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C}a]ksOa |R=UrOt CyH hrDNt |=yw} Q=vU uDiQo Q_vQO =@ w u=QL@ \}=QW
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uwN Ow@tm u=R}t w |OwHwt u=R}t 'xQ}HvR pm QO uwN u=} QH '|Dkwt =} s�=O uwN
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&t xQwO QO m s�=O RmQt x@ j Ckwt RmQt R= uwN OL=w l} p=kDv= xv} Ry % ~Cjmt
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&Ckwt uwN RmQt l} O=H}= |]}LtCU} R C=Q}F-=D %EF

&QDtwr}m Qy |=R=x@ uwN OL=w l} pkvwptL |]}LtCU} R C=Q}F-=D %ET
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w s�=O Rm =Qt QO =yvD uwN w OQ=Ov OwHw |R=UxQ}NP I}y Ckwt Rm =Qt QO "7

[44w43'33]"OwW|t xQ}NP x=oW}=tR;

pOt |=yO=tv "3"3
=yxawtHt �

&u=oOvvm =Oy= xawtHt %K
&s�=O Rm =Qt xawtHt %M
&Ckwt Rm =Qt xawtHt %J
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j

X
j1
XMjj1t = ert 8t (14)

s}tYD |=yQ}eDt �
CQwYu}= Q}e QO w l} OwW O=H}= m u=mt QO s�=O uwN RmQt l} Qo = %XRm

&CU= QiY
Q}e QO w l} O@=} X}YND t xQwO QO j Ckwt RmQt x@ k xOvvm =Oy= Qo = %yukjt

&CU= QiY CQwYu}=
Q}e QO w l} O@=} X}YND t xQwO QO m s�=O RmQt x@ k xOvvm =Oy= Qo = %Y Rkmt

&CU= QiY CQwYu}=
Q}e QO w l} O@=} X}YND t xQwO QO m s�=O RmQt x@ j Ckwt RmQt Qo = %Rjmt

&CU= QiY CQwYu}=
Q}e QO w l} O@=} X}YND t xQwO QO l x=oW}=tR; x@ m s�=O RmQt Qo = %RTmlt

&CU= QiY CQwYv}=
QO w l} OyO X}YND uwN t xQwO QO u u=DUQ=t}@ x@ l x=oW}=tR; Qo = %RNlut

&CU= QiY CQwYv}= Q}e
& t xQwO QO u u=DUQ=t}@ x@ l x=oW}=tR; R= xOW pkDvt uwN Q=Okt %QNlut

&t xQwO QO l x=oW}=tR; x@ m s�=O RmQt R= xOW pkDvt uwN Q=Okt %Q000mlt
&t xQwO QO k xOvvm =Oy= R= m s�=O RmQt QO xOW |Qw;`tH uwN Q=Okt %Q00mkt

&t xQwO QO m s�=O RmQt x@ j Ckwt RmQt R= xOW pkDvt uwN Q=Okt %Q0jmt
&t xQwO QO k xOvvm =Oy= R= j Ckwt RmQt QO xOW |Qw;`tH uwN Q=Okt %Qjkt

&t xQwO QO R=}v OQwt Ckwt Cq}yUD O=OaD %ert
&t xQwO QO k wQRQ Q}e uwN u=oOvvm =Oy= O=OaD %Xkt

&t xQwO QO k wQRQ uwN u=oOvvm =Oy= O=OaD %Skt
&t xQwO QO m s�=O RmQt QO uwN Ow@tm u=R}t %SHmt
&t xQwO QO l x=oW}=tR; QO uwN |OwHwt K]U %ILlt

&t xQwO QO m s�=O RmQt QO uwN |OwHwt K]U %IHmt
p=kDv= t xQwO QO j1 u=mt x@ w O@=} Q=QkDU= j u=mt QO Ckwt RmQt Qo = %XMjj1t

"CU= QiY CQwYv}= Q}e QO w l} O@=}
pt=W =yxv} Ry u}= "Ovm|t xv}tm =Q uwN u}t=D xQ}HvR |=yxv} Ry '1 hOy `@=D
'uwN Rm =Qt QO u=oOvvm =Oy= uwN |Qw;`tH xv} Ry 'Cq}yUD Q=QkDU= C@=F |=yxv} Ry
xv} Ry '|Dkwt Rm =Qt p=kDv= xv} Ry 'u}t=D xQ}HvR hrDNt Kw]U u}@ pkvwptL xv} Ry
xv} Ry w uwN |Qw;`tH CyH C=mQ=OD xv} Ry 'Ow@tm xv} Ry 'uwN |OwHwt |Q=Oyov

"CU= uwN CtqU CUD
minz1 =

X
t

Fu� ert +
X
m

FRm �XRm
+
X
j

X
k

X
t

~Cjkt �Qjkt +
X
m

X
k

X
t

~Cmkt �Q00mkt

+
X
j

X
m

X
t

~Cjmt �Q0jmt +
X
m

X
l

X
t

~CTmlt �Q000mlt

+
X
l

X
u

X
t

~Cnlut �QNlut +
X
j

X
j1

X
t

~Cvjj1t �XMjj1t

+
X
m

X
t

~CHmt � IHmt +
X
l

X
t

~CHlt � ILlt

+
X
m

X
t

~Qcmt � SHmt +
X
k

X
m

X
t

~Cmt � Skt

+
X
k

X
m

X
t

~C0mt �Xkt +
X
m

X
l

X
t

~Clt �Q000mlt (1)

xv}tm =Q xOW |L=Q] uwN u}t=D xQ}HvR |]}LtCU} R C=Q}F-=D pm '2 hOy `@=D
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Ovyt Tv=W C}OwOLt |R=i |R} Qxt=vQ@ OQm}wQ "4

QO Ovv=wD|t xm OvDUy C}a]ksOa ẁv wO |D=P C}a]ksOa w uOw@ |iO=YD
|R} Qxt=vQ@ R= xO=iDU= =@ =yxO=O C}a]ksOa |v=tR "OvyO MQ |OwQw |=yxO=O
h}YwD |=Q@ |i=m O=tDa= p@=k |N} Q=D |=yxO=O xm OwW|t |R=UpOt |iO=YD
sOa "OW=@ xDW=O OwHw |r=tDL= |=y`} RwD R= xO=iDU= =@ |a]kQ}e |=yQDt=Q=B
|=yxO=O R= |i=m =v C=aq]= w pOt |=yQDt=Q=B j}kO Q}O=kt OQwt QO Vv=O OwHw
OQw;Q@ |=Q@ |i=m |=yxO=O [45]"OwW|t |D=P C}a]ksOa O=H}= Ea=@ |N} Q=D
C}y=t p}rOx@ uwN u}t=D xQ}HvR |a]kQ}e |=yQDt=Q=B p=tDL= `} RwD ?U=vt
|=y`} RwD \UwD C}a]ksOa '|OQ=wt u}vJ QO "OQ=Ov OwHw u; |=} wB w |m}t=v}O
xQ@N u=U=vWQ=m C=Q_v T=U=Q@ |=xkvRwP =} |FrFt |R=i O=Oa= pmW x@ |v=mt=
C} w[a `@=wD w |R=i u=v}t]= ?}=Q[ R= |R=i |R} Qxt=vQ@ QO [46]"O};|t CUOx@
Q@ [47]"OvwW|t xO=iDU= =yQDt=Q=B OQwt QO Vv=O u=Oki =} C}a]ksOa u=}@ |=Q@
|a]kQ}e |=yQDt=Q=B `} RwD R= |i=m Vv=O x@ R=}v xm '|iO=YD OQm} wQ hqN
|N} Q=D C=aq]= x@ QDtm =Q} R 'Ovm|t x�=Q= =Q |QDOt;Q=m pOt |R=i OQm} wQ 'OQ=O
C} w[a xHQO R= |R=i |R=Uxv}y@ xmu}= x@ xHwD =@ u}vJty "CU= xDU@=w
=Q u=mt= u}= u}t=D xQ}HvR u=Q}Ot x@ 'Ovm|t xO=iDU= |a]kQ}e |=yQDt=Q=B |=Q@
x�=Q= =Q |QDQ}PBh=]av= |Q}os}tYD =yQDt=Q=B C} w[a xHQO T=U=Q@ xm OyO|t

[48]"OvyO
u}= QO "OvDUy C}a]ksOa |=Q=O |O=yvW}B pOt |O}rm |=yQDt=Q=B R= |NQ@
|=yVwQ R= OQm} wQ u}= "CU= xOW xO=iDU= Tv=W C}OwOLt |R=i OQm} wQ R= xr=kt
Q}_v |wk |[=} Q s}y=it x}=B Q@ xm CU= =yQDt=Q=B C}a]ksOa Q=yt |=Q@ OQ@ Q=mQB
QO=k =Q xOvQ}os}tYD 'u=mt= w swRr |=yQorta '|R=i OOa l} Q=_Dv= OQwt u}ov=}t

[49]"Ovm pQDvm =Q =yC}OwOLt |R=UxOQw;Q@ xv=Q=m x_i=Lt K]U =D OR=U|t
Q=_Dv= OQwt Q=Okt R= '|a]k pO=at pOt l} x@ |a]kQ}e pOt p}O@D |=Q@
|R=UpOt |=Q@ Nec T=}kt R= w hOy `@=D |a]kQ}e |=yQDt=Q=B |R=UpOt |=Q@
|=xkvRwP |R=i `} RwD R= xmu}= x@ xHwD =@ "OwW|t xO=iDU= Tv=W |=yC}OwOLt
OQwt Q=Okt R= hOy `@=D QO =Pr 'OwW|t xO=iDU= C}a]ksOa |=Q=O |=yQDt=Q=B |=Q@

"CU= xOW xO=iDU= |=xkvRwP |R=i OOa l} Q=_Dv=
|a]kQ}epOt|a]k pO=at 'Tv=WC}OwOLt|R=i|R} Qxt=vQ@ OQm} wQT=U=Q@

[50]%Ow@ Oy=wN Q} R CQwYx@ |O=yvW}B
minE [z1] =

X
t

Fu� ert +
X
m

FRm �XRm

+
X
j

X
k

X
t

4X
r=1

Cjktr
4 �Qjkt+X

m

X
k

X
t

4X
r=1

Cmktr
4 �Q00mkt

(28)

+
X
j

X
m

X
t

4X
r=1

Cjmtr
4 �Q0jmt+

X
m

X
l

X
t

4X
r=1

CTmltr
4 �Q000mlt

+
X
u

X
l

X
t

4X
r=1

Cnlutr
4 �QNlut+

X
j

X
j1

X
t

4X
r=1

Cvjj1tr
4 �XMjj1t

R= Ovv=wD|tv xQwO Qy QO |Dkwt Cq}yUD O=OaD xm OyO|t u=Wv '15 C}OwOLt
"OvW=@ QDW}@ R=Ht OL l}

ert � Pmax 8t (15)

"OyO|t u=Wv =Q Ckwt w s�=O Rm =Qt VWwB `=aW '17 w 16 |=yC}OwOLt
rnjmRjmt � rw 8m; j; t (16)

rumlRTmlt � r 8m; l; t (17)

u=oOvvm =Oy= R= xwQo Qy \UwD xQwO Qy QO xOW =Oy= |=yuwN u=R}t '18 C}OwOLt
"Ovm|t OwOLt =Q s�=O w Ckwt Rm =Qt QOX

j

Qjkt +
X
m

Q00mkt � dkt 8k; t (18)

"OwW xOQw;Q@ =yu=DUQ=t}@ |=[=kD O}=@ xQwO Qy QO xm Ovm|tXNWt 19C}OwOLtX
j

X
m

Q0jmt +
X
m

X
k

Q00mkt =
X
u

~Dut 8t (19)

x@ Ckwt Rm =Qt R= uwN p=kDv= u=tR ẁtHt xm Ovm|t XNWt 20 C}OwOLt
x@ x=oW}=tR; R= uwN p=kDv= u=tR 'x=oW}=tR; x@ s�=O RmQt R= uwN p=kDv= u=tR 's�=O
|w=Ut =} QDmJwm O}=@ s�=O RmQt w x=oW}=tR; QO sRq |D=}rta |=yu=tR w u=DUQ=t}@

"OW=@ uwN |=[kv= M} Q=D
(Tnjt + Tbjmt)Rjmt + TumtXRm + (TPmlt + Tolt)RTmlt
+TrlutRNlut � Tbmax 8j;m; l; u; t

(20)

Rm =Qt QO xQwO Qy QO uwN |OwHwt u=R}t ?}DQDx@ 22 w 21 |=yC}OwOLt
"OyO|t u=Wv =Q =yx=oW}=tR; w s�=O

IHmt = IHm;t�1 +
P
k
Q00mkt +

P
j
Q0jmt

�P
l
Q000mlt + SHmt � SAmt8m; t (21)

ILlt = ILl;t�1 +
X
m

Q000mlt �
X
u

QNlut8l; t (22)

Qy R= |v=tR xQwO Qy QO xOW |Qw;`tH uwN u=R}t '24 w 23 |=yC}OwOLt
"Ovm|t x@U=Lt =Q Ckwt w s�=O RmQt Qy QO xOvvm =Oy=

Q00mkt = 'ktY Rkmt 8m; k; t (23)

Qjkt = 'ktyukjt 8j; k; t (24)

"Ovm|t XNWt =Q wQRQ Q}e w wQRQ u=oOvvm =Oy= '25 C}OwOLt
Xkt + Skt =

X
m

Y Rkmt 8k; t (25)

"Ovvm|t XNWt =Q xr�Ut s}tYD |=yQ}eDt OwOL '27 w 26 |=yC}OwOLt
XMjj1t;XRm; yukjt; Rjmt; RTmlt;
RNlut; Y Rkmt 2 f0; 1g 8j; k;m; l; u; t (26)

Qjkt; Q0jmt; Q00mkt; QNlut; Q000mlt; ILlt; IHmt; SHmt;

ert; Skt; Xkt;� 0 8j; k;m; l; u; t
(27)
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Q=mt
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xta
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""|
L=Q]

|=Q@
|[

=}Q
|R=

Uxv
}y@

pOt
l}"OwW|t s=Hv= hOy `@=wD |R=UxJQ=Bm} 40 =D 38 |=yx]@=Q R= xO=iDU= =@ "3 s=o

`@=D u}t=D xHQO �h(v) 'pOt |vOW |=[i F (v) 'u=Q@H ?} Q[ 
 QDt=Q=B
u}t=D xHQO u}}=B OL �0 "OyO|t u=Wv =Q hOy `@=D |@Uv C}ty= 'h w hOy

"OwW|t x@U=Lt (�0 = minh[�h(v)]) CQwYx@ w CU= hOy `@=D
MAX � (v) = 
�0 + (1� 
)

X
h

'h�h (v) (38)

�0 � �h (v)h = 1; 2; 3 (39)

v 2 F (v) ; �0 ; 
 2 [0; 1] (40)

|OOa G}=Dv "6
QyW QO |OQwt xar=]t l} '|O=yvW}B pOt |HvU Q=@Da= Qw_vtx@ VN@ u}= QO
s=Hv= pOt |=yQDt=Q=B x@ C@Uv hOy `@=D C}U=UL p}rLD =yDv= QO w |UQQ@ R=Q}W
"CU= xOW|U} wvOm GAMS 24:1:2 Q=Ri= sQv QO xOW x�=Q=|[=} Q pOt "OwW|t

|OQwt xar=]t "1"6
|@yPt QyW u}twU w u=w=Qi |QoWOQo x@P=H =@ u=Q}= |=yQyW uqm R= |m} R=Q}W
w nQR@ QyW u}tHvB R=Q}W "CU= u=Q}= ?wvH QO `k=w TQ=i u=DU= RmQt w u=Q}=
R=}v Crax@ [52]"OwQ|t Q=tWx@ QwWm ?wvH QyW u} QDC}atHQB w u=Q}= C}atHQB
|} woNU=B w uwN Ow@tm u=Q@H |=Q@ w |v=tQO Rm =Qt w =yu=DUQ=t}@ QO uwN x@ sQ@t
T=U= Q@ "OUQ|t Q_vx@ |QwQ[ =Q=m uwN u}t=D xQ}HvR l} |L=Q] '=[=kD MQv x@
K]U QO uwN p=kDv= u=tR=U |Q}ovwN |=yC}r=ai 'R=Q}W |Q=t; xt=vr=U C=aq]=
[52]"CU= xOW xO=O u=Wv 2 pwOH QO 1400 =D 1393 |=yp=U |=Q@ R=Q}W QyW
QO 'Ov=xOW hQYvt uwN |=Oy= R= VQ}PB R= Oa@ u}@r]w=O R= |NQ@ xmu}= x@ Q_v
Q@=Q@ uwN u=oOvvm =Oy= w u}OwOQt O=OaD ẁtHt =@ u}@r]w=O O=OaD =yp=U R= |NQ@
Q_vQO Ckwt Cq}yUD Q=QkDU= |=Q@ O}Ov=m u=wvax@ x]kv 7 R=Q}W K]U QO "CU}v
Rm =Qt x@ �Q=}U |=yTw@ wD=� Ckwt Rm =Qt QO xOW =Oy= |=yuwN "CU= xOW xDiQo
s�=O w Ckwt Rm =Qt R= xOW |Qw;`tH |=yuwN TBU "OvwW|t pkDvt s�=O uwN
s=Hv= R= TB w xOW pkDvt |R=tv u=@=}N QO `k=w R=Q}W uwN p=kDv= x=oW}=tR; x@
"OvQ}o|t Q=Qk |v=tQO Rm =Qt w =yu=DUQ=t}@ Q=}DN= QO uwN CtqU V}=tR; CUD
3 pwOH "CU= xOW xDiQo Q_vQO =[=kD \=kv u=wvax@ u=DUQ=t}@ 6 xar=]t u}= QO
xy=t 3 |R} Qxt=vQ@ ji= l} xar=]t u}= QO "OyO|t u=Wv =Q =[=kD x]kv 6 C=aq]=
[53]"OyO|t u=Wv =Q xy=tl} xQwO l} u=tR OL=w Qy w CU= xOW xDiQo Q_v QO

"R=Q}W K]U QO uwN p=kDv= u=tR=U |Q}ovwN C}r=ai "2 pwOH
uwN xOvvm =Oy= O=OaD u}OwOQt O=OaD u}@r]w=O O=OaD p=U

87236 37926 125162 1393
90682 38211 128893 1394
92688 39278 131966 1395
86760 41859 128619 1396
102979 35331 153462 1397
98070 32835 142569 1398
92604 36082 128686 1399
98583 31858 130441 1400

+
X
m

X
t

4X
r=1

CHmtr
4 � IHmt +

X
l

X
t

4X
r=1

CHltr

4 � ILlt

+
X
m

X
t

4X
r=1

Qcmtr
4 � SHmt +

X
k

X
m

X
t

4X
r=1

Cmtr
4 � Skt

+
X
k

X
m

X
t

4X
r=1

C0mtr
4 �Xkt +

X
m

X
l

X
t

4X
r=1

Cltr
4 �Q

000
mlt

min z2

max z3

s:t : (4)� (7) ; (9)� (18) ; (20)� (27)P
t
Fu� ert +

P
m
FRm �XRm

� (1� �)�B2 + (�)�B1
(29)X

j

X
m

Q0mjt +
X
k

X
m

Q00mkt �
X
u

Dut(2)8t (30)X
j

X
m

Q0mjt +
X
k

X
m

Q00mkt �
X
u

Dut(3)8t (31)

w Ovm|t XNWt =Q C}OwOLt uOW xOQw;Q@ u=v}t]= K]U � '29 C}OwOLt QO
"OwW|t xDiQo Q_v QO 1 =D 0 5 u}@ u; Q=Okt

pL VwQ "5
VwQ 'uwr}UB= C}OwOLt VwQ Q}_v |irDNt |=yVwQ xiOyOvJ p�=Ut pL |=Q@
R= 'VywSB u}= QO "OQ=O OwHw |v=tQ; |R} Qxt=vQ@ w |vRw `tH VwQ '`t=H Q=}at
w |@=QD \UwD Q=@ u}DUNv xm OwW|t xO=iDU= |rt=aD |R=i |R} Qxt=vQ@ VwQ l}

%CU= Q} R Q=Qkx@ VwQ u}= C=}rm "CU= xOW x�=Q= 2008 p=U QO [51]|v}YL
`@=D xU |=Q@ (NIS) |ivt p;xO}= pLx=Q w (PIS) C@Ft p;xO}= pLx=Q "1 s=o

&OQm u}}aD 34 =D 32 CqO=at j@] u=wD|t =Q hOy
zNIS1 = max z1 ; zPIS1 = min z1 (32)

zNIS2 = max z2 ; zPIS2 = min z2 (33)

zNIS3 = min z3 ; zPIS3 = max z3 (34)

&OwW|t u}}aD Q} R CQwYx@ hOy `@=D Qy |=Q@ |]N C} w[a `@=D "2 s=o

�1 (Z1) =

8>><>>:
1 if Z1 < ZPIS1
ZNIS1 �Z1

ZNIS1 �ZPIS1
if ZPIS1 � Z1 � ZNIS1

0 if Z1 > ZNIS1

(35)

�2 (Z2) =

8>><>>:
1 if Z2 < ZPIS2
ZNIS2 �Z2

ZNIS2 �ZPIS2
if ZPIS2 � Z2 � ZNIS2

0 if Z2 > ZNIS2

(36)

�3 (Z3) =

8>><>>:
1 if Z3 > ZPIS3
Z3�ZNIS3

ZPIS3 �ZNIS3
if ZNIS3 � Z3 � ZPIS3

0 if Z3 < ZNIS3

(37)
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=vY

|U
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CND O=OaD u=DUQ=t}@ ẁv u=DUQ=t}@ s=v h}OQ
780 |DrwO |R=tv u=DUQ=t}@ 1
45 |YwYN TQ=B u=DUQ=t}@ 2
59 |YwYN Q=} QyW u=DUQ=t}@ 3
224 |DrwO |DWy@ QDmO O}yW u=DUQ=t}@ 4
179 |DrwO x}@v} R u=DUQ=t}@ 5
135 |DrwO u}trUt u=DUQ=t}@ 6

"pOt |=yQDt=Q=B x@ \w@ Qt |=yxO=O "4 pwOH
VRQ= QDt=Q=B VRQ= QDt=Q=B VRQ= QDt=Q=B
63000 EF [30; 150] dkt [10; 60] rnjm

[0 45; 0 5] 'kt 40 r [360; 1440] Tumt
[360; 720] Tnjt 70 rw [20; 90] TPmlt

[5; 90] Trlut [25000; 65000] EBm 1000000000 M

[0 5; 1] � [800; 1000] ~Dut 43200 Tbmax

[20; 60] Tbjmt [1; 60] rllu 10 P max

[1; 30] jo=jo0m [1440; 14400] TOlt [20; 60] ruml

"|a]kQ}e w |a]k \}=QW QO hOy `@=wD Q=Okt "5 pwOH
�

C}a]ksOa \}=QW QO hOy `@=D Q=Okt |a]k \}=QW QO hOy `@=D Q=Okt
z1 z2 z3 z1 z2 z3

0 6 3 05271 E + 10 9 788521 E + 8 80
2 78357 E + 10 9 256157 E + 8 760 8 3 08489 E + 10 9 886578 E + 8 85

0 9 3 15574 E + 10 9 934589 E + 8 91

"pOt pL R= p@k |OQwt xar=]t xm@W "2 pmW

2 '1 Q=}U \=kv 0 6 Q@=Q@ � K]U QO w pw= xQwO QO =yu=DUQ=t}@ |=[=kD "O}=tv
0 9 Q@=Q@ � K]U QO w 4 x]kv |r@k \=kv Q@ xwqa 0 8 Q@=Q@ � K]U QO '7 w
=yu=DUQ=t}@ |=[=kD x@ |} woNU=B CyH 5 x]kv p@k K]U wO \=kv Q@ xwqa R}v

"Ov=xOW xDiQo Q_vQO
K]U V}=Ri= =@ xm Owtv u=}@ u=wD|t 3 pmW w |OOa G}=Dv x@ xHwD =@
V}=Ri= |]}LtCU} R w |a=tDH= '|O=YDk= hOy `@=wD '=yQDt=Q=B C}a]ksOa
xO}O=v =Q |O=yvW}B pOt |=yQDt=Q=B C}a]ksOa u=wD|tv 'u}=Q@=v@ "Ovvm|t =O}B

uwN p=kDv= u=tR=UC}=U R=|ak=w |=yxO=O T=U= Q@ pOt |=yQDt=Q=B QFm = Q=Okt
R= |NQ@ Q=Okt [53]"CU= xOW |Qw;`tH R=Q}W QyW |=yu=DUQ=t}@ w TQ=i u=DU=
Qyv|v=tQyk [6]'2019 p=U QO |@ wka} w |t} Qq Q}_v hrDNt Cq=kt R= R}v =yQDt=Q=B

"CU= xOW xO=O u=Wv 4 pwOH QO [42]2022 |v=@e=@ w [38]2022 u=Q=mty w
Q@ u=oOvvm =Oy= uwN u=R}t w =[=kD 'QDtwr}m ?UL Q@ =yxrY=i pwOH u}= QO
|Qw;`tH w p=kDv= u=tR '?amtQDt ?UL Q@ |]}LtCU} R C=Q}F-=D 'QD}r ?UL

"CU= O=Qi= O=OaD ?UL Q@ |reW |=yCYQi w xk}kO ?UL Q@ =[kv= w uwN
xHwD =@ "OyO|t u=Wv =Q|a]kQ}e w|a]kCr=L QO hOy `@=wD Q=Okt 5 pwOH
w |]}LtCU} R C=Q}F-=D 'sDU}U |=yxv} Ry '� QDt=Q=B Q=Okt V}=Ri= =@ 5 pwOH x@
'pw= "OwW|t xH=wt OQm} wQ wO =@ xOvQ}os}tYD u}=Q@=v@ "Ovm|t =O}BV}=Ri= |a=tDH=
Vy=m =Q � QDt=Q=B K]U |]}LtCU} R C=Q}F-=D w sDU}U |=yxv} RyVy=m Qw_vtx@
'swO "Ovm|t =O}B Vy=m R}v xOW O=H}= |reW |=yCYQi CQwYu}= QO xm OyO
CQwYu}= QO xm OyO V}=Ri= =Q � QDt=Q=B K]U |reW |=yCYQi V}=Ri= Qw_vtx@

"OQm Oy=wN =O}B V}=Ri= |]}LtCU} R |ivt C=Q}F-=D w sDU}U |=yxv} Ry
|OQwt xar=]t xm@W 3 pmW w pOt pL R= p@k |OQwt xar=]t xm@W 2 pmW
xm CU=QmP u=}=W "OyO|t u=Wv =Q � QDt=Q=B hrDNt Kw]U |=R=x@ pOt pL R= Oa@
QDt=Q=B V}=Ri= =@ "CU= xOW xO=O u=Wv l} xQwO =yvD '=[i QO |} wHxiQY p}rOx@
"Ovm|t =O}B V}=Ri= Q=}U Cq}yUD O=OaD =[=kD V}=Ri= x@ |} woNU=B CyH '�
RmQt w CU= xOWv O=H}= |O}OH s�=O RmQt I}y '=[=kD u=R}t x@ xHwD =@ u}vJty
xOQw;Q@ =Q =yu=DUQ=t}@ uwN |=[=kD Ov=wD|t xDi=} Q=QkDU= Ckwt Rm =Qt w OwHwt s�=O
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"t = 1 xQwO QO pOt pL R= Oa@ |OQwt xar=]t xm@W "3 pmW

C}OwOLt |R=i w|a]k |=ypOt QO =[=kD C=Q}}eD x@C@Uv z1 C=Q}}eD "4 pmW
"Tv=W

u=R}t 'pkvwptL V}=Ri= =@ xH}Dv QO "Ci=} Oy=wN V}=Ri= u}t=D xQ}HvR hrDNt
'OyO|t u=Wv 5 pmW xm Qw]v=ty u}=Q@=v@ "O@=}|t V}=Ri= |=xv=Nro |=yR=o Q=WDv=
'6 pmW x@ xHwD =@ "Ci=} Oy=wN V}=Ri= '=[=kD V}=Ri= =@ |]}LtCU} R hOy `@=D
'CU= xDi=} V}=Ri= |a=tDH= hOy `@=D '=[=kD MQv V}=Ri= =@ xm Owtv u=}@ u=wD|t
Ckwt w s�=O Rm =Qt Q=QkDU= x@ R=}v 'xDi=} V}=Ri= |=[=kD uOwtv xOQw;Q@ CyH =Q} R

"Ci=} Oy=wN V}=Ri= |reW |=yCYQi O=OaD u; |B QO xm CU= |QDW}@
xHOw@ "2"2"6

Q}F-=D "CU= xHOw@ OQ=Po@ Q}F-=D hOy `@=wD Q@ Ov=wD|t xm |}=yQDt=Q=B R= Qo}O |m}
=@ "CU= xOW xO=O u=Wv 9 =D 7 |=ypmW QO ?}DQDx@ hOy `@=D 3 |wQQ@ xHOw@
Ckwt Cq}yUD O=OaD u=wD|t xHOw@V}=Ri= =@ xm Owtv u=}@ u=wD|t '7 pmW x@ xHwD
xv} Ry V}=Ri= ?@U Qt= u}= xm OQm T}U=D uwN |=Oy= CyH |QDW}@ |t�=O w
u}t=D xQ}HvR QO Cq}yUD O=OaD V}=Ri= =@ 'Qo}O |wU R= "OwW|t Cq}yUD Q=QkDU=

|a=tDH= C@Ft C=QF= w |]}LtCU} R ?QNt C=QF= 'sDU}U |=yxv} Ry =Q} R 'CiQo
Q_vQO =@ 'Qo}O |wU R= "OvQ=O Q=Qk C}a]ksOa Q}F-=D CLD |=x_Lqt p@=k Qw]x@
w Cq}yUD u=mt T=U=Q@ |irDNt xv}y@ |=y?=wH 'hrDNt u=v}t]= Kw]U uDiQo
x@ xHwD =@ CtqU |=ysDU}U u=Q}Ot 'u}=Q@=v@ "Ot; Oy=wN CUOx@ uwN |=yu=} QH
Ovv=wD|t hrDNt u=v}t]= Kw]U |=R=x@ |a=tDH= w |]}LtCU} R '|O=YDk= `@=wD
=@ C}a]ksOa uDiQo Q_v QO xm CW=O xHwD O}=@ "Ov}=tv Q=}DN= =Q ?=wH u} QDy@
u}t=D xQ}HvR xm@W |=Q@ xOt; CUOx@ KQ] xm OwW|t Ea=@ q=@ u=v}t]= K]U
"OW=@ xv}y@ 'CU= O=} R Q=}U@ =yQDt=Q=B C}a]ksOa xm |}=yCr=L QO |DL uwN

C}U=UL p}rLD "2"6
OQwt xHOw@ w =[=kD hrDNt Q}O=kt x@ C@Uv hOy `@=wD C=Q}}eD 'VN@ u}= QO

"OQ}o|tQ=Qk |@=} RQ=
=[=kD "1"2"6

|=[=kD u=R}t OQ=Po|t hOy `@=wD Q@ |O=} R Q}F-=D xm |O}rm |}=yQDt=Q=B R= |m}
6 =D 4 |=ypmW QO ?}DQDx@ hOy `@=D 3 |wQQ@ uwN |=[=kD Q}F-=D "CU= uwN
R=}v '=[=kD V}=Ri= =@ xm Owtv u=}@ u=wD|t 4 pmW x@ xHwD =@ "CU= xOW xO=O u=Wv
u; T=U=Q@ xm OvwW |Qw;`tH s�=O w Ckwt Rm =Qt QO |QDW}@ uwN u=R}t xm CU=
Ckwt Rm =Qt xm CU= R=}v u}vJty "O@=}|t V}=Ri= uwN |Qw;`tH |D=}rta xv} Ry
QU}t =yu=DUQ=t}@ |=[=kD |R=UxOQw;Q@ =D Ov@=} Q=QkDU= xm@W QO |QDW}@ s�=O w
Kw]U u}@ |QDW}@ uwN u=R}t '=yu=DUQ=t}@ |=[=kD uOwtv xOQw;Q@ CyH "OwW
=yu=DUQ=t}@ w =yx=oW}=tR; 's�=O Rm =Qt 'Ckwt Rm =Qt |va} u}t=D xQ}HvR hrDNt
u}vJty "CW=O Oy=wN |B QO =Q pkvwptL |=yxv} RyV}=Ri= xmCi=} Oy=wN p=kDv=
V}=Ri= =@ "OwW s=Hv= |QDW}@ uwN u=R}t |=Q@ CtqU CUD O}=@ x=oW}=tR; QO
xmQw]v=ty "Ci=} Oy=wN V}=Ri= |O=YDk= hOy `@=D 'sDU}U |D=}rta |=yxv} Ry
Kw]U u}@ xDi=} p=kDv= w xOW |Qw;`tH uwN u=R}t '=[=kD MQv V}=Ri= =@ OW u=}@

134



1 |
xQ=t

W'
40

|xQ
wO'

�14
03

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

"Tv=W C}OwOLt |R=i w |a]k |=ypOt QO xHOw@ x@ C@Uv z2 C=Q}}eD "8 pmW

"Tv=W C}OwOLt |R=i w |a]k |=ypOt QO xHOw@ x@ C@Uv z3 C=Q}}eD "9 pmW

l} R= 'xHOw@ V}=Ri= =@ "OyO|t u=Wv =Q |]}LtCU} R `@=D |wQ xHOw@ Vy=m
x@ QHvt ẁ[wt u}= xm OwW|t QU}t xm@W QO QDW}@ Cq}yUD Q=QkDU= u=mt= wU
Qo}O |wU R= "OW Oy=wN s�=O w Ckwt Rm =Qt T}U=D x@ \w@ Qt Q=WDv= u=R}t V}=Ri=
Q=WDv= u=R}t 'Ci=}Oy=wN Vy=m xm@W QO pm pkvwptL u=R}t xmu}= x@ xHwD =@
x@ xHwD =@ "O@=}|t Vy=m |Q}otWJ u=R}t x@ pkvwptL R= |W=v |=xv=Nro |=yR=o
|R} Qxt=vQ@ ji= pm QO w CU= u}t=D xQ}HvR |D=}rta C=t}tYD R= pkvwptL xmu}=
Q=WDv= V}=Ri= R= QDW}@ pkvwptL Vy=m R= |W=v |} wHxiQY u}=Q@=v@ 'OQ=O OwHw
Q=WDv= u=R}t Vy=m x@ QHvt ẁ[wt u}= w CU= Ckwt w s�=O Rm =Qt T}U=D QF= QO
s�=O Rm =Qt O=OaD 'xHOw@ V}=Ri= =@ '9 pmW x@ xHwD =@ "OwW|t |=xv=Nro |=yR=o
QO xOW O=H}= |reW |=yCYQi O=OaD u; |B QO xm Ci=}Oy=wN V}=Ri= Ckwt w

"O@=}|t V}=Ri= R}v |a=tDH= hOy `@=D w V}=Ri= u}t=D xQ}HvR xm@W

xiOy OvJ |R} Qxt=vQ@ G}=Dv xU}=kt "3"6
"CU= xOW x�=Q= xiOyOvJ |]N |R} Qxt=vQ@ p�=Ut p�L |=Q�@ |awvDt |=yVwQ
w q=@ |Q}PBh=]av= p}rOx@ |R=i |R} Qxt=vQ@ |=yVwQ xRwQt= '=yVwQ u}= u=}t R=
xO=iDU= OQwt xOQDUo Qw]x@ hO�y `�@=wD R= l} Q�y |=[Q= xHQO x@U=Lt C}r@=k
|=yVwQ R= xm (TH) [51]|v}YL � |@=QD VwQ R= VywSB u}= QO [54]"OvQ}o|t
VwQ u}= OQmrta 'VN@ u}= QO "CU= xOW xO=iDU= 'CU= |rt=aD |R=i |R} Qxt=vQ@
(LH) nv=wy w |r VwQ pt=W Qo}O QwyWt |rt=aD |R=i |R} Qxt=vQ@ VwQ wO =@

"CU= xOW xU}=kt [56]'(SO) u=y=Q=mRw= w s}rU VwQ w [55]

C}OwOLt |R=i w|a]k |=ypOt QO =[=kD C=Q}}eD x@C@Uv z2 C=Q}}eD "5 pmW
"Tv=W

C}OwOLt |R=i w|a]k |=ypOt QO =[=kD C=Q}}eD x@C@Uv z3 C=Q}}eD "6 pmW
"Tv=W

C}OwOLt |R=i w|a]k |=ypOt QO xHOw@ C=Q}}eD x@C@Uv z1 C=Q}}eD "7 pmW
"Tv=W

X}YND u=mt= =Q} R 'O@=}|t Vy=m |Q}otWJ CQwYx@ pkvwptL xv} Ry uwN
QO =yx=oW}=tR; x@ s�=O Rm =Qt X}YND u}vJty w QDm}ORv s�=O Rm =Qt x@ Ckwt Rm =Qt
Ov=wD|t pkvwptL xv} Ry Vy=m xmu}= x@ xHwD =@ "OW Oy=wN QU}t QDx=Dwm pY=wi
xHOw@ V}=Ri= =@ u}=Q@=v@ 'O}=tv u=Q@H =Q Cq}yUD Q=QkDU= xH}Dv QO xv} Ry V}=Ri=
w V}=Ri= Q}F-=D 8 pmW "Ci=} Oy=wN Vy=m sDU}U |=yxv} Ry 'Cq}yUD Q=QkDU=
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pOt
l}"|a]kQ}e w |a]k \}=QW QO hOy `@=wD Q=Okt "6 pwOH

pL VwQ �
C}a]ksOa \}=QW QO hOy `@=D Q=Okt |a]k \}=QW QO hOy `@=D Q=Okt
z1 z2 z3 z1 z2 z3

TH

0 6 3 05271 E + 10 9 788521 E + 8 80
2 78357E + 10 9 256157E + 8 760 8 3 08489 E + 10 9 886578 E + 8 85

0 9 3 15574 E + 10 9 934589 E + 8 91

SO
0 6 3 16257 E + 10 9 828451 E + 8 76 2 81345 E + 10 9 344576 E + 8 700 8 3 20746 E + 10 9 879813 E + 8 81
0 9 3 31549 + E10 9 944592 E + 8 87

LH

0 6 3 19519 E + 10 9 862785 E + 8 74
2 83761E + 10 9 487849 E + 8 730 8 3 23719 E + 10 9 926514 E + 8 78

0 9 3 27671 E + 10 9 98742 E + 8 83

"pL |=yVwQ xU}=kt "7 pwOH
RSD d3 d2 d1 pL VwQ
0 213 0 185 0 198 0 309 LH

0 203 0 168 0 175 0 292 SO

0 186 0 125 0 167 0 274 TH

"CU= hOy `@=wD xHQO u} QDtm minh(�h(v)) w hOy `@=wDC} w[a xHQO Q=Okt
RSD = maxh (�h (v))�minh (�h (v)) (48)

xOW QmP XN=W wO T=U=Q@ =Q pL |=yVwQ xU}=kt R= pY=L G}=Dv 7 pwOH
w xrY=i XN=W Q_v R= TH VwQ 'xOt; CUOx@ G}=Dv T=U=Q@ "OyO|t u=Wv
SO VwQ u}vJty "CU= QDy@ LH w SO VwQ wO Qy R= C}=[Q xHQO XN=W
xHwD O}=@ "CU= QDy@ LH VwQ R= C}=[Q xHQO XN=W w xrY=i XN=W Q_v R=
uR=wD xOW O}rwD |=y?=wH 'OW=@ QDW}@ C}=[Q xHQO XN=W xJ Qy xm CW=O
Oy=wN OwHwx@ |QDW}@ Cw=iD hOy `@=wDC} w[a xHQO u}@ wCW=OOvy=wN |QDtm

"Ot;

|D} Q}Ot Vv}@ "7
Q=tWx@ QwWm ?wvH QyW u} QDC}atHQB w u=Q}=C}atH QB w nQR@ QyW u}tHvB R=Q}W
R=}v u}vJty w R=Q}W QyW K]U QO uwN Ow@tm w |Q=Q][= \}=QW Crax@ "OwQ|t
Ow@tm u=Q@H |=Q@ w |v=tQO Rm =Qt w =yu=DUQ=t}@ QO u; |=yxOQw;Qi w uwN x@ sQ@t
|QwQ[ =Q=m w Q=O}=B uwN u}t=D xQ}HvR l} |L=Q] '=[=kD MQv x@ |} woNU=B w uwN
R= |NQ@ 'pOt pL R= pY=L G}=Dv w xOW |L=Q] pOt T=U=Q@ "OUQ|t Q_vx@

%Owtv u=wva Q} R CQwYx@ u=wD|t =Q xr=kt u}= |D} Q}Ot |=yVv}@ u} QDsyt
Q=R@= l} 'uwN u}t=D xQ}HvR xm@W |L=Q] |=Q@ |[=} Q |R} Qxt=vQ@ R= xO=iDU= �
hQY =@ =D OyO|t Q=Qk CtqU VN@ u=R} Qxt=vQ@ w u=Q}Ot Q=}DN= QO =Q ?U=vt
"OvW=@ xDW=O =[=kD j]=vt x@ |v=UQuwN QO =Q OQmrta u} QDy@ OwOLt |=yxv} Ry
CtqU |=ysDU}U xRwL QO |reW |=yCYQi |a=tDH= Oa@ uDiQo Q_v QO =@

hOy `@=wD |R=UxJQ=Bm} 43 =D 41 |=yx]@=Q R= xO=iDU= =@ 'LH VwQ QO
u}t= h C} w[a xHQO u}}=B OL �0 \@=wQ u}= QO "OwW|t s=Hv= Q} R CQwYx@

"OwW|t x@U=Lt (�0 = minh [�h (v)]) CQwYx@ w CU= hOy `@=D
MAX � (v) = �0 + �

X
h

'h�h (v) (41)

s:t �0 � �h (v)h = 1; 2; 3 (42)

v 2 F (v) ; �0 2 [0; 1] (43)

CQwYx@ hOy `@=wD |R=UxJQ=Bm} 46 =D 44 |=yx]@=Q R= xO=iDU= =@ SO VwQ QO
"OwW|t s=Hv= Q} R

MAX � (v) = 
�0 + (1� 
)
X
h

'h�h (44)

s:t �0 + �h � �h (v)h = 1; 2; 3 (45)

v 2 F (v) ; 
; �h; �0 2 [0; 1] (46)

QmP VwQ xU R= xO=iDU= =@ xiOyOvJ |[=} Q pOt pL R= pY=L G}=Dv '6 pwOH
QO [51]|v}YL � |@=QD VwQ 'OwW|t xOy=Wt xmQw]v=ty "OyO|t u=Wv =Q xOW
hOy `@=D xU Qy |=Q@ |QDy@ |=y?=wH x@ QHvt |a]kQ}e w |a]k Cr=L wO Qy

"OW Oy=wN
xHQO w xrY=i XN=W pt=W xOW QmP |=yVwQ |@=} RQ= |=Q@ XN=W wO
u}}aD w xrY=i |Q}oxR=Ov= |=Q@ 'xrY=i XN=W "CU= xOW xO=iDU= R}v C}=[Q
XN=W "OQ}o|t Q=Qk xO=iDU= OQwt p;xO}= pLx=Q x@ C@Uv pLx=Q Qy |m}ORv xHQO
`@=D |@Uv C}ty= 'h xm CU= QmP u=}=W [51]"O};|t CUOx@ 47 x]@=Q R= xrY=i
"CU= xrY=i QDt=Q=B u=wD xOvyOu=Wv p w s=h hOy `@=D u}t=D xHQO �h(v) 'hOy

dp (v) =

"X
h

'hp(1� �h (v))p
#1=p

; p � 1and integer: (47)

=@ =Q h=Oy= C} w[a xHQO u}@ Cw=iD QFm =OL '(RSD) C}=[Q xHQO XN=W
u} QDW}@ maxh(�h(v))xm CU= |y}O@ [51]"Ovm|t x@U=Lt 48 x]@=Q R= xO=iDU=
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Ovyt |UQQ@ |=Q@ "CU= xOW xO=iDU= 'TH VwQ '|rt=aD |R=i |R} Qxt=vQ@ VwQ l}

|wQQ@ C}U=UL p}rLD "OW xO=iDU= |OQwt xar=]t l} R= |O=yvW}B pOt |}=Q=m
|O=yvW}B pOt pL R= pY=L G}=Dv 'u=}=B QO "OW s=Hv= R}v xHOw@ w =[=kD |=yQDt=Q=B
xU}=kt C}=[Q xHQO w xrY=i XN=W 2 T=U=Q@ |R=i |R} Qxt=vQ@ VwQ wO =@

"OW
C}a]ksOa K]U V}=Ri= =@ xm Owtv u=}@ u=wD|t |OOa G}=Dv x@ xHwD =@
|=[=kD x@ |} woNU=B CyH xm@W QO xDi=} Q=QkDU= uwN Cq}yUD O=OaD '=yQDt=Q=B
|]}LtCU} R w|a=tDH= '|O=YDk=hOy `@=wD Q}O=ktu}vJty "O@=}|tV}=Ri= uwN
uDiQo Q_v QO =@ 'Qo}O |wU R= "Ovvm|t =O}B V}=Ri= C}a]ksOa K]U V}=Ri= =@
w Cq}yUD u=mt T=U=Q@ |Dw=iDt xv}y@ |=y?=wH 'hrDNt C}a]ksOa Kw]U
Ovv=wD|t CtqU |=ysDU}U u=Q}Ot 'u}=Q@=v@ "Ot; Oy=wN CUOx@ uwN |=yu=} QH

"Ov}=tv Q=}DN= =Q ?=wH u} QDy@ u=v}t]= K]U w hOy `@=D Q}O=kt x@ xHwD =@
wSO 'TH VwQ xU R= xO=iDU= =@ xiOyOvJ |[=} Q pOt pL R= pY=L G}=Dv
|]}LtCU} R '|O=YDk= `@=wD |=Q@ =Q |QDy@ ?=wH TH VwQ xm OyO|t u=Wv LH

w xrY=i XN=W Q_v R= TH VwQ OQmrta 'u}vJty "Ovm|t O}rwD |a=tDH= w
"CU= QDy@ VwQ wO Qy R= C}=[Q xHQO XN=W

Rm =Qt O=OaD '=[=kD V}=Ri= =@ xm OyO|t u=Wv C}U=UL p}rLD R= pY=L G}=Dv
|QDW}@ uwN u=R}t |Qw;`tH u=mt= =D Ov@=}|t Q=QkDU= xm@W QO |QDW}@ s�=O wCkwt
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