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=@ C=i=QLv= ẁkw "OvDUy Ov}=Qi |=Q@ OQmrta pw@k p@=k Q}e K]U Qou=}@ ,qwtat w
xm CU= ?wr]t=v C}i}m K]U =@ sqk= O}rwD w Xk=v O}rwD Ov}=Qi |vat x@ p}rO
Q=Okt u}}aD |xr�Ut QO pt=m O}rwD ZQi 'u}=Q@=v@ "OwW|t =yxv} Ry V}=Ri= x@ QHvt
O}rwD u=R}t |UQQ@ x@ |Q=}U@ C=k}kLD "OyO|tv |}|k]vt ?=wH |O=YDk= O}rwD
R= TB |UQR=@ hrDNt |=yVwQ |xQ=@ QO w xDN=OQB 'CU= Xk=v Ov}=Qi xm |v=tR
|=yxv} Ry Vy=m |=Q@ xm CU= u}= xHwD p@=k |xDmv "Ov=xO=O x�=Q= |}=ypOt O}rwD

pw�Ut xOvU} wv �
"1398 7 7 VQ}PB '1398 6 9 x}LqY= '1398 2 21 Ci=} QO %M} Q=D

DOI:10.24200/J65.20190.53367.1991



"""O
}rwD

Q=Ok
t|

xJQ
=Bm}

|xr
�Ut

pL
w|

R=Up
OtQ_v QO w Xk=v O}rwD Ov}=Qi =@ u}W=t l} w pwYLtOvJ |O=YDk= O}rwD |xr�Ut

u}}aD u=oOvU} wv hOy "Ov=xDN=OQB |Q=mxQ=@ wO |=Q@ u}W=t C=t}_vD u=tR uDiQo
"OwW xv}tm pm |xv} Ry xm|}xvwox@CU= xQwO Qy QO Ow@tm Q=Okt w O}rwD u=tR |xv}y@
|Q=}U@ OQ@ Q=m |Q=t; C}i}m pQDvm |=yQ=R@= 'C}i}m ẁ[wt x@ \w@ Qt |xv}W}B QO
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uwO@ Cr=L u} QDxO=U QO |O=YDk= O}rwD |xr�Ut w CU= R=HtQ}e Ow@tm u}vJty

%CU= Q} R CQwYx@ xr�Ut C=}[Qi "CU= xOW xOQ@ Q=mx@ C}OwOLt xvwoI}y
=D u=tR COt 'u}=Q@=v@ &Ovm|t |wQ}B uwU=wB `} RwD R= p}rO =@ C=i=QLv= ẁkw ��
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F (wj�1)+

�h
mbX
j=1

�F (wj)
mbX

i=j+1
�i�j�1 (13)

w OwW|t s=Hv= O}rwD xm C}i}m |xQwO R= |v=tR COt Q=_Dv= OQwt u=tR u}vJty
%=@ CU= Q@=Q@ 'CU= V}=Ri= x@ wQ |OwHwt

E(t2) = h
mX

j=mb+1
F (wj�1)+

�h
m�1X

j=mb+1
�F (wj)

mX
i=j+1
j�mb

�i�j�1 (14)

|O=YDk= O}rwD |=yxv} Ry "1"3"3
%=@ CU= Q@=Q@ w CU= C@=F Q=Okt l} xQwO Qy QO C=t}_vD |xv} Ry

C0 (1)

Q@=Q@ Ow@tm =@ x=Qty |O=YDk= O}rwD Q=Okt pOt QO xQwO Qy QO |Q=Oyov |xv} Ry
%=@ CU=

H = Ch
(Q(1�D/P )� b)2

2Q(1� D
P )

:T (2)

%1 pmW x@ xHwD =@
Q = TP :P (3)

Q = D:T (4)

B = (P �D)t1 (5)

%xH}Dv QO
H =

(TP :P (1� D
P )� (P �D):t1)

2

2TP :P:D(1� D
P )

:Ch:TP :P (6)

%=@ CU= Q@=Q@ xQwO Qy QO |Q=Oyov |xv} Ry Q=_Dv= OQwt Q=Okt 'u}=Q@=v@
E(H) =

(E(TP ):P (1� D
P )� (P �D):E(t1))

2

2E(TP ):P:D(1� D
P )

:Ch:E(TP ):P (7)

%=@ CU= Q@=Q@ Ow@tm =@ x=Qty |O=YDk= O}rwD Q=Okt pOt QO Ow@tm |xv} Ry
B = �b+ b�: b2

2Q(1� D
P )
:T (8)

B = �(P �D)t1 + ((P �D)t1)2

2TP :P:D(1� D
P )
:b�:TP :P (9)

%=@ CU= Q@=Q@ Ow@tm Q=_Dv= OQwt |xv} Ry w
E(B) =

�(P �D)E(t1) + ((P �D)E(t1))2

2E(TP ):P:D(1� D
P )
:b�:E(TP ):P (10)

C}i}m Q=_Dv= OQwt |xv} Ry "2"3"3
%=@ CU= Q@=Q@ xQwO Qy QO C}i}m |xv} Ry

E(C) =

[(D0 �D1)
wmZ
0
xf(x)dx+

(D1 �D0)
m�1X
j=1

wj�F (wj)]+

[D0h
mX
j=1

jF (wj�1)] + [�Y
m�1X
j=1

F (wj)]

+D1�h(
m�1X
j=1

j�F (wj)
mX

i=j+1
�i�j�1)] + [W ] + [(a+ bn)(1+

m�2X
j=1

F (wj) + �
m�2X
j=1
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Q=Owtv |L=Q] w |O=YDk= O}rwD Q=Okt u}}aD |xJQ=Bm} pOt R= xQwO l} "1 pmW
"|rQDvm

|rai |=yx}=Uty u}@ R= =Q ?=wH u} QDy@ w Ovm|t CmQL x@ ẁQW x}rw= ?=wH
x@ OW=@ xDW=Ov Q=Qk ẁvtt CUQyi QO ?=wH u}= xm|DQwY QO "Ovm|t ?=NDv=
'OW=@ ẁvtt CUQyi QO |o}=Uty ?=wH u} QDy@ xJu=vJ "Ovm|t CmQL u; CtU
"Ovm|t CmQL u; CtU x@ OW=@ QDy@ xOW xDi=} ?=wH u} QDy@ R= xm|DQwY QO
x@ O}OH |=yCmQL w OvwW|t GQ=N CUQyi R= |DOt R= TB ẁvtt |=yCmQL
ẁvtt CUQyi x@ =y?=wH GwQN w OwQw |xwLv '`k=w QO "OwW|t xi=[= CUQyi

|=Q@ '?=wH |=[i uOw@ \rDNt x@ xHwD =@ j}kLD u}= QO "CU= FIFO CQwYx@
u} QDy@CtU x@CmQL w x}=Uty O}rwD |=Q@ ẁvtt |wHwCUH sD} Qwor= R= xO=iDU=
�|iO=YD CQwYx@� uOQm sm =} uOQm xi=[= w Q}eDt l} |iO=YD ?=NDv= 'x}=Uty
|=Q@ xm [32]|Q=}U Q=m x@=Wt &CU= xOW xO=iDU= (�1; 1) |xR=@ R= |iO=YD Q=Okt
?=wH =yu; RmQt xm xDiQo Q_v QO =Q |}=yxQm ?=wH |=[i uoty |wHwCUH
|=yG=D x@ |Q=}U j}kLD QO ?=wH |=[i 'u}=Q@=v@ "CU= hi |=y`=aW =@ |rai

"OwW|t p}O@D 'Ovvm|t |wQ}B Q} R |x]@=Q R= xm 6Ci

Ci(s; hi�1; h) = fs0 jhi�1 �
s0 � sk � hig (23)

|=[i 'xQm uDiQo Q_v QO |=Hx@ xm [33]u=Q=mty w |Q=}U Q=m x@=Wt u}vJty
QO xO=iDU= OQwt sD} Qwor= 'Ov=xDiQo Q_v QO 7|}=yp}]DUt=Qi CQwYx@ =Q |o}=Uty
'(�1; 1) |xR=@ QO ?=wH Qy |o}=Uty QO xm CU= CQwY u}=x@ Q[=L VywSB
|vOW ?=wH l} 'CU= xOW s}UkD |w=Ut CtUk �=yx}=Uty O=OaD� NN x@ xm
Q=QmD Qy QO w OwW|t x@U=Lt u; |=Q@ hOy `@=D Q=Okt w ?=NDv= |iO=YD CQwYx@
CU= |U} QD=t xO=iDU= OQwt ẁvttCUQyi?}DQD u}O@ "OwW|t O}rwD x}=Uty NN

(�1; 1) |xrY=i QO xm CU= |}=yxR=@ u; |=yuwDU w =yQ}eDt u; |=yQ]U xm
|o}=Uty QO QDy@ ?=wH x@ |rai ?=wH R= 8 �CmQL� Q=QmD Qy QO "Ov=xOW O=H}=
|k=@ ẁvtt CUQyi QO Q=QmD u}at O=OaD =D w OwW|t xQ}NP ẁvtt CUQyi QO
"OwW|t O=H}= |iO=YD CQwYx@ xO=iDU= OQwt |x}rw= ?=wH xm OwW xHwD "Ov=t|t

|OOa G}=Dv "4
w xO=iDU= OQwt |Q=mD@==Qi sD} Qwor= |=yQDt=Q=B ?U=vt ?}mQD uOQw; CUO x@ |=Q@
xO=iDU= QDt=Q=B s}_vD VwQ R= j}kLD u}= QO xOW |iQat pOt QO QDy@ G}=Dv O}rwD
w sD} Qwor= =@ \@DQt |=yQDt=Q=B Q}}eD =@ xm CU= CQwY u}= x@ Q=m VwQ "CU= xOW

C}i}m |xQwO Q=_Dv= OQwt pm u=tR xv=Q}oV}B C=t=Ok= =} Q}taD u=tR uOQm xi=[= =@
%=@ CU= Q@=Q@

E(Tq) = tr + E(t1) + E(t2) (15)

pOt "4"3"3
R= l} Qy `tH pY=L =@ Q@=Q@ xQwO Qy QO Q=_Dv= OQwt pm |xv} Ry =} hOy `@=D
OQwt |xv} Ry 'u}=Q@=v@ &CU= 2"3"3 w 1"3"3 |=yVN@ QO xOW h} QaD |=yxv} Ry

%OwW|t h} QaD Q} R CQwYx@ pm Q=_Dv=
ETC = C0 + E(H) + E(B) + E(C)

E(T )
(16)

%xm s}v=O|t |O=YDk= O}rwD l}Uqm pOt R=
T = Tp � P=D (17)

OQwt pm |xv} Ry '=yxv} Ry R= l} Qy QO 17 |x]@=Q swO CtU ?Q[ =@ 'u}=Q@=v@
%=@ CU= Q@=Q@ Q=_Dv=

ETC = (18)

D
P C0 + 1

2 (P �D)E((TP � t1)2)Ch
+ 1

2 (P �D)E(t21)bp+ E(TP )p(P �D)E(t1)
+E(C)DP

E(TP )

|xv}W}@ \UwD |r=eW= |=[i xm CU= u}= Qou=}@ Q=@v= |=[i C}OwOLt
OwW QDW}@ TQDUO QO |=[i QFm =OL R= O}=@v wQy=Q |=[i |xwqax@ |OwHwt
O}rwD x@ Ow@tm C@Uv xm CU= u}= Qou=}@ CtON K]U C}OwOLt w �21 |x]@=Q�

"OwW|t pY=L 19 |x]@=Q R= xm OW=@ QDW}@ pw@k p@=k |vt}= ?} Q[ R= O}=@v
B
TD
� " (19)

%1 pmW x@ xHwD =@
T = TPP

D
(20)

%CU= Q} R CQwYx@ xJQ=Bm} pOt
Minz = ETC

S:t

�Im(1 + �) � Sm (21)

B
TPP

� " (22)

ẁvtt |wHwCUH sD} Qwor= pL VwQ "4"3
pL QO OQ@ Q=m QB |Q=mD@==Qi |=ysD} Qwor= xrtH R= ẁvtt |wHwCUH sD} Qwor=
u} QDsyt R= |m} w CU= xOW |iQat [31]Qwwro \UwD xm CU= |R=Uxv}y@ p�=Ut
lU} Q Vy=m w |rLt |xv}y@ |=y?=wH x@ uOW =Qoty R= |Q}owrH u; |=yC} Rt
l} R= xm CU= CQwY u}= x@ sD} Qwor= u}= Q=mwR=U "CU= ?U=vt=v |=yQ}Ut
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QW
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Q}Ot

w`}
=vY

|U
Ovyt

" b=QC@Uv "2 pmW

"C}i}m |xv} Ry C=Q}}eD |xH}Dv "3 pmW

C}i}m |xv} Ry QF= 'CU= Q@=Q@ ,=@} QkD QwmPt |xv} Ry wO C=Q}}eD |xR=@ xmu}= w
CUQO=v Q=OWy |xv} Ry R= QDW}@ Q=}U@ 'CU= pQDvm R= GQ=N Ov}=Qi xm |v=tR
uOW xO=O u=Wv pQDvm R= GQ=N p=tDL= CUQO=v Q=OWy Qy xm s}v=O|t "CU=
ẁv |=]N� CU= pQDvm CLD Ov}=Qi xm |DQwY QO |rQDvm Q=Owtv \UwD Ov}=Qi

p=ta= sDU}U x@ |v=tR pQDvm R= GQ=N C}i}m |xv} Ry |iQ] R= "OW=@|t '�l}
CU= xO=Ov |Q=OWy |rQDvm Q=Owtv =t= 'OW=@ pQDvm R= GQ=N Ov}=Qi xm OwW|t
l} ẁv |=]N R= QDW}@ wO ẁv |=]N |xv} Ry QF= 'u}=Q@=v@ "�wO ẁv |=]N�
QDy@ 'OW=@ u=Um} ,=@} QkD QwmPt |=yxv} Ry OQw;Q@ xJv=vJ |ak=w \}=QW QO "CU=
xHwD p@=k CUQO=v |=yQ=OWy O=OaD Qo = |DL 'OwW |UQQ@ =yQ=OWy s=tD CU=

"OW=@

|Q}oxH}Dv "5
sqk= '|Q=mxQ=@ wO |=yxv} Ry xrtH R= '?w}at sqk= O}rwD p}rO x@ =yxv} Ry V}=Ri=
C}=[Q Vy=m w Q=@Da= uO=O CUO R= |xv} Ry Qo}O hQ] R= w """ w |DWoR=@
=@ u=wD|t "OvDUy xH=wt u; =@ |O}rwD `}=vY xm CU= |DqmWt R= |QDWt
'CU= u; |xv}y@ |L=Q] p=@vO x@ j}kLD u}= pOt xm |rQDvm Q=Owtv R= xO=iDU=
w Vy=m =Q =yxv} Ry w OQw; CUO x@ Ov}=Qi |}=Q=m Ow@y@ |=Q@ |O}it C=aq]=
|xr�Ut |UQQ@x@ xDWPo |=yp=U QO |Q=}U@ u=kkLt "O=O V}=Ri= =Q =yQ=m xOR=@
?wr]t=v C}i}m K]U =@ =} Xk=v |q=m O}rwD uDiQo Q_v QO =@ |O=YDk= O}rwD

" ẁvtt |wHwCUH sD} Qwor= QDt=Q=B s}_vD |xv}y@ Q}O=kt "2 pwOH
�541 31 b3 4 Lim

�78 045 b4 10 NN

13 428 b5 4431 3 b1
82 592 b6 �965 76 b2

xO=iDU= =@ pOt |YNWt C=aiO O=OaD x@ pOt =@ \@DQt |=yQDt=Q=B uDW=O xov C@=F
|x]@=Q wO xHQO |]NQ}e uw}UQoQ `@=D R= xO=iDU= =@ "OwW|t =QH= ?rDt Q=Ri=sQv R=
|=ysD} Qwor= =@ \@DQt |=yQDt=Q=B hrDNt Q}O=kt w Q=_Dv= OQwt pm |xv} Ry u}@
'|R=Uxv}y@ w Rto Q=Ri=sQv R= xO=iDU= =@ TBU "CU= xOW pY=L xO=iDU= OQwt
|wHwCUH sD} Qwor= =@ \@DQt |=yQDt=Q=B "Ov=xOW u}}aD =yQDt=Q=B Q}O=kt u} QDy@
ẁvtt CUQyi QO ?=wH l} xm |}=yQ=QmD O=OaD w NN x}=Uty O=OaD pt=W ẁvtt

|wHwCUH sD} Qwor= =@ \@DQt |]NQ}e uw}UQoQ `@=D "OvDUy Lim Ov=t|t |k=@
%CU= Q} R CQwYx@ ẁvtt

Z = b1 + b2Lim+ b3NN + b4Lim2 + b5NN 2

+b6Lim:NN (24)

hOy `@=D =@ ẁvtt |wHwCUH sD} Qwor= QDt=Q=B s}_vD =@ \@DQt |R=Uxv}y@ pOt
"OwW|t xv}tm Q} R |=yC}OwOLt x@ xHwD =@ 24 |x]@=Q

2 � Lim � 5 (25)

4 � NN � 10 (26)

C}OwOLt wO x@ xHwD =@ w �2 pwOH� =yQDt=Q=B x@ \w@ Qt |xv}y@ Q}O=kt x@ xHwD =@
|=Q@ hrDNt Q}O=kt uDiQo Q_v QO =@ CU= xOW |aU CtON K]U w Q=@v= |=[i
O}rwD Q=Okt |xv}y@ Q}O=kt CtON K]U pk=OL w Q=@v= |=[i |xv}W}@ |=yQDt=Q=B
=yp=Ft u}= O}rwD |=Q@ "OwW x@U=Lt Q=_Dv= OQwt pm |xv} Ry u}vJty w Ow@tm w
|=yxR=@ QO ?}DQD x@ " w Sm '�̂ 'Ch 'P 'D ' D1 'Y |=yQDt=Q=B Q}O=kt
'�0 1�0 9� '�1500�2000� �1600�2100� '�550�950� '�500�700�
T=U= Q@ Q}O=kt u}= ?=NDv="Ov=xOQm Q}}eD �0 05�0 1� w �50�200� '�0 5�2�
G}=Dv x@ xHwD =@ "CU= [29]u=Q=mty w uB w [30]u=Q=mty w =}v T=trU C=k}kLD
|x]@=Q pY=L ẁvtt |wHwCUH sD} Qwor= R= xO=iDU= =@ pOt pL R= pY=L
xm CU= u}= xOvyOu=Wv xm CU= �2 pmW� �0 002�0 04� |xR=@ QO b=Q
Ow@tm u}t-=D x@ =Q O}rwD Q=Okt pm R= |OYQO xJ pm |xv} Ry Vy=m hOy =@ pOt
Q_vx@ xOW QmP C@Uv |=Q@ xOt; CUO x@ |xR=@ x@ xHwD =@ w OyO|t X=YDN=
Q_vx@ 'xH}Dv u}= x@ xHwD =@ "CU= Ow@tm u=R}t Vy=m p=@vO x@ pOt OUQ|t
C}OwOLt xm |}=H =D QDW}@ |OwHwt |Q=Oyov w Ow@tm u=R}t Vy=m xm OUQ|t
"CU= QDQF-wt OwU V}=Ri= xH}Dv QO w =yxv} Ry Vy=m QO OyO|t xR=H= Q=@v= |=[i
|x}rw= ?=wH w =yQDt=Q=B Q}=U uDW=Oxov C@=F w Q=@v= C}iQ_ |xv}W}@ V}=Ri= =@
w V}=Ri= R}v xv} Ry w O}rwD |xv}y@ Q=Okt w |OwHwt |xv}W}@ ' ẁQW |=Q@ u=Um}
uDW=O xov C@=F w CU= pQDvm R= GQ=N Ov}=Qi xm |v=tR C}i}m |xv} Ry Vy=m =@
Vy=m Q=_Dv= OQwt pm |xv} Ry ẁQW |=Q@ u=Um} |x}rw= ?=wH w =yQDt=Q=B Q}=U
xm|v=tR C}i}m |xv} Ry Vy=m u}vJty "OUQ|t Q_vx@ |k]vt xm CU= xDi=}
sy CUQO=v Q=OWy Qy |xv} Ry V}=Ri= =@ u=tRsy CU= pQDvm R= GQ=N Ov}=Qi
2 pmW x@ xHwD =@ "�3 pmW� OyO|t u=Wv =Q pm |xv} Ry QO |Wy=m OvwQ
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"CU=
%xOW x�=Q= pOt |xaUwD w j}kLD VQDUo |=Q@ |}=yO=yvW}B

&|�RH Ci=TB CQwYx@ Ow@tm uDiQo Q_v QO ��
&p}rO =@ h=QLv= l} |=H x@ p}rO =@ h=QLv= OvJ uDiQo Q_v QO ��

&pwYLt l} |=H x@ |rwYLtOvJ O}rwD |xr�Ut uDiQo Q_v QO ��
&Qo}O |=yQDt=Q=B R= l} Qy =} =[=kD Q=Okt QO C}a]k sOa uDiQo Q_v QO ��

CUO x@ |=y?=wH |xU}=kt w |UQQ@ w Qo}O |Q=mD@==Qi |=yVwQ R= xO=iDU= ��
&Q[=L VywSB =@ xOt;

Q_v QO QDlJwm ẁvtt |wHwCUH sD} Qwor= QO |UQQ@ OQwt |xR=@ xJ Qy ��
|D; C=k}kLD |=Q@ p}rO u}tyx@ &OwW|t pY=L |QDj}kO ?=wH 7 OwW xDiQo
Q_v QO (�0=01; 0=1) CQwYx@ '(�1; 1) |=H x@xR=@ xm OwW|t O=yvW}B

&OwW xDiQo
&|O=YDk= O}rwD pOt QO |�RH h}iND w h}iND Ovv=t |D=}[Qi uDiQo Q_v QO ��

"u; QF= |UQQ@ w C=Q}taD w |Q=Oyov hrDNt Kw]U uDiQo Q_v QO ��

C}i}m pQDvm |=ypOt |xaUwD x@ |Q=}U@ u=oOvU} wv Qo}O hQ] R= "Ov=xDN=OQB
R= |tm O=OaD xv=iU-=Dt =t= "Ov=xDN=OQB |Q=t; C}i}m pQDvm |=yQ=R@= R= xO=iDU= =@
w |O=YDk= O}rwD Q=Okt u}}aD |va} 'syt |xr�Ut wO u}= xOW s=Hv= C=k}kLD
|UQQ@ Qo}Om} Q=vm QO =Q '|Q=t; C}i}m pQDvm |=yQ=R@= R= xO=iDU= =@ C}i}m pQDvm
l} |OwHwt w O}rwD |=ysDU}U QO u; ẁkw xm Ow@tm |xr�Ut u}vJty "Ov=xOQm
u}= QO "CU= xOWv xDiQo Q_v QO C=k}kLD u}= QO ,qY= 'CU= G}=Q Q=}U@ j=iD=
QO =@ |rQDvm Q=Owtv |L=Q] w |O=YDk= O}rwD Q=Okt u}}aD |xJQ=Bm} pOt VywSB
QDW}@ xJ Qy uOQm QDl}ORv Qw_vtx@ w CU= xOW xO=O xaUwD Ow@tm uDiQo Q_v
CtON K]U w Q=@v= |=[i C}OwOLt wO |ak=w |=}vO x@ xOW xO=O xaUwD pOt
u}= xm CU= xOw@ p}rO u}= x@ xOW QmP C}OwOLt wO ?=NDv= "OvOW |UQQ@ R}v
"OwW|t xH=wt =yu; =@ xOvvmO}rwD xm Ov=|}=yC}OwOLt u} QDG}=Q R= C}OwOLt wO
ẁvtt |wHwCUH |Q=mD@==Qi sD} Qwor= R= xOW x�=Q= pOt |HvUQ=@Da= Qw_vtx@

|xv}y@ Q}O=kt =OD@= QDy@ xJ Qy |=y?=wH O}rwD |=Q@ u}vJty "CU= xOW xO=iDU=
uw}UQoQ `@=D |xr}Uwx@ QDt=Q=B s}_vD R= xO=iDU= =@ |Q=mD@==Qi sD} Qwor= |=yQDt=Q=B
pOt "CU= xOt; CUO x@ '|R=Uxv}y@ |=Q@ Rto Q=Ri=sQv R= xO=iDU= w |]NQ}e
u}= u=kkLt w u=} wHWv=O |=Q@ |Q_v O}=wi Q@xwqa xr=kt u}= QO xOW xO=O xaUwD
w I}B Ovv=t C=a]k `=wv= O}rwD� \@DQt `}=vY |=Q@ |rta |xO}=i |=Q=O 'xDWQ

=yCWwv=B
1. random causes
2. assignable causes
3. interior penalty function
4. acceptance sampling
5. neutrosophic
6. crowns
7. hyper rectangular
8. movement
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