cpm(s) "OvwW|t xO=O V}=tv tpm(s) w cpm(s) =@ ?}DQD x@ w CU=
Cr=L QO u}W=t |Dkw OwW|t ZQi u}vJty "OvDUy |OwaY ,=O}m = s x@ C@Uv
R= O}rwD xv} Ry "OW=@ QiY xv=Q}oV}B Cv |=QH= u=tR COt w xv} Ry 'CU= QiY
uOw@ TQDUO p@=k Q}e =} u}W=t p=wR p}rO x@ xm CU= |}xv} Ry 'xDiQ CUO
"OwW|t p}tLD sDU}U x@ xv=Q}oW}B Cv =} |UQR=@ C=}rta |=QH= u=tR QO u;
Cr=L w O}rwD MQv u}@ |oDU@=w O=H}= Q@xwqa 'xv} Ry u}= uDiQo Q_v QO |=Q@

pOt QO xv=Q}oV}B Cv |=QH= |=Q@ sRq u=tR COt u}vJty "CU= xOWv xO}O pOt
"CU= xOWv ^=Lr

|UQR=@ x@ \w@ Qt C=t}tYD u; QO xm |k}kLD 's}=xOQm |UQQ@ =t xm =Hu; =D
'OwW P=ND= =[=kD Qw[L QO w u=tRsy Qw]x@ xv=Q}oV}B C=Q}taD w |Q=Oyov w
"CW=O OwHw u=kkLt |=B V}B Q}Ut wO ẁ[wt u}= x@ uDN=OQB |=Q@ "OQ=Ov OwHw
xmu; Qo}O w OwW xO=O xaUwD =[=kD Qw[L QO CBM |xRwL |=ypOt xmu; |m}
=[=kD Qw[L QO =Q xv=Q}oV}B Cv xm |}=ypOt x@ |UQR=@ x@ \w@ Qt C=t}tYD
pOt w xOQm ?=NDv= =Q swO Q}Ut j}kLD u}= QO =t "OwW xi=[= 'Ovvm|t |R} Qxt=vQ@

[23]"s}=xO=O xaUwD =Q xOW x�=Q=
|=Q@ pOt l} '|iO=YD |=} wB |R} Qxt=vQ@ VwQ R= xO=iDU= =@ xr=kt u}= QO
|y=vDt ji= QO w |vi K]U QO \}=QW Q@|vD@t C=Q}taD w |Q=Oyov |R} Qxt=vQ@
pOt QO s}tYD Q}eDt u=wvax@ w Ov=xDUUo =y|UQR=@ 'pOt u}= QO "CU= xOW x�=Q=
"O};|tCUO x@ umtt |UQR=@ |=yKQ] u}@ R= xv}y@ |UQR=@ KQ] w Ov=xOW xOv=Hvo
|=yxv} Ry 'xv}y@ |UQR=@ KQ] uOQw; CUO x@ QO xm CU= |}xvwo x@ xOW x�=Q= pOt
u}vJty "CU= xOW xDiQo Q_v QO xDiQ CUO R= O}rwD w xv=Q}oV}B Cv w |UQR=@
pY=L |UQR=@ |xH}Dv x@ xHwD =@ xv=Q}oV}B Cv C=}rta |=QH= |=Q@ u=tR u} QDy@
Qw]x@ xv=Q}oV}B Cv w |UQR=@ |=QH= |=Q@ xv}y@ u=tR 'Qo}O CQ=@ax@ "OwW|t
GwR pOt Cr=L Q}eDt "OwW|t Q=QkQ@ xvR=wt =yv; u}@ w OwW|t XNWt u=tRsy
=[=kD "OyO|t u=Wv =Q u}W=t C}a[w s w =[=kD z u; QO xm CU= (s; z) ?DQt
s=Hv= R= Oa@ u}W=t C}a[w w CU= x=wNrO `} RwD =@ xDUUo |iO=YD Q}eDt l}

"OwW|t XNWt |UQR=@
%R= CU= CQ=@a [23]2014 p=U QO xOW x�=Q= pOt =@ =t pOt Cw=iD u}=Q@=v@
ji= QO |R} Qxt=vQ@ 'OwW|t ?Hwt xm pOt x@ |UQR=@ C=t}tYD uOQm xi=[= �

"OQ}o CQwY |y=vDt
"CU= xOW ^=Lr pOt QO xv=Q}oV}B Cv w |UQR=@ |=QH= |=Q@ sRq u=tR COt �
,qt=m xQwO Qy |=OD@= QO Cr=L Q}eDt xm CU= u; Q@ ZQi [23]`HQt x@ xHwD =@ �
xm |UQR=@ u=tR QO \ki Cr=L Q}eDt =t pOt QO xm |r=L QO &OwW|t u}at
xm CU= |rY= Vr=J u=ty u}= w OwW|t XNWt 'CU= s}tYD Q}eDt OwN
"CU= xOW xDN=OQB u; x@ j}kLD u}= QO w OQ=O OwHw xr�Ut u}= |R=UpOt QO
|=Q@ xm CU= u; CBM |xRwL |=ypOt =@ =t pOt |rY= Cw=iD 'u}vJty
x@ u}W=t C}a[w Q@xwqa xv=Q}oV}B Cv w |UQR=@ u=tR OQwt QO |Q}os}tYD
w O}rwD |xRwL wO u}@ |ovy=ty ?Hwt Qt= u}= xm OQ=O xHwD R}v |QDWt |=[=kD

"OwW|t |vi K]U QO Cv
|=yVN@ QO "CU= xOW u=}@ \w@ Qt |=yZQi w xr�Ut '2VN@ QO w xt=O= QO
QDW}@ K} QWD |=Q@ "OwW|t x�=Q= p}YiD x@ u; pL VwQ w |O=yvW}B pOt 5 w 4 '3
xOW EL@ pOt |HvUQ=@Da= OQwt QO w |L=Q] |OOa p=Ft l} 6 VN@ QO 'pOt
"CU= xOW u=}@ |D; C=k}kLD |=Q@ |}=yO=yvW}B w |Q}oxH}Dv 7 VN@ QO w CU=

C=[wQit w xr�Ut u=}@ "2
VQ=iU |=v@tQ@ O}rwD u; QO xm O} Q}o@ Q_v QO =Q |rwYLtlD O}rwD sDU}U l}
|xQwO K x@ w CU= |y=vDt |R} Qxt=vQ@ ji= O}vm ZQi "OwW|t s=Hv= |QDWt
'|R} Qxt=vQ@ ji= |=OD@= QO "CU= xOW R=Qi= T pw] x@l} Qy xrY=ir=|w=UDt |v=tR
p=tDL= `} RwD |=Q=O xm CU= � s=v x@ xDUUo |iO=YD Q}eDt l} xQwO Qy |=[=kD
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"""u
=tRs

y|
R}Qx

t=vQ@
|=Q@

|[
=}Q

pOt
l}

|x�
=Q=w

ik = 0 8k =2 fk0; k1; � � � ; km(I)g
%O}vm h} QaD Q} R CQwYx@ =Q 'J(I) = (j(I)n)m(I)

n=0 |xr=@vO 'p=L
J(I) = (j(I)0; j(I)1; � � � ; j(I)m(I)) =

(K � km(I);K � km(I)�1; � � � ;K � k1;K � k0)

pL=Qt |xr=@vO 'Ovm|t XNWt =Q pL=Qt s}kDUt Q}e Qw]x@ xm J(I) |xr=@vO
Qw_vtx@ 1 p=Ft "Ovm|t XNWt =Q pL=Qt O=OaD 'xr=@vO u}= CqtH O=OaD "s}t=v|t

"CU= xOW |L=Q] pL=Qt |xr=@vO h} QaD QDy@ lQO
|=Q@ |UQR=@ KQ] l} I = (1; 0; 0; 1; 0; 1; 1) O}vm ZQi �1 p=Ft
u}= QO OwW|t xO}O 1 pmW QO xm Qw]u=ty "OW=@ |v=tR |xQwO 6 =@ |}xr�Ut
"OwW|t s=Hv= sWW w sQ=yJ w pw= |xQwO |=OD@= QO =y|UQR=@ '|UQR=@ KQ]
h} QaD =Q pL=Qt u=wD@ =D OwW|t xDiQo Q_v QO l} xQ=wty I |xr=@vO |xrtH u} QN;
|xr=@vO Q} R "CU= xOW xO=O u=Wv x}k@ R= Cw=iDt pmW x@ p}rO u}ty x@ w OQm
k = (0; 3; 5; 6) |xr=@vO w I |xr=@vO *l} CqtH s=tDpt=W �I = (1; 1; 1; 1)

I =@ Q_=vDt pL=Qt |xr=@vO "O} Q}o@ Q_v QO =Q I |xr=@vO *l} CqtH T}Ov= pt=W
%O};|t CUO x@ Q} R CQwYx@

J(I) = (6� 6; 6� 5; 6� 3; 6� 0) = (0; 1; 3; 6)

I = |UQR=@ KQ] |=R= x@ OyO|t u=Wv J(I) = (0; 1; 3; 6) |xr=@vO
"CU= xrLQt 4 pt=W |r=tDL= |=} wB |R} Qxt=vQ@ pOt '(1; 0; 0; 1; 0; 1; 1)

swO |xrLQt "CU= xOv=t |k=@ |R} Qxt=vQ@ ji= u=}=B =D xQwO QiY pw= |xrLQt QO
|v=tR swU |xrLQt "CU= xOv=t |R} Qxt=vQ@ ji= u=}=B =D xQwO 1 xm CU= |v=tR
6 sQ=yJ |xrLQt QO w CU= xOv=t |k=@ |R} Qxt=vQ@ ji= u=}=B =D xQwO 3 xm CU=

"CU= xOv=t |k=@ |R} Qxt=vQ@ ji= u=}=B =D xQwO
�sDU}U Cr=L =} Cr=L Q}eDt� swO <RH

u}= QO "OwW|t h} QaD pOt Cr=L Q}eDt u=wva x@ (s; z) 2 S�R� ?DQt GwR
Cr=L |=[i S '�=[=kD� � |iO=YD Q}eDt ẁkw z 'u}W=t C}a[w s 'CQ=@a

"CU= � |iO=YD Q}eDt OQ@ R� w u}W=t
�s}tYD Q}eDt� swU <RH

QO Ovm|t XNWt pw= ẁv &OQ=O OwHw s}tYD Q}eDt ẁv wO Q_v OQwt |xr�Ut QO
=@ xrLQt Qy QO Ovm|tXNWt swO ẁv w OQm|UQR=@ =Q u}W=t O}=@ xQwO s=Om |=OD@=
|xrLQt� |Oa@|UQR=@ u=tR =D �=[=kD Q=Okt w u}W=tC}a[w�Cr=L Q}eDt x@ xHwD
|UQR=@ KQ] Qy 'CQwY u}= QO "OQm =QH= =Q xv=Q}oV}B Cv O}=@ |}xQwO xJ QO �Oa@
I = (ik)Kk=0 O}vm ZQi "CU= pw= ẁv s}tYD |=yQ}eDt R= |y=vDt |}xr=@vO
|xr=@vO J(I) = (j(I)n)m(I)

n=0 w C@=F Oa@ x@ u}= R= w x=wNrO |UQR=@ KQ] l}
's)=n |xrLQt QO "OW=@ |iO=YD |=} wB |R} Qxt=vQ@ pOt QO u; =@ Q_=vDt pL=Qt
CQwYx@ |UQR=@ KQ] u}= x@ xDU@=w swO ẁv C=t}tYD x@ \w@ Qt s}tYD |=[i

"1 p=Ft |UQR=@ KQ] x@ \w@ Qt Q=Owtv "1 pmW

pOt QO 'OwW|t xv=Q}oV}B Cv w |UQR=@ C=}rta hQY xm |v=tR COt 'u}W=t
=@ |iO=YD |=} wB |R} Qxt=vQ@ |x}=B pOt =OD@= Oa@ VN@ QO "CU= xOW ^=Lr
|R=UpOt ?r=k u}= QO Q[=L |xr�Ut TBU 'OwW|t xO=O K}[wD |y=vDt ji=

"OwW|t

xr�Ut |O=yvW}B pOt "3
uDN=U ' ẁ[wt u} QDsyt '|y=vDt ji= =@ |iO=YD |=} wB |R} Qxt=vQ@ |x}=B pOt QO
x]@=Q u}= |=RH= "CU= ?ka x@ wQ |DWoR=@ |x]@=Q l} xm CU= |ov}y@ |xrO=at
T} QD=t '(a) s}tYD Q}eDt (s0 =} s) Cr=L Q}eDt '(n) |xrLQt R= Ov=CQ=@a
|Dkw |rai |xrLQt |xv} Ry w (p(a)) xOW P=ND= a s}tYD xm |Dkw p=kDv= p=tDL=
|rm Qw]x@ "(C(s; a)) CU= xOW P=ND= a s}tYD w CU= s sDU}U Cr=L xm

%CU= xOW xO=O u=Wv 1 |x]@=Q QO x}=B pOt |ov}y@ |xrO=at
Vn(s) = min

a2AfC(s; a) +
X
s02S

Pss0(a)Vn�1(s0)g(8n � 1) (1)

QO =Q pm |xv} Ry \UwDt vn(s) w s}tYD |=[i A 'Cr=L |=[i S u; QO xm
|R} Qxt=vQ@ ji= u=}=B =D xrLQt n w OW=@ s sDU}U Cr=L xm OyO|t u=Wv |]}=QW

[24]"v:(s) = 0 (8s 2 S) OwW|t ZQi w "OW=@ xOv=t|k=@
|R} Qxt=vQ@ ?r=k QO p@k VN@ QO xOW u=}@ |xr�Ut |R=UpOt Qw_vtx@ p=L
h} QaD Q} R CQwYx@ =Q |ov}y@ |xrO=at |=RH= '|y=vDt ji= =@ |iO=YD |=} wB

"s}vm|t
�xrLQt� pw= <RH

xDiQo Q_v QO xrLQt u=wvax@ OwW xDiQo |UQR=@ x@ s}tYD xm u=tR R= x]kv Qy
|R} Qxt=vQ@ ji= u=}=B =D xOv=t|k=@ |=yxQwO O=OaD 'xOW x�=Q= pOt Q=DN=U QO "OwW|t
"CU= xOW xOQw; xt=O= QO u; |x@U=Lt |xwLv xm CU= R=}v OQwt xrLQt Qy QO

|=QH= |=Q@ |}xv} Ro |v=tR |xQwO Qy |=OD@= =t |xr�Ut QO xmu}= x@ xHwD =@
|UQR=@ 'OwW s=Hv=|UQR=@ O}=@ pw= |xQwO |=OD@= QO xmu}= ZQi =@ wCU=y|UQR=@
|xawtHt Qo = TB "CiQo Q_v QO |} wOwO s}tYD Q}eDt l} u=wD|t =Q xQwO Qy QO
2k�1 =@ Q@=Q@ I |=[a= O=OaD 's}yO u=Wv I =@ =Q =y|UQR=@ |=Q@ |vOW |=y?=wH
l} =yu; R= l} Qy x@ w CU= |R} Qxt=vQ@ ji= |=yxQwO O=OaD k u; QO xm CU=
I = (ik)Kk=0 =@ u=wD|t =Q |UQR=@ KQ] Qy 'u}=Q@=v@ "OwW|t xDio |UQR=@ KQ]
'O=O V}=tv CU= 1 =} 0 |xrtH K + 1 R= pmWDt |y=vDt |xr=@vO l} xm

%xm|Qw]x@
I = (i0; i1; : : : ; iK) = (ik)Kk=0; i0 = iK = 1
xDiQo Q_v QO 1 |w=Ut xQ=wty '|R=UpOt QO CrwyU p}rO x@ 'I *QN; |xrtH
C@=F Oa@ x@ u}= R= w x=wNrO |UQR=@ KQ] l} I = (ik)Kk=0 O}vm ZQi "OwW|t
"O} Q}o@ Q_v QO I |xr=@vO *l} CqtH s=tD pt=W I R= |}xr=@vO Q} R =Q �I "OW=@

'|va}
�I = (�ik0 ;�ik1 ; � � � ;�ikm(I)) = (�iki)

m(I)
i=0

'u; QO xm
�iki = 1 8i 2 f0; 1; � � � ;m(I)g
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QW
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Q}Ot

w`}
=vY

|U
Ovyt |xQwO l |UQR=@ wO u}@ |xrY=i w OW=@ z =[=kD w s C}a[w QO u}W=t |rai

xm 'OwW =QH= xv=Q}oV}B Cv =yu; s)=a |xQwO QO OwW xDiQo s}tYD w OW=@ |v=tR
\@=wQ R= �Cl(s; z; a) |x@U=Lt |=Q@ "a = 0; : : : ; l w l = 1; : : : ;K u; QO
l} w QiY u}@ |OOa w p} RvD ?} Q[ � '8�6 \@=wQ QO "OwW|t xO=iDU= '8�6
|xQwO l} QO O}rwD |=Q@ |ak=w u=tR ?}DQD x@ TA2(s; b) w TA1(s; b) &CU=
|=OD@= QO xm |DQwY QO OvDUy u; |=QH= sOa w |UQR=@ |=QH= CQwY QO |v=tR
w OwW P=ND= xv=Q}oV}B Cv XwYN QO b s}tYD w OW=@ s Cr=L QO u}W=t xQwO

%OvwW|t x@U=Lt Q} R CQwYx@
TA1(s; b) = T � tins � btpm(s); b 2 f0; 1g

TA2(s; b) = T � btpm(s); b 2 f0; 1g
u}W=t xQwO |=OD@= QO xm |DQwY QO CU= xQwO l} QO u}W=t O}rwD MQv r(s; b)
Q} R CQwYx@ w OwW P=ND= xv=Q}oV}B Cv XwYN QO b s}tYD w OW=@ sCr=L QO

%OwW|t x@U=Lt

r(s; b) =

8<:r(s) b = 0
r(0) b = 1

%OwW|t h} QaD Q} R CQwYx@ xm CU= Qou=Wv `@=D l} '�h
�h : fh; � � � ;Kg ! f0; 1g

�h(l) =

8<:0 l = h

1 l � h+ 1
'OW=@ C@Ft RDv=QB pN=O Qo = xm CU=vat u=O@ RDv=QB |q=@ + *Ctqa CQ=@a l} QO w
CQ=@a u; CQwY u}= Q}e QO w CU= Q@=Q@ RDv=QB pN=O Q=Okt =@ CQ=@a u; Q=Okt

"OQ}o|t QiY Q=Okt
xm Ovm|t x@U=Lt |]}=QW QO =Q |r=wDt |UQR=@ wO u}@ |xv} Ry '6 |x]@=Q
Cv w 'l |UQR=@ wO u}@ |xrY=i 'z =[=kD 's C}a[w QO u}W=t |rai |UQR=@ QO

"OwWv =QH= xrY=i u}= QO xv=Q}oV}B
�Cl(s; z; 0) =

cins + h(z � TA1(s; 0)r(s; 0))+

+�1(l)
l�1X
w=1

�w
NX
s0=0

(P0w)s;s0
X
�2R�

g�(�)h(� � TA2(s0; 0)r(s0; 0))+

(l 2 f1; � � � ;Kg ; s 2 S; z 2 R�) (6)

"CU= xOW xO=O K}[wD 1 pwOH QO x]@=Q u}= |=RH=
u}W=t |rai |UQR=@ QO xm Ovm|t x@U=Lt |]}=QW QO =Q xv} Ry u}= '7 |x]@=Q
pw= |xQwO QO xv=Q}oV}B Cv w l |UQR=@ wO u}@ |xrY=i 'z =[=kD 's C}a[w QO

"OwW =QH= |UQR=@ wO u}@ |xrY=i
�Cl(s; z; 1) =

cins + cpm(s) + h(z � TA1(s; 1)r(s; 1))+

+�1(l)
l�1X
w=1

�w
NX
s0=0

(P1P0w�1)s;s0
X
�2R�

s}tYD lI;n = j(I)n � j(I)n�1 u; QO xm CU= A = f0; 1; : : : ; lI;ng
xDiQo xv=Q}oV}B Cv |=QH= x@ s}tYD '|UQR=@ |=QH= R= Oa@ xm CU=vat u=O@ QiY
|UQR=@ w |rai |UQR=@ u}@ xQwO u}t)=a QO xm CU=vat u=O@ a 2 A s}tYD &OwWv

"OwW =QH= xv=Q}oV}B Cv '|Oa@
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ji= |=OD@= QO sDU}U Cr=L x@ xv}y@ |UQR=@ KQ] u}=Q@=v@ "CU= xOW XNWt
QO =yv; R= l} Qy =@ Q_=vDt pm |xv} Ry \UwDt Q=Okt xm 'CU= xDU@=w |R} Qxt=vQ@
'OyO|t u=Wv G}=Dv xwqa x@ "CU= xOW xYqN 7 pwOH QO |R} Qxt=vQ@ ji= |=OD@=
|va} "CU= |rwRv=v z w s x@ C@Uv 'pm |xv} Ry \UwDt '|UQR=@ KQ] Qy |=R= x@
|QDO@ C}a[w QO u}W=t =} OW=@ QDW}@ =[=kD xJ Qy |R} Qxt=vQ@ ji= |=OD@= QO

"OwW|t QDW}@ =} Ov=t|t C@=F pm |xv} Ry \UwDt 'OW=@ xDW=O Q=Qk
xDU@=w |UQR=@ |x_Lr QO sDU}U Cr=L x@ xv=Q}oV}B Cv |xv}y@ C=t}tYD
xJu=vJ 'OwW|t xOy=Wt xm Qw]u=ty "CU= xOW xO=O u=Wv 8 pwOH QO xm CU=
|=yCr=L R= |m} sDU}U Cr=L �pw= |UQR=@ u=tR� |R} Qxt=vQ@ ji= |=OD@= QO
w CU= xv}y@ I11 |UQR=@ KQ] 'OW=@ 6 pwOH O}iU nvQ =@ xOW XNWt
Cr=L x@ xDU@=w 5 w 3 w 1 |=yxQwO |=OD@= QO xv=Q}oV}B Cv |=Q@ xv}y@ s}tYD
'OW=@ (0; 500) pw= |UQR=@ QO sDU}U Cr=L Qo = ,qFt "OwW|t P=ND= sDU}U
u}twO QO O}=@ xv=Q}oV}B Cv xm CU=vat u=O@ u}= w CU= xv}y@ a = 2 s}tYD
'�swO |xQwO� OQ}o|t Q=Qk swO w pw= |UQR=@ u=tR u}@ xm |}=yxQwO R= xQwO
sDU}U Qo = p=Ft Qw]x@ 's}O}UQ swU |xQwO |=OD@= x@ |Dkw TBU "OwW =QH=
|=vat x@ xm CU= xv}y@ a = 1 s}tYD 'CW=O Q=Qk (3; 700) Cr=L QO
|x_Lr QO xmu}= ZQi =@ u; R= Oa@ "CU= xQwO u=ty QO xv=Q}oV}B Cv |=QH=
'OW=@ (1; 300) Cr=L QO sDU}U sHvB |xQwO |=OD@= QO |va} |Oa@ |UQR=@
R= xQwO u}twO QO xv=Q}oV}B Cv |=QH= |=vat x@ xm CU= xv}y@ a = 2 s}tYD
"�sWW |xQwO� OQ}o|t Q=Qk sQ=yJ w swU |UQR=@ u=tR u}@ xm CU= |}=yxQwO
6 pwOH QO xm sDU}U R= |}=yCr=L w I23 |UQR=@ KQ] |=Q@ |y@=Wt OvwQ
GQOvt |OOa G}=Dv xwqax@ "OQ=O OwHw CU= xOW XNWt |QDUm =N nvQ =@
z w s x@ C@Uv xv=Q}oV}B Cv |xv}y@ C=t}tYD 'OyO|t u=Wv 8 pwOH QO
QO u}W=t =} OW=@ QDW}@ =[=kD xJ Qy '|UQR=@ u=tR QO |va} "CU= |OwaY=v
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"cins = 0 w tins = 0 'tpm = 0 ZQi =@ |O=yvW}B pOt pL R= pY=L pm |xv} Ry w xv}y@ ?=wH "9 pwOH
QO Cv |xv}y@ C=t}tYD xv}y@ |UQR=@ KQ] pm |xv} Ry

s

|UQR=@ |xQwO Qy
z z z

700 500 300 200 700 500 300 200 700 500 300 200
0 0 0 0

I32 = (1; 1; 1; 1; 1; 1; 1)

2012 1512 1512 1512 0
1 1 0 0 2312 1812 1736 1736 1
1 1 1 0 2512 2012 2012 1847 2
1 1 1 1 2812 2312 2312 2312 3
1 1 1 1 3112 2612 2612 2612 4

"OwW wv u}W=t l} pFt u}W=t 'xv=Q}oV}B Cv |=QH= R= Oa@ OwW|t ZQi w
K} QWD pOt |=RH= w u=}@ |iO=YD |=} wB |R} Qxt=vQ@ |x}=B pOt 'xr=kt u}= QO
C}a[w w OvDUy s}tYD Q}eDt =y|UQR=@ pOt u}= QO xmu}= x@ xHwD =@ "CU= xOW
'OwW|t Q=mW; |UQR=@ R= Oa@ \ki sDU}U Cr=L Q}eDt Q=Okt xH}Dv QO w u}W=t
KQ] Qy |=R= x@ "OQ=O OwHw |ov}y@ |xrO=at l} |UQR=@ KQ] Qy |=R=x@ TB
xQ}NP G}=Dv w OwW|t pL |ov}y@ |xrO=at 'C@=F Oa@ x@ u}= R= w x=wNrO |UQR=@
x@ xDU@=w |xv=Q}oV}B Cv |=QH= |=Q@ xv}y@ |=yu=tR pt=W G}=Dv u}= "OwW|t
Q=QmD umtt |UQR=@ |=yKQ] |xty |=Q@ Q=m u}= "CU= ZwQit *|UQR=@ KQ]
u; R= Oa@ "OwW|t u}}aD xv}y@ |UQR=@ KQ] w xU}=kt sy =@ G}=Dv w OwW|t
KQ] T=U= Q@ w |R} Qxt=vQ@ ji= R=e; QO sDU}U Cr=L x@ xHwD =@ '=QH= Qw_vtx@
QO xOW XNWt |=yu=tR =@ j@=]t |va} &OwW|t pta \w@ Qt |xv}y@ |UQR=@
xv=Q}oV}B Cv '|UQR=@ |xH}Dv x@ xHwD =@ w OQ}o|t CQwY |UQR=@ KQ] u}=
xOW p}rLD w x} RHD |O=yvW}B pOt OQ@y=Q QN; QO "OwW|t =QH= QQkt u=tR QO
u}W=t C}a[w w =[=kD x@ C@Uv pm |xv} Ry ,qw= xm O=O u=Wv G}=Dv "CU=
QO u}W=t =} OW=@ QDW}@ =[=kD xJ Qy '|UQR=@ u=tR QO ,=}v=F &CU= |rwRvQ}e
=QH= QDOwR =} x@=Wt |v=tR QO O}=@ xv=Q}oV}B Cv 'OW=@ xDW=O Q=Qk |QDO@ C}a[w

u; C}a[w Ow@y@ |=DU=Q QO |D=Q}taD C}r=ai I}y |Q=OQ@xQy@ pw] QO w OwQ|t
\}=QW Q@|vD@t C=Q}taD w |Q=Oyov OQm} wQ R= |O=yvW}B pOt QO "OQ}o|tv CQwY
"CU= xOW xO=iDU= 'CU= s}tYD Q}eDt |UQR=@ u=tR xm xDUUo |=y|UQR=@ =@
OwW|t u}}aD sDU}U Cr=L uOW XNWt w |UQR=@ R= Oa@ xv=Q}oV}B Cv u=tR
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u}vJty "OW=@ pOt u}= x@ |t=eO= O}rwD |R} Qxt=vQ@ C=t}tYD Q}=U uOQm xi=[=
u=tRsy |R} Qxt=vQ@ Qw_vtx@ |}=ypOt |xaUwD |=Q@ =Q xOW x�=Q= OQ@y=Q u=wD|t
xO=iDU= |ak=w O}rwD |=y\}Lt QO O}rwD |Ov@u=tR w xv=Q}oV}B Cv '|UQR=@

"OQm

*OQ@y=Q 'OW=@ xDW=O xv} Ry =y|UQR=@ Qo = x}=B pOt =@ xU}=kt QO u}vJty "OwW
|UQR=@ OL=w Qy |xv} Ry xR=Ov= Qy w OwW|tv |ov}y@ x@ QHvt 'xQwO Qy QO |UQR=@
|O=yvW}B pOt R= xOt; CUO x@ pm |xv} Ry u}ov=}t QO Ow@y@ u=R}t 'OW=@ QDW}@
QO =y|UQR=@ u; QO xm x}=B pOt R= xOt; CUO x@ pm |xv} Ry u}ov=}t x@ C@Uv
w =y|UQR=@ u=tRsy |R} Qxt=vQ@ C}ty= xm OwW|t QDW}@ 'OwW|t =QH= xQwO Qy

=yCWwv=B
1. time-based maintenance (TBM)
2. condition-based maintenance(CBM)
3. corrective repair (CR)
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