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\]TUVWXYZLم  ]^ P^P_Q̀ a PQb و cdNLe` c` NLf^Jg IJKLO - NLhQi،fQLj _k ^JZl^ TOTWZm JZnm opKq` rهPkQs Qb TKgQf t^s^Jg kJi_QO YZKu ^ vQwxy zlQdNm ^{ IJKLOMNLLO  

R2R cfQWm ts]V̀ |J}K` ~Z�mQZ` Tfs_ TfQu Ji ،�e` ]^ c[fIJKLO �Vm ~f^ ~fJ\MNLLOc` QbNLhQi{د~f^ _ IJKLOIN` Yf ]^ �jQ� �fQKm ��Kl^ �Qd^ Ji NLf ^Jg Pks_s �ZnL\ �s_ ]^ MNLLO�Zu cxlcLZiMNLLOو NLf^Jg cwy ^s c�sJlدTp�J̀ Jb `cا ،_ MkQ�Kdد }گردد�ZnL\ TLf�b TLZ`] _k �kV�V̀ v�Q�` J�O^ `kNwKه_ PQ �Zb Pks_szd^ MN�m c�}i TmV�، د_c�Qكه اين� 
IJKLO �Vm، iTi �UQTLf�b tǸ a kV�s_k JZZ�\ �Z�y ]^ cfQb �PkV�V̀ TgQ�^ Lf�b J�fk s P_QOهc` QbkVh{  � Q�` ~f^ _kه، TO zd^ MNh �Jx` MNf^ ~f^^NKi ^ 

IJKLO MNmQWZyQi IJKLO PQb_^kVWm ]^ MkQ�Kd^ Qi Tp�J̀ Jb c�sJl 

�IJKLOد گردد و ]^ �_Ql z�Q� kV�s v_Vj _ \NLf ^Jg �ZnLv_Vj گkJZ، Ti Q\�ZnL\ ]^ TpZds ~f^هc��� PQ kNwK` Tp�J̀ Jb _k kkJ� PJZ�Vp�{  

^f~د __k Qi T� Q�`JnmPQbJK` ^_Qu ~KgJدمطرح ایزينهه� s NLf ^Jg �ZnL\ _ MNmQWZyQi ��JKL� _^kVWm، 
IǸ Yf TLZei c�^J� _VnL` Ti PkQ�Ky^ \ Tfs_رc�ZOR2R 

IJKLO _^kVWm szd^ MNh Mk^k TwdV\ MNmQWZyQi{  

   ¡¢£¤¥¦§¨ ¤©ª: 
IJKLOMNLLO R2R، MNmQWZyQi IJKLO _^kVWm،TLZeiP]QdPkQ�Ky ^  

  

١«¬ ®̄ 
 itVLg ]^ MkQ�Kd^ Qک°_Q̀ a zZ�Z� IJKL±R

SPC
S

\t^V\iQ NZO²مي ، Zw�s ~ZZw\ Ps_ ،تZ�\ZIV�}` c�ZO vQ�q�` _k �Z�k Qi v^J k^k �bQO ولي }_^
Yf _k c\^³ v^JZZ�\ cLwf �v^JZZ�\ J�fk �Vm ] MksN}`مQ�Zu �iQy cms �ZnL\ Qi J�fk �J� ]^ s NLK´b cLZi

`cاصلا NLf^Jg _k Jµ¶̀ PQbJZ�K` _k �ta t^V\k^k �bQO ^_ Qb{  MNf^ z�Q� _k ~f^Ji QLiPs_ NZO²\ QeL\ Tm �Ia\Zw�s ~ZZwت iNfQ �NhQi  T[piNLf ^Jg cdNLe` IJKLO Qf s NLf ^Jg �ZnL\ NfQi٢R
EPC
S �Zm kJZ� _^Jy T�V\ k_V̀{c` z�Z�� _kc�ZOJ\ ^_ IJKLO t^V\

                                                                 
  ·¸¹º »¼½¾¿ÀÁ ÂÃ ÁÄ »Å ÂÆÇ٢È/٦/ÈÉÊو٣ 

Ë¹º،و ÌÍÎ¾Ï ÂÐ Ï º ÑÒÓÔÏÕ ÌÂÖÁÄ ¿ÀÁ ÂÃ٢٥/٢/ÈÉÊ٤×Øº ÙÚÛØÁ ·ÀÂÜ¾ ÝÀÞßÃ »Ðà 

  ÍáâÄÞØÁãäÂå½Å ºÁÞ¾ÄÂáØ º ÓæÀ Âå¹ ·ØÚåÜÇ ÙÚçè¾ ºÄ ،دé ȩ̂ ë ÙÂÎè¾ º  يراناصنعت، 

ir.ac.iust@rassoul  ÍáìÄÙÄºÏ êíÂâ îºÁÄºÍÐ ÂïÁ ،ÂáØ ºÁ ÂÀÄÐæÀ Âå¹ ·ØÚåÜÇ ð¼، ·åñ ÙÚçè¾ ºÄ و Ó·ØÚåÜÇ òÁÚÇ ×ÛÐÍÃ ÙÂÎè¾ ºÄ Ãهران ،ir.ac.modares@rkazem  

  

  
1 Statistical Process Control 
2 Engineering Process Control 

]^ Tm ^NL`JLbSPC  وEPC 
z´m^k. MNLLO IJKLOPQbR2RTmVWm �P^ zZ�Qwg ]^óZOJ\ MNf ^ Qi ô�\J̀ PQbEPC و  SPCميNhQi{Yfk�m q�` Ti tNhصMNf^ _^N�` Ti c�ZO õ�b Ia~KgJ� Jnm _k Qi tQ̀ ] _k PkQ�Ky^ �`^VU ي]^ c�ZOJ\ TO c�JKLO NLf ^Jg Y

R2R و c` MNmQWZyQi c�JKLO PQb_^kVWm]^ �NhQiاNbاف 
zd^ T�Q�` ~f^{  iTbk _k _Qi ~Z�s^ P^Jö÷÷øóZOJ\ _kSPC و EPCiهv_Vj N`a �WU Ti cwd �Tù_Qú[f{_k û�VWw`EPC اگر T�q�` �Zm ^VKi NLf ^Jg c�sJl c�ZO �Zu Nwi Tp�J̀ _k ^_O cLZiن�Z، ~ZLüWbTi t^VKi ta tk^k JZZ�\ Qi TO �ZhQi TKh^k Pks_s PQbJZ�K`TmV�P^ sJl JiJi PJµ ^ Tù JZZ�\ _^N�` ~f^ �Zm ^Ni s zh^ý� Jµ ^ NLf ^Jg c�c` NLf ^Jg Ps_kkJ� IQWU ^ þ]� IJKLO t^�Z` ÿfJ� ta ]^ Q\ k_^ý�

`cنآ MQ�Ti ^_ Jnmk_V̀ JZ�K` t^V\TmV�tQ̀ ] _k P^t Qf s k^k JZZ�\ Q\ kVWm �ZnL\mtQ̀ ] _k �jQ� TXZKt+1 
Yfk�m �Nb _^N�` Ti - J\رددگ{TiQ�U]^ MkQ�Kd^ Qi J�fk v_EPC c�sJl _k PJfýuJZZ�\ c` ^_ NLf ^JgzZ�Qwg þQXm ^ Qi t^V\k c�JKLO PQb_�bQO Tp�J̀ Jb

  }داد

EPC wdيNLf^Jg Ji zd^ ~[W` TO �Z�k Qi vQg ^J}m ^ cfQdQLh Jik_^Nm Nm_^ý� Jµ ^
،c` �Z�k Qi vQg ^J}m ^ �ý� c�s�iQy kV�ei Nm ^V\
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 �Tn��`اPNLf^Jg P^JiTiNLhQi TKh^k M^JWb{�b MkQ�Kd^ ~f^JiQLi - �s_ ]^ tQ̀ ]_QLO _k P_Q̀ a PQbEPC، مي

^_ tQ̀ ] ]^ cw�Q�` Nm ^V\ IJKLO PQbQxl P^_^k TO 
��^J̀ ta _k T[Lf ^ Qf s NLK´b �_�iIJKLO �iQy JZ�K` Ps_ Ji c�_�i v^JZZ�\اkQXf گ
zd^ MNfkJ، NLO cfQdQLh{` û�QWK�^ cm Q̀ ] r�Q�` ~f^tQ[P^Ji ciVl PQb zd^ �Z�k Qi vQg^J}m ^ cfQdQLh{  iPQb_^kVWm ]^ tQ̀ �Wb MkQ�Kd^ MNf ^ T� Q�` ~f^ _k J�Ql ~ZWb Ts c�JKLO 

�JKLO Tfs_ي R2R 
zd^ MNfkJ� �Jx`{~f^ tNh �Jx` �ZnL\ TLf�b �bQO �Nb Qi MNf ^NLf ^Jg _k P_sJ�JZ� PQbR2R   و 	Qm TXZKm _kNLf ^Jg tkJO J\ ك

IJKL \s NZ�V 
� Ql N`a_k �f^�g^ c` v_Vj takJZ�{ MNUkVl T�V\ �zZ�ZO TLZ`] _k ~Z��}` ]^ P^ _` IJKLO PQb_^kVWm PkQ�Ky^ c�^J� TLZ`] _k ^J�}L` ^
�عVx TKh^kNm د}^

IQd _ö÷��cdQd^ ]^ c[f ~Zis_ s LZ\JZ� �~fJ\ IǸQbP ا�K´Zd _k ^_ PkQ�KyNmkJO �Jx` zZ�ZO IJKLO PQb
 Qbنآ }[1]

z�Q� tQZi P^Ji cgVO_Q̀ IǸ ]^NLfaJg opKq` PQb MkQ�Kd^mNmkVW{MkJO cwd tQ��}` ]^ c�wicpO IN` Yf Q\ Nm ^ ` _k MNh T� ^_^ IǸ P^Ji[1]جع ر c` Qema tQZ` ]^ TO NLfQWm T� ^_^ - r�^J̀ tQ�� ¶̀ Ti t^V\[2-5] kVWm M_Qh^{ôdV\ MNh T� ^_^ �fQKm TK�� ^ ` Ti tQ��}` ~f^r�J̀ NLmQ[1] MkQd ~Zm ^Vy kV�s þNU zpU Ti i P^Jiهta PJZ�_QO_^k_VlJi P_V�\ �]_^ ]^ JK�Zi ��WU _k Qb NLK´b{  m v_QbVh IJKLO PQb_^kVWmZJnm ]^ ÿ�}` ~fNLù ôdV\ � zd^ MNfkJ� cd_Ji PkQ�Ky^{ ta vQ�Z�}\ óp� ^c` ^_ QbTi t^V\ - �s_ t^VLUMsJ� PkQ�Ky ^ TWZm c�^J� PQbikJO PNL{ r�J̀ _k
[6] 

IJKLO P^Ji TLZei TmVWm M]^Nm ^ TO MNh kQeL�Zuم~Z�mQZ cmQ̀ ] c` �jQ�cd_]Qi �O k^Nw\ TO kkJ�cu ze� ]QZm k_V̀ PQb tkJi Ti Qf s kVh TLZWO �Ql JZZ�\ Yf kV�s TiTLZWO J�fk v_Q�UTLf�b tNh TLZWO cLw` Ti �O cd_]Qi tkVWmzd^ �O PQb{ �s_�` PQbõw�Qx` P^Ji ceiQاPkQ�Ky ر ديگ_k IJKLO PQb_^kVWm
 [9-7]مراجع 

^ MNfkJ� MkQ�Kd^dت{  

 [10,11] راجعم
�Zp}\ s Tf�X\هQP TWZmJ�fk PkQ�Ky^P cgJw` ^_

TZ�h [11]مرجع  }NLLOمي ]^NLù cd_Ji ze� V�_QO zmV̀ P]Qd opKq` c�^J� از c�JKLO _^kVWm−
X 

�`Qh TOP�\ ^JKd^ Pk^Nw\ - c` NLfaJg �ZnL\ PQbc` MkQ�Kd^ �kkJ�NLO{  ^_^ �fQKmئr�J̀ _k MNh T[12] �s_ TO zd^ ~f^ ]^ cOQ�PQb c` �WU ziQµ cm Q̀ ] �j^Vg _k TmVWm Yf �Qd^ Ji TO IJKLONLLO، NLK´Zm TLZei{ c` kQeL�Zu r�J̀ ~f^TpjQg s TmVWm M]^Nm ^ TO NLO TmVWmJb _k NfQi PJZ�T[Lf ^ ~Z´u IQWK�^ �Qd^ Ji cm Q̀ ] rx�`i IJKLO ]^ �_Ql z�Q� _k NLfaJgر ميسkJi\~ZZw گردد{�s_cfQb T̀ QmJi �Z�y ]^w\ _k PkQf] ûQK�´m _^N�` Ti QfVu P�f_ZZ�� M^_ ~ zd^ MNh MkQ�Kd^ TLZei{r�^J̀ _k ~ZLüWb[13-15] يc�^J� Y zd^ MNh T� ^_^ PkQ�Ky ^ c`VWU{�Jx` IN`�r�^J̀ ta _k MNh

TLf�b �`QhTmVWm PQbf�b �IJKLO z}\ z�Q� _k PJZهن�PQbTLf�b ~ZLüWb �IJKLO ]^ �_Ql z�Q� _k 	VZw` NZ�V\PQb c` cbQ�Kh^ PQbJxl m] s NLf ^Jg _k JZZ�\ �pU 
Zq�\NhQi{ r�J̀ _k[16] PkQ�Ky ^ TO MNh �_^��PQb_^kVWm P^Ji z�Q� ~fJ\ Vg ~Kh^k Qi IJKLOTmVWm _k PsQ́ `Qm �j^tQ[`^ PJZ�zd^ Jfýu{
[_�s [17]مرجع  �bQO P^Ji ^_ cfQbmkQeL�Zu cbQ�Kh^ Jxl  zd^ MkJO{ [18]مرجع PkQ�Ky^ c�^J� P^Ji P_Q̀ a �s_ Yf PQb_^kVWmEWMA 

IQd _k s zd^ MkJO �^Ni PQb_^kVWm [19] ، مرجع٢٠٠٠^ PkQ�Ky ^ c�^J� P^Ji ^_ PkJi_QO �s_ YfM 1EWMA 

 
zd^ MkJi _Q[i{  

  

����س»۲ �������®������R2R

` R2Rاصطلاح  Ji cfQ� TiيPs_ Ji c�JKLO vQZpWU Yf TO kkJ�zgJ� þQXm ^ tV[ZpZd PNZ�V\ TKdk[5]{c`VWU _QKlQd Jf] �[h IJKLO YfMNLLOR2R c` tQ�m ^_Nbk{  

�Vmا ~fIJKLOi �Nb ]^ P_sk TLf�b TO cfQbNLf ^Jg P^Ji MNLLOP^J KLO TLf�b s �Qi Tp�J̀ JbرûQK�´m Tp�J̀ Jb P^Ji I  _QZ´i �t^]_^ zd^ ódQL`{  

NLf^Jgك IJKLR2R 
�`Qhود c` þNy Qf Tfs_NhQi{IǸ Yf ^NKi ^

Jiگ_خطي  cmVZdJ �fQ̀ ]a �Qd^cp�y PQbد�` TKgJ� Jnm _kVh{
Pks_s نيا PQbJZ�K` IǸ( )tX sJl PQbJZ�K` Ti )جي_^ )tY ôi_

Nbk{NhQiمي c�sJl Qf s Pks_s ~fNLù P^_^k �K´Zd J�^
، tX  و

tY NLK´Zm tQ́ [f M]^Nm ^ P^_^k ûQ̀ s�� TO NLK´b cfQb_^kJi{  

د
IJKLO _k þNy ~Z`sR2R~ZWq\ Yf م�

þs^N c` NLf^Jg IJKLO s - hQiN{Tiv_Q�Uديگر م 
IN_گTO cmVZdJدTKlQd cf^NKi ^ Tp�J̀ _

 MNش
v_Vj Tiم

JWK´ Tp�J̀ Jb _k s\�ZnLو ٢ iهþQ�Lb گرددمي{ Mk^k �Qd^ Ji �Tp�J̀ ~f^ _kvQZpWU NLf ^Jg zZw�s Ti �Vi J̀ PQb c` _QO Ti þ]� c�JKLOks_{ZL[\ ]^ cUVm Ti Tfs_ ~f^كTO cfQb Ti cK��]Qi ~ZWq\ _k �Ji ~ZdNLe`c` _QOYfk�m NmJiQ\ �zd^ J\ Tp�J̀ Td Tfs_ Tiای kVi IJKLO s IǸ cfQdQLh ��]^Ji �`Qh TOM ôdV\ s ��Qi  ج و�LZ Lم
zd^ MNfkJ� cgJw[20]{  

þQ�LbP]QdTiهi_د IǸv_Vjم
JWK´k^Nw\ Ti P]QZm Tp�JPQbم� PJd _k TO Tüma ��l Ji kQf]zd^ ]QZm k_V̀ cm Q̀ ] PQb،cWmNhQi{ QKlQdNLLO IJKLO cdQd^ _M R2R _kش

�[ 
!

 mMNh Mk^k tQ� zd^{  

  

"�®ق»۳ #�$ %&�� �® '�(# )® _k þNy ~Z�s^TwdV\IJKLO �K´ZdR2R،
IN` Yf TwdV\ Tiگ_ TO zd^ cmVZdJ�iQy PQbJZ�K` ~Zi õxi ^_ cwy ^s v_Vj T�q�` s IJKLOZO PQb�c` tQZi ^_ Ty�U k_V̀ cNLO{~f^ _k Q̀  

                                                                 
1 Exponentially Weighted Moving Average 
2 Tuning 
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  c` �Jg T� Q�`�iQy JZ�K` Yf TO �ZLO q�` Yf s IJKLOهص �f_^k c�ZOR
SISO
±{STO zd^ ~f^ z�Q� ~f^ _k cdQd^ �Jgk_^Nm YZ`QLfk z�Q� NLf ^Jg{Ti ~f^T�q�` TO zd^ cLw` ta Tp�J̀ _k c�ZOtYt )( Pks_s JZ�K` Ti ô�g

1−tX Tp�J̀ P^NKi ^ _k
t
RTp�J̀ PQeKm ^t-1

Sk_^k c�K´i{  

ks_sا J�Pه
��y PQ

jtXj −〉 )1( c�sJl Qfcp�y PQb
jtYj −〉 )1( _Ps

tY  اثرTKh^kNhQi{c` YZ`QLfk ^_ NLf ^Jg�ZfV�{ 
z�Q� _k

SISO  قاين م _كه دTi cxl MkQd IN` Yf MNh �}i T�Qv_Vj zd^ MNh TKgJ� Jnm _k Jf]�  R
۱
S

  ttt XY εβα ++= −1  

 βو αهك
JK` ^_Quه°QIǸ s MkVi

tε ا
vQhQ�K� NZ�dمي ٢NhQi{ 

ه
IǸ _k ~ZLüWR

۱
S

k_^kون فرض يا kVك�PJZl²\ �Zb T~Zi Ps_ ta Jµ^ s c�JKLO zZ�Qwg
tY k_^Nm kV�s{ا NZ�V\ �� Q́ ` _k TK�� zd^ c�xL` �Jg Yf ~f^ vQwxy TK´´�{Tp�J̀ ~f^ _kα وβ iر �s_ �Qd^NLK´b ~ZWq\ �iQy c�pKq` PQb{ا~f^ TO QXma ]

                                                                 
1 Single Input Single Output 
2 White noise 

�s_Ti QbZd�O û�`QO v_VjMNh �}i YNm^،
þsk þNy Ps_ Q̀

R2R c` TKdVZu tkJO t^�Z` s IJKLO cLwfپردازيم{  iهJ�fk v_Q�U،Tfs_ ]^ Jnm �JjIǸ Yf kQXf^ P^Ji TO cfQb Qi_گ_ ~Z�s^ P^Ji TLZei cmVZdJiكهc` _QNms_،cwd þsk þNy _k
`�N^_مي tQWb TO TLZei z�Q� _k tQ[`^ N� Q\ NLf ^Jg kkJا�a MNfI

 kVh P_^Ne�m zd^ c�ZO T�q�`{  

  

)ق»۴ ®�" #�$ ����� ')(& ����ت®( ����%�
^f~د _M]^Nm ^ �Qd^ Ji �þNy�Zu Qi T́ fQ�` s NLf ^Jg c�sJl PJZ� - IN` �Qd^ Ji �cLZi�_cmVZdJو ا dTfs_ ]^ MkQ�K EWMA P^Ji �Zu ]^ �jQ� ��Kl^IǸ  ^N�` ]^ �JU �zZwy ^s s IN` cLZi )cmVZdJگ_ )α iهc` þQ�Lb_k Pks_s t^�Z` J�fk �J� ]^ s kVhNfN� _^N�` �Qd^ Ji Nwi Tp�J̀

ta [21]گرددمشخص مي{  

ئيQجز آنا
YZ`QLfk NLf ^Jg TOz´Zm، 

�Qd^ Ji TLZei IJKLO zZ�Qwg �Nb IV� �m Qf_^s �y^N�T 
IN` P^JiRöS

 ]^ zd^ v_Q�U�  R!S
  

β
α−= T

X t  
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vQZpWc�JKLOR

٢
SsJh ]^ ��y ��K´Zd Ps_ JiعTp�J̀t +1  c` IQWU^گردد{IJKLOMNLLOR2R  فرض ميTfs^] ófJ� TO NLO

βث ^N�` ]^ �JU s ziQα 
zd^ JZ�K` tQ̀ ] Ti z�´m[8]{~f^ _k c�JKLO zZ�Qwg z�Q�Rk Pks_s _^N�` ~ZZw\NfN� Tp�J̀ _S

از  �Zu�dQu _^N�` cLZi 
R

tY
∧Sc` T�dQ}`kVh{  R�S

  
TbXaY ttt =+= −−

∧

11  

b

aT
X t

t

−=  

taك _k T
tlttab /, +

∧∧
== αβ Tfs^] ófJ� ~ZWq\β Tiv_Vj 

يك
v_Vj M_Qi يمkJZ�،c�Q�_k]^ �JU ~ZWq\ TOمTi  ^N�v_Vj 

sم þs^N K��]Qiي Tfs_ ]^ MkQ�Kd^ QiEWMA TiþQXm ^ Jf] v_Vj
kJZ�{  R�Sمي

  11 )1()( −− −+−= tttt abXYa λλ  

ش
�[�

 ~f^ Nms_\�ZnL c` tQ�m ^_ tkJONbk{  

  

۵«����� �& �®®��� �& ��� ��� 	�
� ���®������
EWMA

�رضفNb ]^ vQg ^J}m ^ TO NZLO yt)
SzZw�\ Jf] IN` ]^ NLf ^Jg _k NLO{  R�S

  ttt tXy εδβα +++= −1  

taك _k Tδ ~Z�mQZ` 
Jb _k �Q�K� NhQi{riJ̀مي Tp�Jم^ ~Z�mQZ` c�mQX` PQxl±

NLf^J Qiفاين   zd^ Ji ^Ji�  R
۶
S

  )()( 2
t

t
t yELimyAMSE

∞→
=  

`cا chQm z�Z�� ~f^ ]^ c�mQX` ��xjIJKLO �Vm ~f^ TO kVh - MNLLOTi Qb` _k TZ�s^ ôf^Jh J�Ql�kQw تEWMA 
v^JZZ�\ P^_^k MQ\VOkVh ^N� ta P_^NfQu ôf^Jh ]^ NfQi TO MkVi vN`{Ti T�V\ Qi T�kQw`PQbi��Q Ti TK´i T�p� T�kQw`c` Jf] v_VjkVh[21]�  R

۷
S

  ttt tay εδξα ++−= −1  

taك _k Tb/βξ =  

 iQPQ�°_^ý�Txi ^_ _k JZl^ Txi^_P ��f_^k�  R
۸
S

  1)1()( −−+++= ttt ata λξεδαλ  iIJKLO ~f^ _k �Z´m ^J�fk v�kQw` TUVWX` �� P^J�s_ ]^ MNLLO z�Q� PQ�g٢ kJO MkQ�Kd^ NfQi{z�Q� _^kJi Tiv_Vj ofJw\ Jf]
kVh�  Rمي
۹
S

  ),( 1 taz tt −=′  ic` ofJw\ ~f^ Qv�kQw` t^V\ف�V Ti z�Q� PQ�g _k ^_Jf] v_Vj k^k tQ�m�  R
۱۰
S

  ttt wAzz +=+1  

taك _k T  

                                                                 
1 Asymptotic Mean Square Error (AMSE) 
2 State-space 

R
۱۱
S

  



 −=

10
1 λδλξ

A  R!S
  



 +=

1
)( t

tw
εαλ 

�f_^k رایiز طرف ديگر ا T�kQw` ~f^ ���  R�S
  ∑

−

=

−−+==
1

1

1
0

t

j

jtt
t wjAzAz  

fJ\QtA Txi�م ^_ ]^ MkQ�Kd^ Qi1−Γ= ppA tt c` T�dQ}`TO kVh ta _k�  R�S
  



 −=Γ

10
01 λξ

  ic` z�Q� PQ�g P_V�\ �Qd^ JTXZKm t^V\cwyV̀ TO kJO PJZ� c�ZO T�q�`، 
^k _^NfQu z�Q�_ 11د كه ≤− λξ s MkVi  اگر

)0,0(0 =z NhQiد 
v_Vj ta _i�f_^k NLf ^Jg tkVi _^NfQu �Jg Q�  R�S

  

∞→

=−∑
−

=

−−

t

Lim
t

j

jt
1

0

1 /1)1( λξλξ  R
۱۶
S

  ∑
−

=

−− +−−=
1

0

1)1(
t

j
tj

jt
ty εελξξλ

λξ
δ

 

�f_^k_ز ا JZl^ ôi ^s[21]{  R
۱۷
S

  

∞→

+
−

+==

t

yLimyAMSE tt
2

22
22 )(

2
][)(

λξ
δ

λξ
ξσλσ ε

ε  

QqKm	د ^ Qi T�sQw` Yf QXLf ^ _ opKq` JfkQ�`λ c` MNbQ�`گردد{ c\_Vj _k 0كه=λ iNhQRk_^Nm kV�s c�JKLO cLwfSt^�Z`
AMSE c` �y^Nگردد�{ c` �f^�g ^ óf_^ c�sk �J� ]^ s NiQf يگر

`λ i=1اگر  �bQO óf_^ �NhQيkQf] �m Qf_^s �VU _k c�s NiQf
  }kVhمي

�®�ن»�   ���� �� ����� ����#&��
kVWm^_د _EWMA c` ^_ M_Q̀ a�Zu t^VLU Ti t^V\Tp�J̀ Yf cLZi P^Ji J\Vpم�~Z�mQZ 

zgJ� Jnm _k NLf ^Jg{ ~f^ _k صc` v_V]^ t^V\ �Zu PQxl�J̀ Yf cLZiQf J\Vp� Tp�  R
۱۸
S

  11 )( −−= tt zxte  

kVWm^_ج IJKLO ksN� ~ZZw\ zeEWMAkJO MkQ�Kd^{ اگر

EWMA
�Zu Nm ^VKiNhQi J\Vp� Tp�J̀ Yf P^Ji ciVl cLZi،MQ�ma �Zu PQbQxl TUVWX`c�K´�Wb NyQg J\Vp� Tp�J̀ Yf cLZi kVi NLb^Vl{c` �s_ sk ]^Zw` �^J}m ^ t^�Z` ~ZZw\ P^Ji t^V\Q_ �Zu PQbQxlkVWm MkQ�Kd^ J\Vp� Tp�J̀ Yf cLZi{_Ny ]^ Is^ �s_ �Zu PQbQxl ÿpx`Yf ]^ �jQ� cLZiEWMA

TiJf] v_Vj c` MkQ�Kd^NLO[22]�  R
۱۹
S

  )1()1(|)(|)( 1 −∆−+=∆ ttet λλ  ùIQ̀ Jm rf]V\ P^Ji tV)(25.1 t∆≈σ c` zd^]^ t^V\
)](25.1[3 t∆± TiIJKLO ksN� t^VLU_^kVWm ~ZfQu s �QiEWMA  
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  kJO MkQ�Kd^{zdk Ti ~ZWq\مآ
�iQy �s_ ~f^ ]^ ��m Qf_^s P^Ji MN tQLZW�^IJKLO ksN� zpU ~fNi s zd^ |J}K` TL` ^k �s_ ]^ J\

`J}K| نآ TL` ^k �s_ ]^iJKe 
zd^ هوc` �UQi J̀ ^ ~ZWkVh Q\ VWm ~f^ kJ[pWUدNiQf kV�ei _^{  _�Zu PQxl MNh _^VWb �m Qf_^s Yf ]^ þsk �sc` MkQ�Kd^ cLZi - NLO�  R!�S

  )1(ˆ)1()]([)(ˆ 22
1 −−+= ttet pp σλλσ  

�Zuم PQxl _QZw` �^J}m ^ �Qd^ Ji IJKLO ksN� ���y z�Q� NLmQ - c` T�dQ}` MNh cLZiگردد{IJKLO ksN� �J�fk v_Q�U Ti Qf
PsQ́)(ˆ3م tpσ± 

zd^{Txi ^_ _k�Vg PQb10 ≤≤ λ 
Jnm _k c` TKgJ�Vh[22]د{  c` �NL[m JZZ�\ NLf ^Jg ~Z�mQZ` J�^NLf ^Jg ~Z�mQZ` t^V\µ Ti ^_ - _^kVWm �OJ̀ ôl t^VLUEWMAkJO MkQ�Kd^{ليو ~Z�mQZ` J�^ JZ�K` NLf ^JgNhQiآ ،mf Qi MQ�M_Q̀ a ]^ N

tz _^kVWmEWMA Tit^VLU
P kJOخط مركز MkQ�Kd^ IJKLO _^kVWm{TO zh^k T�V\ NfQi

tz �ZutQ̀ ] _k ~Z�mQZ` cLZit+1  
zd^{_^kVWm v_Vj ~f^ _k

EWMA tQ̀ ] _kt+1  kVi Nb^Vl Jf] PQbJK` ^_Qu P^_^k[22]�  R!S
  

)(ˆ3

)(ˆ3

1

1

1

tzLCL
zCL

tzUCL

ptt

tt

ptt

σ

σ

−=
=

+=

+

+

+
  

�Zuد PQxl �m Qf_^s _ý� ]^ �Vg Txi ^_ _ze� MNh _^VWb cLZi zd^ MNh MkQ�Kd^ IJKLO ksN� ~ZZw\{_^kVWm ~f^ ry ^V̀ c�wi _k IJKLOIJKLO _^kVWm ^_EWMAc` |J}K` �OJ̀ ôlNL`Qm{ اگر �Zu PQxl �s_ ]^ �Zb^Vqi�ZLO MkQ�Kd^ MNh _^VWb ÿpx` cLZi 

mtQ̀آ ] _k IJKLO _^kVWm MQ�t+1  Nb^Vl Jf] PQbJK` ^_Qu P^_^k kVi[22]�  R!!S
  

)(75.4

)(75.4

1

1

1

tzLCL
zCL

tzUCL

tt

tt

tt

∆−=
=

∆+=

+

+

+
  

EWMA
xwm ^ cpZl M_Q̀ a Yf�QNLf ^Jg IJKLO PQbkJi_QO P^Ji Jfýu zd^ P_Q̀ a{�Qb Mk^k _k c�K´�Wb kV�s þNU v_Vj _kEWMA 

NhQiمي cwWX\ rW� IJKLO _^kVWm PQ� Ti ciVl 	QqKm ^ Nm ^V\{
MNLfاگر داد ^Jg PQbc` MQ�ma NLhQi _^k_VlJi c�K´�Wb kVl ]^t^V\ �Qd^ JiEWMA 

IJKLO _^kVWm Yf 
�[�` Q\ kJO TZe\ MNmQWZyQi PQbJxl m ا [
IJKLO PQb_^kVWm P^Ji TO N� ]^ �Zi cbQ�KhkJi ~Zi ]^ ^_ k_^k kV�s þVdJ̀{c�K´�Wb ]^ NLf ^Jg v^NbQ�` J�^ c` MQ�ma NLhQi _^k_VlJi z��`t^V\EWMA 

^_Ti �VWw`Yf t^VLU �ZucLZiMNLLOم_k MNh �}i IJKLO _^kVWm s zgJ� Jnm _k ódQL ^_ �qi ~f^TikJO MkQ�Kd^ NLf ^Jg IJKLO �Qd^ s QL�` t^VLU{ TK�� ^ þsk �s_ ]^ Nwi �qi _kRTxi^_!!Sc�JKLO ksN� T�dQ}` _kzd^ MNh MkQ�Kd^ MNmQWZ �yQi IJKL� _^kVWm °^Ji{  

  �«#�$ ����������� ®�"R2R ب������ �#&��� �
باقيمانده

PQZmkد _cwy^s�ZnL\cu PQb]^ MkQ�Kd^ Qi cu_k c�JKLO NLf ^Jg
R2R هزينه s PkV�V̀ _k JZZ�\ TpW� ]^ PkNwK` PQb  ديگر zdQZdc` 	QXf^ ^_ PNZ�V\ PQbNLO{  

 ~f^ _kT�Q�` 
�Qd^ Ji MNmQWZyQi c�JKLO PQb_^kVWm ]^ MkQ�Kd^

م
vQ�q�  مطرحMNh_k �qi۶، Ti]^ �_Ql z�Q� 
Zq�\ _VnL` s NLf ^Jg IJKLO 

þ�ZmQ[` ]^ MkQ�Kd^ �úd�ZnL\ PQb، kQeL�Zu zd^ MNfkJ�{  óZOJ\ �Vm ~f^ �ZnL\ TLf�b �bQO _k PJµV̀ ��mcu PQbcu_k k_^k NLf ^Jg{JK` ^_Qu tkJO 
q�` Qi þ�Zm Q[` sk ~f^ c�^J�λ 
Ji

اين 
�Qd^kkJ� TLZW� NLf ^Jg P_QnKm ^ TLf�b TO،ا _^kVWm _k TK�� �Zu PQxl MNh _^VWb �m Qf_^s Yf ]^ c�JKLOcLZiRþsk �s_S zd^ MNh MkQ�Kd^{ IJKLOs MNmQWZyQi IJKLO PQb_^kVWm óZOJ\ MNf ^

R2R  T�Q�` ~f^ _k 
�[h _k٤

zd^ MNh Mk^k tQ�m{  
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��Tد Q�` ~f^ TOا _ P_QZw`  زينهه[
^_ tQ̀ ] N�^s _k P_QnKm ^ 
� Ql c` TLZW� NLf ^Jg P^Jizd^ MNh MkQ�Kd^ �NLO{T�V\ Qi z�Q� ~f^ _k IJKLO _^kVWm ôf^Jh TiMNmQWZyQiفرض مي 
z�Q� _k NLf ^Jg TO kVh ~Z�mQZ` Qi IJKLO

tZ c` oZjV\i �^J}m ^ Yf s kVhQTi �Z�kM]^Nm ^
α كTi Tc` �_ cgkQ�\ v_VjNbk ،ic` �UQ]^ ~Z�mQZ` Q\ kkJ�

tZ i هα s MNmQWZyQi IJKLO _^kVWm Yf TpZds Ti NLf ^Jg NLO JZZ�\ s �Qi IJKLO ksN� ~ZfQu Qi)(tKZ pt σ± 
IJKLO گردد ومي cgQOkkJ� 	QqKm ^ PNZ�V\ TKdk ]^ TmVWm Yf Tp�J̀ Jb _k zd{ cKys�ZnL\ NLf ^Jg kVh �d_ IJKLO ksN� ]^ �_Ql Tx�m Yf TOc` ]Q� a Pks_sگردد{þQXm ^ �ZnL\ ~f^ TO cmQ̀ ] IV� _kمي kVh cWm Mk^k M]Q�^NLf ^Jg TO kVh، ]Q�a ^_ kVl PNwi Tp�J̀NLO{ زينه ه TgQ�^ �K´Zd TLf�b Ti �ZnL\ ~f^ گردد ويم _^kVWm ôdV\ J�^ TK�� ^ T�VK`�z�Q Tp�J̀ ~fNLù zd^ ~[W` �fV�m IJKLO ]^ �_Ql�kkJ� NZ�V\ 	VZw` IV�}` ه هزينهك

zh^k Nb^Vl NLf ^Jg P^Ji P^{
^cbQ�KhهNfQi طرف ديگر، از °QbJxl m ] TLf�mTKgJ� Jnm _k �Z kVh{  ميفرضXf^ IQWK�^ kVhQJi ^Ji Tp�J̀ Yf _k �^J}m ^ Yf kP  NhQi{Tiz�Q� _k NLf ^Jg T[Lf ^ �Jg Qi �J�fk v_Q�U \IJKLO z} i �sJhهc` _QO�NLO \J̀ k^Nwله�

z}\ z�Q� _k NLf ^Jg TO cfQb c` cyQi IJKLONm Q̀،~Z�mQZ` Qi cdNLb cgkQ�\ JZ�K` Yf
P−1

1
 

  }NhQiمي

cKyQiو �^J}m ^ TO 
�Z�kkkJ� JbQ�، اTi tkJi cu IQWK�ta kV�s PNwi Tp�J̀ _kiهzd^ Jf] v_Vj�  

  

R!�S
  ∫ ∫

∆−−

∞−

∞

−
+=−

K

K
dzzdzz

δ
φφβ )()(1  

Txiد ^_ ~f^ _)2/exp()2()( 22/1 zz −= −πφ rf]V\ c�Q�ù riQ\ c` tQ�m ^_ k_^NmQKd^ IQ̀ JmNbk{zZWOβ−1 
v_Ny s tV̀ ]aβ 

�kا �Vm PQxl IQWKو
zd^ þ{�Zm ^_ cbQ�Kh^ PQbJxl m ] IQWK�^

kJOمي ~ZZw\ Jf] Txi^_ ]^ t^V\.  R!�S
  ∫

∞
=

K
dzz)(2 φα  

�Q̀P^JiT�dQ}`P Tا zh^k T�V\ NfQiدNLf^Jg _R2Rخروجي ، TiM]^Nm^ TKdVZu v_Vjc` PJZ�kVh(yt) . �c�ZO T�q�` J�^ IQ c�q�` rf]V\ P^_^k c�sJlNhQi، مي
vQwxy Nj_k ôdVK` t^V\ NLf ^Jg _k ^_ PNZ�V\ 	VZw`R2R 

IJKLO QiMNLLOEWMA T�dQ}`
TiQi }كرد zd^ Ji ^Ji z�Q� ~f ^ _k 	VZw` Nj_k �p� _V��  R!�S

  )()( LSLyPUSLyPP tt ≤+≥=  

taك _k TUSL
±

TiNLK´b ٢  LSLو  ~Z�Qu s �Qi cLg ksN� óZ\J\{  i�IQ̀ Jm rf]V\ �Qd^ Jp TiVjc` T�dQ}` Jf] v_گردد{  R!�S
  )()(

t

t

t

t

t

t

y

y
y

y

y
y

LSL
ZP

USL
ZPP

σ
µ

σ
µ −

≤+
−

≥′=  

 آنk_ه ك
tyµ و

tyσ_QZw` �^J}m ^ s ~Z�mQZ` �
ty iMkV ك�qi _k T 

٦ Nh M_Qh^ ta Ti{  

  

                                                                 
1 Upper Specification Limit 
2 Lower Specification Limit 
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c�^J� P^Ji PkQ�Ky ^ IN` Yf TwdV\ IJKLO PQb_^kVWm Mk^kNm ^{  NfN� PkQ�Ky ^ IN` Yf �Qema IN` �Qd^ Ji �qi ~f^ _k Q̀P^Ji \ Tfs_رc�ZOR2R MNmQWZyQi IJKLO _^kVWm sMk^k TwdV\ايم{  IǸ _kNLf ^Jg z´[h þ�ZmQ[` �ms � t�m_V� PkQ�Ky ^±

از شروع  

يك
Ji _k ^_ 
Zq�\ �iQy �[�` Yf ]sJi Q\ P_QO �[Zd ميkJZ�{ c` �Jg IǸ ~f^ _k^NKi ^ _k NLfaJg TO kVhP_k P_QO �[Zd Ti P_Q̀ a IJKLO z�Q�c` Jd�UQi 
Zq�\ �iQy �[�` Yf s kJi c` NLf ^Jg _k JZZ�\ Yfگردد{c` �Jg �ms s t�m_V� IN` _kkVh Q̀ tQ̀ ] TO 

Jg _k �[�` ]sJi ~ZiJK` ^_Qu Qi cfQWm rf]V\ P^_^k NLf ^ �
 NhQi{~f^JiQLi

λ
1

 
z�Q� _k NLf ^Jg TO zd^ cm Q̀ ] ôdVK` k_^k _^Jy IJKLO{s TmVWm M]^Nm ^ �c�^J� PQbJK`^_Qu IN` ~f^ _k TmVWm ~Zi TpjQgc` �Jg ~ZLüWb MkVi PJZ�v_Vj _k kkJ� x�m Yf tkQKg^ �_Ql�Jj cm Q̀ ] vN` �IJKLO ksN� ]^ �_Ql Tta rg_ s zpU PVXK´� گرددمي{bQ�Kh^ PQbJxl m ] TLf�bي TLf�b ôdVK` zfQem _k s MNh TKgJ� Jnm _k IN` _k �Zm�Vg PQb ZWO �[Zd Jb _kنه

zd^ MNh{z�Q� _k NLf ^Jg �sJh ]^ �[Zd JbT̀ ^k^ 
Zq�\ �iQy �[�` Yf ]sJi Q\ s MNh �sJh IJKLO^NZu
  }NLOمي

\c�ZOJد IǸ _R2R MNmQWZyQi c�JKLO _^kVWm s ،TmVWm NLf ^JgPJZ� b tQfQu _kرc` þQXm ^ Tp�J̀]^ �_Ql Tx�m Yf tkQKg^ ]^ Nwi s kJZ�Tfs_ ]^ MkQ�Kd^ Qi Pks_s �ZnL\ NLf ^Jg �IJKLO ksN�EWMA c` þQXm ^kJZ�Nh �ZnL\ Pks_s TO cwyV̀ s ،NZ�V\ PNwi Tp�J̀
kVh{�_Ql ميع شرو IQWK�^ Qi Pks_s kNX` �ZnL\ Ti ]QZm IQWK�^NLf ^Jg c�sJl tkQKg^Yt 

zd^ Ji^Ji MNh ~ZZw\ k_^NmQKd^ ksN� ]^{ _^N�`ا
IQWK�^ ~f 

Ji �qi vQU��^ �Qd^٦ 
yNLK´b T�dQ}` �iQ{ i�Qd^ ~f^ J Ti IJKLO z�Q� _k NLf ^Jg TO cp�^J̀ k^Nw\ ôdVK`Jd

مي
Ji ^Ji kJi

p

1
NhQi{  Ji �Jgمي  �Qd^_V̀ TLf�b ��Qi MNh �Jx` PQbد

�[Zd Jb _k _QnKm ^ ]^ zd^ v_Q�U�  

R!S
  

=),,( knC λ

  

                                                                 
1 Process failure mechanism (PMF) 

و
zh^k �Zb^Vl�  R!
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k_ك Tآن
JK` ^_Quه]^ NL\_Q�U c�^J� PQ�  

n�m _k MkQ�Kd^ k_V̀ TmVWm M]^Nm ^MNmQWZyQi IJKLO PQb_^kVW.

kضريب�~ZZw\MNmQWZyQi IJKLO _^kVWm c�JKLO ksN� MNLLO.  

λضريب�Tfs_ _k MNLLO_^VWbEWMA و MNmQWZyQi IJKLO _^kVWm.

`PQbJK و ^_Quهزينه P^ع]^ NL\_Q��  

wهزينه�
zd^ IJKLO ]^ �_Ql NLf ^Jg TO cm Q̀ ] �NLf ^Jg �ZnL\{  

Yهز�MNh Mk] cbQ�Kh^ Jxl m ] TO cm Q̀ ] �NLf ^Jg �ZnL\ TLf zd^{  

S�ôdVK`k^Nw\Ti IJKLO z�Q� _k NLf ^Jg TO cp�^J̀c` JdkJi{
p

s
1={  

0cهزينه�Qwxy NZ�V\تcK�Q� _k �	VZw`IJKLO z}\ NLf ^Jg TO zd^{  

1c� هزينهNZ�V\y
�cK�Qطع _k �	VZw` vQNLf ^Jg TOIJKLO z}\ z´Zm{  

a� هزينه
ziQµTmVWmPJZ�.  

b�TmVWm JZ�K` TLf�bPJZ�{ 

  �«������ ¬"(� ¬���� �� #�� iT�dQ}` °^J_^N�`Ji ��Qf_ IǸ �f ���^J� °QbJK` ^_Qu TLZeizfksN}` s �Nb riQ\ TfQu` ��^J� Qbي�ZLپ }�٢��^J� °QbJK` ^_Q _kا �ZW�\ °QbJZ�K` tQWb IN` ~f میs �NLhQi P_^NfQu �Jh NLf ^JgR2R Ti ��ZmzfksN}` ]^ c[f t^VLUc` _^Jy IǸ PQbkJZ�{  

  
0
0

≥
≥

k
n  

 
R!�S

  ),,( knMINC λ  

  10 ≤< λ  

  11 ≤− λξ �i �d_Ji °^Ji IQJfkQ�` °^Ji ^_ ��^J� °QbJK`^_Qu �IǸ JK�Z opKq`∆ Qi Td Q\ J�j ]^ Mk^kc` T�dQ}` Jf] c�Jg PQb - �ZL�[18]�  

5,10,1.0,5.0,
25;50,1,100,10,1 2

10
====

======
LSLUSLba

wyCC εσξ  

و
JfkQ�` T� �Ky∆ �` JZZ�\TLf�b _^N�` °^Ji �\sQ�K` JfkQ�` NL�

Ti و ��^J� °QbJK` ^_Qu�` zdkIsN� _k T� NfaöMN`aNm^{  

�tQWIsNه _k TO _V�öc` MNbQ�`kVhJfkQ�` tNh kQf] Qi �∆، JK` ^_Quλ c` �f^�g ^NiQf{  

                                                                 
2 Á º�ñ º ÔÍ¾ Ï ºlingo 8.0×Øº ÙÚ� ÙÄÂ�áØ º ãÚÇ ÌºÍ� º ÌºÍÐà  
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  tQWbr�J̀ _k TO _V�[21]�MNh M_Qh^ 
IJKLO _k J̀ ^ ~f^ IQWU^ - MNLLOR2R  c` NLf^Jg c�sJl _k óf_^ �bQO �UQi،گردد _k s ^ zZ�ZO kV�ei �UQi TXZKmg_ zdk ]Kشه ميkV{ از طرف ديگر �f^�g ^ Qi IJKLO ksN�∆�_�i �MNh J\�bQO �UQi J̀ ^ ~f^ TO Nm ^ s Is^ �Vm PQxl c` MNmQWZyQi IJKLO _^kVWm _k þskاين }گردد Jf] M]^Nm ^ �bQO ó�V̀ kVl Ti kVl �bQO 
JZ�K` TLf�b s MsJ� TmVWm Ti �ViJ̀Nh Nb^Vl PJZ�{Jµ ^ Jf] _^kVWm∆ TLf�b Ji ^_ c` �fQWm NLf ^JgNbk{  s Is^ �Vm PQbQxl _^N�` TO k_^k ^_ zZpi Qy ~f^ �IN` ~ZLüWb  دوم s MJ�l k^Jg^ Jnm �Qd^ Ji �Zm ^_ IJKLO _^kVWm�ZW�\z}\ �MNmJZ� Nbk _^Jy IJKLO{P^Ji zfksN}` sk ~KgJ� Jnm _k Qi J̀ ^ ~f^α  و

β ÿ�}\^NZuمي NLORIǸ٣٠{Sج
IsN٢ 

JfkQ�`��^J� °QbJK` ^_Qu

Mk^k ~KgJ� Jnm _k Qi ^_s cp�y c�Jg PQb 
JfkQ�` 0.05 0.1  وTi - P^Ji óZ\J\ u1 و u2  c` tQ�mNbk{  R��S

  ),,( knMINC λ  

  
0
0

≥
≥

k
n  

  10 ≤< λ  

  11 ≤− λξ 

  
2

1

u

u

≤

≤

β

α
 

  }Z}j�n , k	kNUو                                                           

�UQiد NLf ^Jg ~Z�mQZ` _k JZZ�\ t^�Z` �f^�g ^ z�Q� ~f^ _�f^�g^λ s MNh اc�JKLO NLf ^Jg _k T� Q́ ` ~fR2R Qi PV}m Ti عث c` NLf^Jg �ZnL\Ti �kkJ�c�sJl ~Z�mQZ` _k óf_^ TO v_Vj ~f^ s TKgQf �bQO NLf ^Jg c` �f^�g^ c�sJl zZ�ZO TXZKm _kNiQf[23]{  
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  �Vm PQbQxl �bQO �	VZw` v^NZ�V\ k^Nw\ �bQO v_Vj ~f^ _ks Is^ ،دوم O �UQi �TmVWm k^Nw\ �bQO ~ZLüWbQ�bكTLf�b �

^�f^�g }گرددمي óZh z�Q� ~f^ _k ~ZLüWbλ �fQKm ]^ JK�Zi IǸ ]^ �jQمي�٢٩ NhQi{]^Nm ^ ôdVK` ~f^ Ji Ms�Uþ]� TmVWm MJ�Ql Ti J̀ ^ ~f^ TO �zd^ JK�Zi þsk z�Q� _k c�JKLO _^kVWm _ks Is^ �Vm PQxl P^Ji zfksN}` tk^k _^Jy 
zd^ þsk{� h

`c ∆ اثر٦ �fQWm NLf ^Jg TLf�b Ji ^_Nbk{  

TLf�b زا PQbJK` ^_Qu J�fk �J�Ti P^]^ cxl óZOJ\ v_Vj PQbJK` ^_Quc�^J�_kIǸTKgJ� _^Jy QbNm ^{c` �UQi J̀ ^ ~f^ گردد

Tiكه آن QbJb �f^�g^ Qi ~f^Ji QLi �NLLO �WU cm]s ó�^J� v_Vj�ó�^J� ~f^ ]^ þ^NO kJO NLb^Vl JZZ�\ T�ViJ̀ PQbJK` ^_Qu{  

  ��.��� ¬�������&#�)ي���
kVWm^_د ]^ T� Q�` ~f^ _IJKLOQWZyQimMN Ti�s_ �W[` t^VLUR2R V�ei _ks zZ�Z� k TLf�b �bQ�zZ�Z� °Qb NfkJ� MkQ�Kd^{ اين��^J� °QbJK` ^_Qu T� c�Qf_ IN` �f TZe\ ÿfJ� ]^ kV�eis MNmQWZyQi IJKL� °Qb_^kVWm 

IJKL�MNLL�R2R Ti ^_TLZei v_Vj iه�` zdkk_sa ،s zgJ� v_Vj TLf�b �J� �f ]^ TXZKm _k°Qb s IJKL� 
zZ�Z� _k ��qiJµ^ J�fk �J� ]^MNh Mk_saJi IV�}` zd^{�` kQeL�Zu]^ MkQ�Kd^ kVh cwWX\ rW� PQb_^kVWm

(CUSUM) ��JKL� _^kVWm °Q� Ti TiQ�` �^Vl Ti T�V\ QiNmkJ� cd_Ji MNmQWZyQi{ c` ~ZLüWbcfQb_QZw` ]^ MkQ�Kd^ t^V\ ùNLf ^Jg cfQm ^V\ tV s cd_Ji _k ^_ kNX` �ZnL\ kJO cd_Ji NLf ^Jg{  
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