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"CU= xOW |O}OH |=ypOt w s}y=it |xaUwD Ea=@ 'CU= u=} QH QO =yCmQW
O=tDa= ?rH =@ \@DQt |=yCU=}U w �pwYLt |xO=wv=N� swyit p}rO u}ty x@
u=QoWywSB R= |Q=}U@ xHwD OQwt Q}N= |=yp=U |] 'Cv=t[ COt Ovv=t '|QDWt
xO=iDU= ut[ xm Ovm|t sy=Qi =Q u=mt= u}= pwYLt |xO=wv=N swyit "Ov=xDiQo Q=Qk
QO "OwW xO=O ẁvDt |=y=[=kD x@ ?U=vt MU=B '|Q}PBh=]av= w xw@v= O}rwD |=}=Rt R=

pw�Ut xOvU} wv �
"1398 8 27 VQ}PB '1398 7 15 x}LqY= '1398 1 18 Ci=} QO %M} Q=D

DOI:10.24200/J65.2019.52582.1952



"""|
=Q@C

v=t[
CO

tw
Ct

}ku
=tRs

y|
R=Ux

v}y@xO=iDU= OQwt xar=]t OvJ QO =yv; |O=yvW}B `@=D [24]"OvOQm |UQQ@ =Q |ov}y@ \}=QW
Ct}k |R=Uxv}y@ |=Q@ =Q =[=kD `@=D u}= u=Q=mty w nvwy [27�25]"CU= xDiQo Q=Qk
O}kt=v |R=Uxv}y@ pOt l} ?r=k QO O}OH pwYLt l} |=Q@ Cv=t[ COt w
p}rLD =Q u; Ct}k u}}aD |w} Q=vU wO |=Q@ 'xv}y@ pQDvm VwQ =@ w OvOQm |Ov@pwtQi
|=yCU=}U |=Q@ |[=} Q |=ypOt |Qo}O u=QoWywSB xQ=@u}ty QO [25]"OvOQm
xar=]t [29�25]"Ov=xOQm x�=Q= CqwYLt w CmQW Cw=iDt \}=QW w Cv=t[ hrDNt
[33�30]"CU= xOw@ OwOLt |}xa]kOvJ CqwYLt |=Q@ Cv=t[ |=yxv} Ry OQwt QO
Cv=t[ COt uOQm xi=[= |xv} Ry |x@U=Lt |xwLv u; |] xm [30]`HQt xrtH R=
R= xO=iDU= =@ xm [33]`HQt u}vJty w CU= xOW |UQQ@ |QDWt CU=wNQO x@
|}xa]kOvJ =ysDU}U =y|@=QNO=OaD Tv=} Q=w w u}ov=}t \@=wQ |iO=YD |=yOv}=Qi

"CU= xOQm x�=Q= hrDNt |=yu=tO}J =@ C=a]k pqkDU= sOa ZQi =@ =Q
Ct}k u=tRsy Qw]x@ xm |@U=vt |[=} Q pOt Rwvy xm Cio u=wD|t ẁtHt QO
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0 0 ��F2S : : : 0 0 0 : : : 0 �F2S

0 0 0 0 ��FnS 0 0 : : : 0 �FnS

0 0 0 0 0 ��R1S 0 : : : 0 �R1S

0 0 0 0 0 0 ��R2S : : : 0 �R2S

0 0 0 : : : 0 0 0 : : : ��RnS �RnS

SU 0 0 : : : 0 �sr1 �sr2 : : : �srn �SU �
nP
i=0

�sri

377777777777777777775
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"""|
=Q@C

v=t[
CO

tw
Ct

}ku
=tRs

y|
R=Ux

v}y@|xv} Ry CMki w CU= i sDU}U Q} R |=Q@ j |xa]k O}rwD |xv} Ry Cij u; QO xm
"CU= k pwYLt O}rwD |=yxv} Ry `tH cmk w k pwYLt |=Q@ i sDU}U Q} R Qy
Cv=t[ C=tON ẁv w O=OaD x@ |oDU@ (cwk) pwYLt Qy |=Q@ Cv=t[ |xv} Ry

%OwW|t x@U=Lt 8 w 7 \@=wQ CQwYx@ Cv=t[ C=tON s=Hv= MQv "OQ=O
�Fki = �Fki �FkiS (7)

�Rki = �Rki �RkiS (8)

Q}F-=D CLD sy w Cv=t[ COt Q}F-=D CLD sy Cv=t[ C=tON C=aiO O=OaD
OwHw Cv=t[ COt OQwt QO pw=ODt Cv=t[ CU=}U wO "CU= Cv=t[ CU=}U

%OQ=O
C@=F COt CU=}U "1

l} ,qFt� pwYLt VwQi R= Oa@ |v}at COt |=Q@ Cv=t[ C=tON CU=}U u}= QO
CUmW Cr=L |=Q@ Cv=t[ C=tON O=OaD '|r@k |=yZQi =@ "OwW|t x�=Q= �p=U

%R= Ow@ Oy=wN CQ=@a T |v=tR |xR=@ QO (NFki)

NFki = �FkiT (9)

|v=tR |xR=@ QO (NRki) |@=QN Cr=L |=Q@ Cv=t[ C=tON O=OaD x@=Wt Qw]x@ w
%CU= u}vJ T

NRki = �RkiT (10)

xOvwWO}OHD CU=}U "2
COt R= Oa@ |@=QN u}rw= xm |Dkw =D pwYLt l} Cv=t[ |xQwO CU=}U u}= QO
p=tDL= '|}=tv Qta `} RwD |=y|oS} w x@ xHwD =@ "O@=}|t xt=O= 'ODi= j=iD= Cv=t[
Q@=Q@ '(prki) OwW CUmW Q=JO T COt QO k pwYLt R= s=i sDU}U Q} R xmu}=
Ci=} QO Q=@ Qy R= Oa@ sDU}U w xa]k xmu}= ZQi =@ w CU= prki = e��fkiT

Cv=t[ C=tON C=aiO O=OaD 'Ovm|t Q=m wv |xa]k l} |@ wN x@ Cv=t[ C=tON
=@ |UOvy `} RwD l} |=yV}=tR; O=OaD \UwDt R= QDtm |m} Cv=t[ |xQwO QO
CUmW Cr=L |=Q@ Cv=t[ C=tON O=OaD Cr=L u}= QO TB "CU= prki QDt=Q=B

%CU= Q} R Q=Qk x@ T |v=tR |xR=@ QO (NFki)

NFki = e��FkiT � 1 (11)

CU=}U u}= |=Q@ (NRki) |@=QNCr=L |=Q@Cv=t[ C=tON O=OaD x@=Wt Qw]x@ w
%Ow@ Oy=wN Q} R Q=Qk x@ T |v=tR |xR=@

NRki = e��RkiT � 1 (12)

CUO x@ =ysDU}U Q} R CUmW O=OaD `tH R= pwYLt Qy Cv=t[ C=tON O=OaD
pt=W CUmW Cr=L QO pwYLt Qy |=Q@ Cv=t[ C=tON Q=@ Qy |xv} Ry "O};|t
"CU= (crki) Q}taD |xv} Ry |Qo}O w (cski) Z} waD |xv} Ry |m} 'xv} Ry wO
=@ "CU= Q}taD |xv} Ry pt=W \ki |@=QN Cr=L QO Cv=t[ C=tON Q=@ Qy |xv} Ry
|xv} Ry 'OW=@ u=o}=Q CQwYx@ Cv=t[ C=tON s=Hv= CmQW CU=}U xmu}= ZQi

%CU= u}vJ CmQW |=Q@ (wk) Cv=t[ COt pw] QO pwYLt Qy Cv=t[

cwk =
nX
i=1

(NFki (cski + crki) +NRki crki (13)

�U +
nX
i=1

�Fi +
nX
i=1

�Ri + �S = 1 (2)

OQw; CUO x@ 3 CqO=at x=oDUO R= u=wD|t =Q COt Ovr@ Cq=tDL= 'u}=Q@=v@
2 |x]@=Q R= Cr=L u} QN; |rO=aD |xrO=at |=Hx@ C=@U=Lt QO CrwyU |=Q@�

%�OwW|t xO=iDU= 
�us �

nX
i=1

(�UFi + �URi)

!
�U + SU�S = 0

�UFi�U � �FiS�Fi = 0 ; i = 1; : : : ; n
�URi�U � �RiS�Ri + �sri�S = 0 ; i = 1; : : : ; n
�U +

nX
i=1

�Fi +
nX
i=1

�Ri + �S = 1 (3)

uDiQo Q=Qk COt Ovr@ p=tDL= |va} �Fi Q}O=kt 3 CqO=at x=oDUO pL =@
Q=Qk p=tDL= |va} �Ri w i sDU}U Q} R CUmW R= |W=v CUmW Cr=L QO sDU}U

"Ov};|t CUO x@ i sDU}U Q} R |@=QN R= |W=v |@=QN Cr=L QO sDU}U uDiQo

=[=kD `@=D "3"3
w C=e}r@D 'C}i}m 'Ct}k� pwYLt C=YNWt pFt |irDNt pt=wa R= |a@=D =[=kD
|[=} Q |R} Qxt=vQ@ |=ypOt R= |Q=}U@ QO "CU= u; Ovv=t w |D@=kQ C}a[w '�"""
Qou=Wv u=} QDWt Q_v QO Cv=t[ COt xmu}= x@ xHwD =@ 'Cv=t[ COt |xv}tR QO
Q_v QO Cv=t[ |xQwO w Ct}k =Q |QDWt *|Q}os}tYD |rY= pt=wa 'CU= C}i}m
=Q 1Tqo =O - ?=m `@=wD |xO=wv=N R= |a@=D 1976 p=U QO QoQ@ w utm}r}o "OvQ}o|t
|=[=kD `@=D T=U= u}= Q@ "OvOQm O=yvW}B Q}eDt wO u}= ?ULQ@ =[=kD `@=D u=wva x@

%Ow@ Oy=wN u}vJ (pk) Ct}k w (wk) Cv=t[ COt ?UL Q@ k pwYLt
qk (w; p) = KIk(KIIk + wk)�kpk��k

KIk;KIIk > 0; 0 < �k < 1; �k > 1;8k (4)

VWm |=y?} Q[ ?}DQD x@ R}v �k w �k w C@=F Q}O=kt KIIk w KIk u; QO xm
CQwYx@ u=v}t]= C}r@=k 4 `@=D QO xJQo "OvDUy Ct}k VWm w Cv=t[ COt
"CU= pwYLt u=v}t]= C}r@=k R= |a@=D Cv=t[ COt =t= 'CU= xOWv u=}@ K} QY
|QDWt Qy xm CU= u}= Q@ ZQi ,qwY= CqwYLt |xO=wv=N x@ \w@ Qt |xv}W}B QO

"CU= CqwYLt R= |m} |[=kDt \ki

pwYLt OL=w Qy Cv=t[ |xv} Ry w O}rwD |xv} Ry "4"3
O}rwD OL=w |xv} Ry "CU= Cv=t[ |xv} Ry w O}rwD |xv} Ry pt=W pOt |=yxv} Ry
R= pwYLt OL=w O}rwD |xv} Ry w OwW|t xDiQo Q_v QO C@=F pOt u}= QO xa]k Qy
'CU= xOW XNWt u; u=tO}J QO xm 'pwYLt u; C=a]k O}rwD |=yxv} Ry `tH
O}rwD |=yxv} Ry QO pwYLt |}=yv S=Dvwt |xv} Ry OwW|t ZQi "O};|t CUO x@

%TB "CU= xOW umWQU C=a]k
CMki =

X
j2CNFk

Cij (5)

cmk =
nX
i=1

CMki (6)
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1/
1|

xQ=t
W'

36
�1

|xQ
wO'

�13
99

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt s=Hv= =Q u; O}rwD ,qwY= CmQW 'OW=@ QDtm |O=YDk= C}iQ_ pk=OL R= =[=kD u=R}t

Q=Qk pwYLt |=[=kD Q@=Q@ =Q O}rwD R= OL u}= 19 |x]@=Q QO u=wD|t TB &OyO|tv
u}=Q@=v@ "OQw; CUO x@ =Q Ct}k |xv}W}@ Cv=t[ COt u}}=B OL uO=O Q=Qk =@ w O=O

%CW=O s}y=wN
Upk = exp

�
ln (Lqk)� ln (KIk)� �k ln (KIIk + LWk)

��k
�
(25)

xr�Ut |ov}y@ \}=QW w O=a@= |UQQ@ "6"3
K(2i+ 5) O=OaD w CU= xDUw}B Q}eDt K w K}LY OOa Q}eDt K |=Q=O xr�Ut
|R} Qxt=vQ@ |xr�Ut l} 'u}=Q@=v@ "OQ=O |]NQ}e C}OwOLt K w |]N C}OwOLt

"CU= nQR@ u=OvJ xv |O=a@= =@ |]NQ}e \rDNt
Q}PBu=mt= hOy `@=D |UQQ@ =t= &CU= pmWt pOt pm |ov}y@ \}=QW |UQQ@
`@=D Q=DiQ w |ov}y@ \}=QW 'CU= CqwYLt OwU ẁtHt hOy `@=D uwJ "CU=
Qo = xm O=O u=Wv u=wD|t "Ow@ Oy=wN hOy `@=D pm x@ s}taD p@=k pwYLt l} OwU
l} hOy `@=D x=ov; 'CU= u}vJ ,qwtat |ak=w |=}vO QO xm '1 +�k � �k > 0
|]N ,=DOta pOt |=yC}OwOLt xm u}= x@ xHwD=@ [26]"OQ=O xv}y@ w xv=o} ?=wH
"OUQ@ |rm |xv}y@ ?=wH l} x@ |DL=Q x@ xr�Ut xm CU= u}= |rm Q=_Dv= 'OvDUy
pmWt uwO@ GAMS Ovv=t OwHwt pw=ODt |=yQ=Ri=sQv \UwD u; pL 'u}=Q@=v@

"Ow@ Oy=wN Q}PBu=mt= |Y=N

|D=@U=Lt G}=Dv "4
R= xO=wv=N l} CqwYLt |=Q@ xv}y@ Cv=t[ u=tR COt w Ct}k u}}aD |xr�Ut
l} Qy|=Q@ pw=VN@ QO "OwW|tp}mWDVN@ wO R= `k=w QO Q}PBu=tO}JCqwYLt
'\w@ Qt hwmQ=t |rO=aD CqO=at x=oDUO 'C=a]k C=aq]= T=U= Q@ CqwYLt R=
|xr�Ut l} xm swO VN@ |=Q@ sRq C=aq]= =D OQm pL u=wD|t =Q '18�15 \@=wQ
xrtH R= 'pwtat |=yQ=Ri=sQv \UwD VN@ wO Qy "O}; CUO x@ 'CU= |R=Uxv}y@
wOQy u=wD|t 'nQR@ u=OvJxv p�=Ut |=Q@ "CU= pL p@=k 'MATLAB =} GAMS

Q=Ri=sQv R= xr�Ut O=a@= x@ xHwD =@ VywSB u}= QO "OQm pL =Hl} CQwYx@ =Q VN@
'|]NQ}e\rDNt |R=Uxv}y@ |xr�Utl}?r=k QOVN@ wO Qy pL |=Q@ GAMS

Hz 3 12 compute cores4c + 8g QoWR=OQB =@ ASUS |xv=}=Q l} |wQ Q@
"CU= xOW xO=iDU=

|OQwt p=Ft "1"4
R= xO=wv=N l} O}rwD p=L QO xm CmQW l} |=Q@ |OQwt p=Ft l} VN@ u}= QO
xwQo Q=yJ QO |O}rwD |=yA=DAr u=}[=kDt "OwW|t pL w x�=Q= 'CU= A=DAr
|Q=O= '�A pwYLt� |rwtat |=y|Q@ Q=m =@ |ov=N 'OvQ}o|t Q=Qk (K = 4)

pwYLt� pw=ODt Q} wYD VR=OQB w |D=@U=Lt |y=o w |QDiO |=yQ=m s=Hv= |=Q@
xS} w u=Q@ Q=m w �C pwYLt� OvQ=O u}ovU |D=@U=Lt C=}rta xm |v=Q@ Q=m '�B
?U=vt u=tO}J =@ O}=@ 'u}=Q@=v@ "�D pwYLt� '|}xv=}=Q |=y|R=@ u=Qo} R=@ Ovv=t
x@ C@Uv u=oOvvmhQYt R= xwQo Qy Q=DiQ "Cio MU=B =Q =yv; C=Q=_Dv= C=a]k R=
Ct}k x@ C@Uv |ov=N CqwYLt u=} QDWt "CU= Cw=iDt Cv=t[ COt w Ct}k
=Q Ct}k x@ C}U=UL u} QDtm |}xv=}=Q |=y|R=@ u=Q@ Q=m 'OvQ=O |O=} R C}U=UL

pOt "5"3
xDUw}B Q}eDt 'p Ct}k &CU= |]NQ}e \rDNt |R} Qxt=vQ@ l} xr�Ut |rm pOt
"CU= OwU |R=Uxv}W}@ xr�Ut hOy "CU= K}LY Q}eDt w Cv=t[ COt w
Qy |xv} Ry pm w Ot;QO pm p[=iD `tH pY=L R= CqwYLt pm OwU u=R}t
'VwQi u=R}t ?Q[pY=L =@ Q@=Q@ pwYLt Qy Ot;QO "O};|t CUOx@ pwYLt
pwYLt Qy |xv} Ry "CU= pwYLt Qy Ct}k QO 'OwW|t ZQi =[=kD Q@=Q@ xm
|=yC}OwOLt Q@xwqa pOt "CU= Cv=t[ |xv} Ry w O}rwD |xv} Ry pt=W R}v
xv}tm w xv}W}@ C}OwOLt |=Q=O hwmQ=t |xQ}HvR QO |rO=aD CqO=at x@ \w@ Qt
Q} R KQW x@ xr�Ut pOt "CU= CqwYLt pm R}v w pwYLt Qy O}rwD u=R}t |=Q@

%CU=
max � (p; w) =

KX
k=1

KIk(KIIk +Wk)�kpk��k (pk � cmk�

(
nX
i=1

(NFki (cski + crki) +NRkicrki))) (14)

s:t:

(�SUk �
nX
i=1

�UFik + �URki)�Uk + SUk�Sk = 0 (15)

�UFki�Uk ��FkiS�Fik = 0 ; i = 1; : : : ; n (16)

�URki�Uk��RkiS�Rki + �srki�Sk = 0 ; i = 1; : : : ; n (17)

�Uk +
nX
i=1

�Fki +
nX
i=1

�Rki + �Sk = 1 (18)

qk = KIk(KIIk +Wk)�kpk��k (19)

Lqk � qk � Uqk (20)
kP
k=1

qk �M0 (21)

Lwk � wk � Uwk ; k = 1; : : : ;K (22)

Lpk � pk � Upk ; k = 1; : : : ;K (23)

P 2 R+;W 2 N (24)

x@ q=@ w u}}=B OwOL Upk w Lpk w Uwk 'Lwk 'Uqk 'Lqk u; QO xm
`@=D '14 |x]@=Q "OvDUy k pwYLt Ct}k w Cv=t[ COt 'O}rwD C}iQ_ ?}DQD
=@ xO=wv=N hrDNt CqwYLt |xOW OQw;Q@ |=[=kD VwQi R= |W=v OwU hOy
18�15 \@=wQ w Cv=t[ C=Q}taD w O}rwD Q=_Dv= OQwt |=yxv} Ry uOQm Qw_vt
Qy |=Q@ =[=kD Q=Okt 19 |x]@=Q "OvDUy hwmQ=t |xQ}HvR |rO=aD CqO=at
S=Dvwt C}iQ_ 21 |x]@=Q "OyO|t u=Wv =Q u; u}}=B w q=@ OL 20 w pwYLt
u}at =Q =yv; ẁv w =yQ}eDt OwOL 24�22 \@=wQ "OyO|t u=Wv =Q CqwYLt pm

"Ovvm|t
w NFki 'k pwYLt R= i sDU}U Q} R |@=QN w CUmW O=OaD hOy `@=D QO
\@=wQ T=U= Q@ 'Ovm P=ND= =Q Cv=t[ CU=}U s=Om CmQW xmu}= ?ULQ@ 'NRki
u}= |=Q@ Cv=t[ COt u}}=B w q=@ OwOL "OW Oy=wN x@U=Lt CU=}U u; x@ \w@ Qt
|=Q@ u}}=B OL l} "OwW|t s=Hv= CmQW |=yCU=}U w Q=R=@ hQa T=U= Q@ xr�Ut
xHwD=@ Ct}k |=Q@ q=@ OL l} "CU= C=a]k O}rwD |=yxv} Ry `tH ,=Da}@] Ct}k
Qo = "CU= x@U=Lt p@=k pwYLt Qy O}rwD C}iQ_ pk=OL T=U= Q@ =[=kD `@=D x@
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"""|
=Q@C

v=t[
CO

tw
Ct

}ku
=tRs

y|
R=Ux

v}y@"C=a]k w =ysDU}U Q} R C=aq]= "2 pwOH
�RSi �FSi �URij �UFij CMij (i) =yxv} Ro (i) sDU}U Q} R
115 50 0 07 0 1 50 1

I0 05 0 075 90 2

150 70
0 04 0 04 40 1

II0 03 0 035 60 2
0 02 0 025 90 3

185 100 0 12 0 15 25 1
III0 08 0 075 45 2

110 40
0 08 0 125 75 1

IV0 05 0 075 125 2
0 04 0 06 175 3

190 95
0 08 0 13 100 1

V0 06 0 1 150 2
0 05 0 085 200 3

"1 CU=}U |=Q@ CqwYLt C=aq]= "3 pwOH
SU US cr � � KI CNF pwYLt
150 100 8 1 6 0 21 15� 109 f1; 1; 1; 1; 1g A

180 60 10 1 5 0 23 8=5� 109 f1; 2; 1; 1; 2g B

200 30 13 1 6 0 25 7� 109 f2; 2; 2; 2; 2g C

200 25 17 1 5 0 23 8� 109 f2; 3; 2; 3; 3g D

pwYLt 850000 O=OaD QFm =OL xm |Qw]x@ "OQ=O OwHw lQDWt S=Dvwt \N l}
"CU= S=Dvwt p@=k

|xv}tm |=Q@ 10000 ^=Lr =@ w 25 |x]@=Q T=U= Q@ Ct}k |xv}tm w xv}W}@
xOW xDiQo Q_v QO xr�Ut pL QO w x@U=Lt CqwYLt |xty |=Q@ pw@k p@=k O}rwD

"CU= �x=t xU ?UL Q@� 12 w 1 Q@=Q@ Cv=t[ COt |=Q@ OwOL "CU=
"CU= xOW pL Cv=t[ CU=}U wO Qy |=Q@ jwi |=yxO=O =@ xr�Ut

GAMS Q=Ri=sQv xr}Uw x@ pOt pL R= xOt;CUO x@ G}=Dv -C@=F COt �1CU=}U
"CU= xOW xO=O u=Wv 4 pwOH QO 'Ovm ?=NDv= =Q 1 CU=}U CmQW |Dkw

=Q xOvwWO}OHD =} 2 CU=}U CmQW |Dkw - xOvwW O}OHD Cv=t[ �2 CU=}U
pwYLt C}i}m R= |QDy@ |krD =yv; =Q} R "O@=}|t Q}}eD u=} QDWt Q=DiQ 'Ovm|t P=ND=
'u}=Q@=v@ "Ci=} Oy=wN Vy=m =yv; |=yxv} Ry xm Ovvm|t T=UL= w CW=O Ovy=wN
O}OH Q}O=kt "Ow@ Oy=wN Cw=iDt 1 CU=}U x@ C@Uv Cv=t[ COt w Ct}k VWm

"CU= xOW OQw;Q@ 5 pwOH KQW x@ Cv=t[ COt w Ct}k VWm
CU=}U u}= x@ \w@ Qt \@=wQ =@ ?U=vDt CU=}U u}= QO xr�Ut hOy `@=D
O}=@ 'Ovvm|t Ci=} QO Cv=t[ C=tON xm |}=y|@=QN w =yCUmW O=OaD OQwt QO
CmQW |Dkw GAMS Q=Ri=sQv xr}Uw x@ pOt pL R= xOt; CUO x@ G}=Dv "O@=} Q}}eD

COt |=Q@ "OvQ=O |]UwDt C}U=UL u}ovU C=@U=Lt w |Q=O= u=} QDWt w OvQ=O
'=y|Q=O= 'u}ovU C=@U=Lt =@ u=} QDWt %CU= u}vJ C}U=UL ?}DQD Cv=t[

"|ov=N u=} QDWt C}=yv QO w |}xv=}=Q |=y|R=@ u=Q@ Q=m
Q} R� CPU pt=W (n = 5) sDU}U Q} R =} |rY= <RH GvB |=Q=O pwYLt Qy
|rY= OQ)@ '�III sDU}U Q} R� u=wD sDU}UQ} R '�II sDU}U Q} R� x_i=L '�I sDU}U
'3 '2 O=OaD ?}DQD x@ s=Om Qy |=Q@ xm �V sDU}U Q} R� QoW}=tv w �IV sDU}U Q} R�
pwOH QO C=a]k x@ \w@ Qt C=aq]= "OQ=O OwHw ?=NDv= |=Q@ C=a]k 3 w 3 '2
|@=QN w CUmW |=yMQv 2 pwOH 5 w 4 |=yuwDU QO "CU= xOW xO=O u=Wv 2
Cv=t[ COt OL=w ?}DQD u}O@ w xOW xO=O u=Wv xy=t xU |xR=@ l} |=Q@ C=a]k
|@=QN MQv 'OvDUy |m}vwQDmr= C=a]k |xty xmu}= p}rO x@ u}vJty "CU= x=t xU
|xv} Ry "CU= x=t xU Qy QO �SRij = 0=002; 8i; j Q@=Q@ w CU= u=Um} =yv;

"CU= xOW xDiQo Q_v QO =yv; O}rwD |xv} Ry Q@=Q@ =ysDU}U Q} R Z} waD
'Q@=Q@ KII C@=F Q=Okt "OyO|t u=Wv =Q CqwYLt C=aq]= 3 pwOH
|=Q@ xOW ?=NDv= |=yxv} Ro CNF |xawtHt ,=vt[ "CU= KIIk = 3;8 k
Qy O}rwD u=R}t |wQ Q@ |D}OwOLt Q[=L p=L QO "OyO|t u=Wv =Q pwYLt Qy
R= xO=iDU= p}rO x@ CqwYLt pm O}rwD |wQ Q@ C}OwOLt =t= 'OQ=Ov OwHw pwYLt

20



1/
1|

xQ=t
W'

36
�1

|xQ
wO'

�13
99
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w`}
=vY

|U
Ovyt "1 CU=}U =@ xr�Ut pL G}=Dv "4 pwOH
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"2 CU=}U |=Q@ CqwYLt C=aq]= "5 pwOH
� � pwYLt

1 62 0 31 A

1 6 0 33 B

1 65 0 35 C
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xm CU= |y}O@ "CU= xOW xO=O u=Wv 6 pwOH QO 'Ovm ?=NDv= =Q 2 CU=}U
u}= =@ "Ovm|tv Q}}eD hrDNt Cq=L QO sDU}U |Q}oQ=Qk Cq=tDL= x@ \w@ Qt Q}O=kt
"Ovm|t =O}B Vy=m |O=} R u=R}t x@ 1 CU=}U x@ C@Uv hOy `@=D Q=Okt CU=}U
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1 2 3 4 5 6 A
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"CU= 'xHwD p@=k =t= 'QDtm |r}N Ct}k x@ C@Uv Cv=t[

O}rwD C}iQ_ |wQ Q@ C}U=UL p}rLD "4"2"4
OwHw x@ C=O}rwD pm u=R}t |=Q@ `@=vt C}OwOLt CU= umtt |irDNt p}qO x@
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u=Wv xOt; CUO x@ G}=Dv "CU= xOW s=Hv= |rY= |=yQDt=Q=B |wQ Q@ C}U=UL
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"CU= ?wN ^=Lr u}= R= =y?=wH
'pwYLt |xaUwD |xrLQt QO xm Ovm ltm u=oOvvmO}rwD x@ Ov=wD|t xar=]t u}=
|xQwO w Ct}k 'u=v}t]= C}r@=k Ovv=t 'pwYLt l} |rY= |=yQ}eDt |R=Uxv}y@

"OvyO s=Hv= u=tRsy =Q Cv=t[
VN@ C=aq]= R= =yv; Q=Po |=yMQv w Cq=L u}}aD |rOt u}vJ |}=B Q@ |=Q@
QO ,qwY= Cv=t[ w O}rwD |=yxv} Ry w Ov};|t CUO x@ VwQi R= TB C=tON
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"OQ=O uw}UQoQ VwQ R=
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