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x@ ẁ[wt C=}@O= QO Q=@ u}rw= |=Q@ [5]u=Q=mty w |U=@a "OvOQm x�=Q= =Q swO R=i QO
xOW x�=Q= Q=Owtv '|}=v=wD uO=O u=Wv |=Q@ "OvDN=OQB l} R=i QO C=Q}}eD ?} Q[ V}=B
V}=B |=Q@ |WwQ [6]u=Q=mty w u=DN "CU= xOW xO=iDU= Q=OWy p=tDL= Q=}at R=
nv} "OvO=O x�=Q= COtx=Dwm O}rwD |=yOv}=Qi QO xQ}eDtOvJ Cr=L QO C=Q}}eD ?} Q[
CQwYx@ =t= C=Q}}eD ?} Q[ V}=B |=Q@ pQDvm Q=Owtv Q=@ u}rw= |=Q@ [7]u=Q=mty w
l} [8]u=Q=mty w u=QD "OvO=O x�=Q= |Q}oxR=Ov= |=]N OwHw Cr=L QO =Q xQ}eDtlD
(EWMA)|}=tv uwRwt lQLDt u}ov=}t pQDvm Q=Owtvl} w|DQ=ywW pQDvm Q=Owtv
"OvO=O xaUwD |Q}oxR=Ov= |=]N Qw[L QO C=Q}}eD?} Q[V}=B |=Q@ q=@ pQDvm OL =@
C=Q}}eD ?} Q[ V}=B |=Q@ xiQ]l} OwOL =@ |@}mQD Q=Owtv wO [9]u=Q=mty w u=}ov
|xQ}eDtOvJ pQDvm Q=Owtv l} [10]u=Q=mty w Vw@ QHv}H "OvOQm x�=Q= xQ}eDtOvJ
jL "OvOQm |L=Q] =Q C=Q}}eD ?} Q[ V}=B |=Q@ |}=tv uwRwt lQLDt u}ov=}t

Ov}=Qi Tv=} Q=w =} u}ov=}t QO C=Q}}eD V}=B |=Q@ |DQ=ywW pQDvm |=yQ=Owtv ?re=
p}rO x@ Ov}=Qi Tv=} Q=w w u}ov=}t V}=B =yOv}=Qi R= |Q=}U@ QO =t= "Ov=xOW|L=Q]
?} Q[ R= xO=iDU= p}qO xrtH R= [1]"CU= pwkatQ}e |Q=m Q_v OQwt Ov}=Qi C}y=t

%R= Ov=CQ=@a Ov}=Qi V}=B |=Q@ C=Q}}eD
&hrDNt |Q}oxR=Ov= |=yOL=w =@ hrDNt |=yxO=O xawtHt QO C=Q}}eD xU}=kt "1

&u}ov=}t |=Q@ hrDNt Q=}U@ Q}O=kt OwHw "2
C@=F Qo}O |xvwtv x@ xvwtv l} R= Ov}=Qi Q=}at h=QLv= =} u}ov=}t xm|t=ovy "3
h=QLv= w u}ov=}t V}=B CU= umtt 'OW=@ u}ov=}t R= |@}mQD Tv=} Q=w w OW=@v
Ov}=Qi xm |r=L QO 'OyO@ Ov}=Qi uOw@v pQDvm CLD Q@ |v@t |Q=OWy Ov}=Qi Q=}at
Q_v OQwt Ov}=Qi |D=P C}y=t p}rO x@ Q=OWy u}= w CU= pQDvm CLD Q_v OQwt

[2]"CU= xOw@
|xYNWt u}OvJ |xr}Uwx@ pwYLt =} Ov}=Qi C}i}m =yOQ@ Q=m R= |Q=}U@ QO
xQ}eDtOvJ C=Q}}eD ?} Q[ V}=B R= Cr=L u}= QO xm OwW|t h}YwD |i}m

pw�Ut xOvU} wv �
"1400 9 2 VQ}PB '1400 8 25 x}LqY= '1400 6 1 Ci=} QO %M} Q=D

DOI:10.24200/J65.2021.58429.2232



"""x
Q}eDt

OvJ
|xr

=@vO
`tH

pQDv
mQ=

Owtv
|L

=Q]"CU= s=i |xvwtv |=Q@ X�i;1;X�i;2;:::;X�i;n
X�i;j;t= A + BYi;j + "i;j;t : (1)

X�i;j;t �MN(A + B�;BT�B+�") : (2)

X�i;j �MN(A + B�;BT�B+�"/m) : (3)

X
�
i �MN(A + B�; 1/n(BT�B+�"/m)) : (4)

=]N Qw[L QO xQ}eDtOvJ C=Q}}eD ?} Q[ "2"2
R= xm OW=@ w[a n =@ |iO=YD xvwtv l} fX1;X2; :::;Xng xm O}vm ZQi
� Tv=} Q=wwm Tv=} Q=w T} QD=t w � u}ov=}t Q=OQ@ =@ xQ}eDt p p=tQv `} RwD l}
x@U=Lt 5 |x]@=Q R= xO=iDU= =@ xvwtv u}= |xQ}eDtOvJ C=Q}}eD ?} Q[ "Ovm C}a@D

%OwW|t
 = (�T��1�)�

12 ; (5)

Ov}=Qi C=Q}}eD ?} Q[ |xQ}eDtOvJ V}=B |=Q@ 'CyHlD Q=Owtv wO xr=kt u}= QO
Ov=xOQm xQ=W= [4]u=Q=mty w nv} "CU= xOW x�=Q= |Q}oxR=Ov= |=]N uDW=O =@
6 |x]@=Q R= |Q}oxR=Ov= |=]N uDW=O =@ xQ}eDtOvJ |}xvwtv C=Q}}eD ?} Q[
xO=iDU= =@ X�i;j Tv=} Q=wwm Tv=} Q=w T} QD=t S�i u; QO xm &OwW|t x@U=Lt
CQ=@a uDiQo Q_v QO =@ [4]u=Q=mty w nv} "OwW|t x@U=Lt 7 |x]@=Q R=
T 2
n�1 :

n�v
v � Fv;n�v;� OvDi=} QO T 2 = (

p
n/̂)2 = nXTS�1X

� |RmQtQ}e QDt=Q=B w |O=R; xHQO (n � v) w v =@ F |RmQtQ}e `} RwD l}
QO |RmQtQ}e QDt=Q=B Q=Okt X�i w X�i;j `} RwD x@ xHwD =@ xH}Dv QO "CU=
C=Q}}eD ?} Q[ OwN R= |a@=D x@=Wt CQwYx@ sy |Q}oxR=Ov= |=]N Qw[L

%CU=
�� = n��T���1��

%u; QO xm
�� = E(X�i;j)

�� = V ar(X�i;j)

A jwi |x]@=Q C}twta uO=O CUO R= uwO@ "OwW|t x@U=Lt 8 |x]@=Q j@]
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s
n(n� v)
(n� 1)v

[ 1
F�1
v;n�v;��(1� �)

] : (12)

UCL = F�1b� (1� �0 jn; v; ��0 ) ; (13)

LCL = F�1b� (�0 jn; v; ��0 ) : (14)
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"OQm xaH=Qt [1]u=Q=mty w
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1. run sum chart
2. sample number
3. sample size
4. multivariate coe�cient of variation chart
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