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u}O@ 'CU= xDiQ Q=m x@ [26]xO}OvUB |xar=]t |xr�Ut h} QaD QO xm |}=yO=tv
%OvDUy Q=Qk

&pwYLt VQ=iU Q=Okt Q

&pwYLt O}rwD MQv P

&pwYLt |=[=kD MQv D

&pwYLt Cr=B C}iQ_ k

&xQwO Qy QO pwYLt ptL C=aiO O=OaD m

&pwYLt Cr=B ptL C@ wv Qy |xv} Ry b

&pwYLt VQ=iU Qy |yO VQ=iU C@=F |xv} Ry A
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[26]xO}OvUB xm xDUUo CQwY x@ VQ=iU p} wLD =@ |O=YDk= O}rwD Q=Okt pOt

"CU= �1� |x]@=Q CQwY x@ 'OQm x�=Q=

MinTC =

8><>:bDk +AD
Q + h

2

�
Q� (Q� k)DP

�
+Dc

9>=>;
s:t: : Q = mk

m � 1
m; k;Qinteger (1)

pOt u}= "CU= |Q=DN=U C}OwOLt wO w s}tYD Q}eDt xU pt=W �1� pOt xm
|x]@=Q pOt "O=O xaUwD �2� |x]@=Q j@=]t u=wD|t ' Q Q}eDt QO mk |Q=Po =H =@ =Q
u=wD|t =Q pOt u}= wQ u}=R= 'CU= C}OwOLt uwO@ w s}tYD Q}eDt wO pt=W �2�

"OQm pL �1� pOt R= QDxO=U Q=}U@

MinTC =

8><>:bDk +A D
mk + hmk

2

�
1� D

p

�
+hDk

2P +Dc

9>=>;
s:t: :

m; k > 0; integer (2)

x�=Q= �2) pOt pL |=Q@ |a} QU Q=}U@ w 'xO=U 'xOvyO Ow@y@ sD} Qwor= 'xt=O= QO
"OwW|t

pL sD} Qwor= "3
|xr�Ut pL |=Q@ |Q=mD@= VwQ l} |}xar=]t QO u=Q=mty w uwQ=@ � R=vOQ=m
u=} QDWt x@ xDUUo CQwY x@ xOW O}rwD |=yq=m p=UQ= =@ |O=YDk= O}rwD Q=Okt
MQv =@ =yq=m '`kwt x@ p} wLD CU=}U =@ |O}rwD sDU}U u}= QO [30]"OvOQm x�=Q=
x@ XNWt |xR=Ov= =@ |}=yxDUO QO C}=yv QO w OvwW|t O}rwD xDUw}B w C@=F
=yq=m O}rwD |=Q@ xHOw@ C}OwOLt xr�Ut u}= QO "OvwW|t xO=O p} wLD u=} QDWt

xOQN Ct}k uOQm xv}y@ |O=yvW}B pOt u}= hOy "Ov=xOW xDiQo Q_v QO |vOW OU=i
OwU uOQm xv}W}@ x@ xHwD =@ O}rwD |xQwO pw] w 'x}rw= O=wt VQ=iU |xQwO 'VwQi

[34]"CU= xQ}HvR pm
OvJ |O=YDk= O}rwD Q=Okt pOt u=Q=mty w |} w '|Oq}t 2011 p=U QO
xDUUo CQwY x@ =yVQ=iU p=UQ= uDiQo Q_v QO =@ =Q xv}W=t lD |rwYLt
=yp=UQ= O=OaD w xDW=@v= |xR=Ov= Q=Okt uOQm =O}B hOy xr=kt u}= QO "OvO=O xaUwD
pkv w ptL w '|Q=Oyov '|R=Ov= x=Q 'O}rwD |=yxv} Ry uOQm xv}tm x@ xHwD =@
VwQ 'nvy=ty |wHDUH sD} Qwor= VwQ xU R= pOt u}= pL |=Q@ =yu; "CU=
',=Q}N= [35]"OvOQm xO=iDU= xDi=} xaUwD VQ@ |xLiY w 'C=QP `=tDH= |R=Uxv}y@
'xOvvm O}rwD 'xOvvm u}t-=D pt=W |L]U xU |OwHwt pOt l} u=Q=mty w p}@ wv
"OvOQm O=yvW}B xDUUo CQwY x@ =yVQ=iU Ci=} QO w p=UQ= =@ =Q xOvvm `} RwD w
"Ovm|t xO=iDU= u}W=t l} R= =yq=m s=tD O}rwD |=Q@ |O}rwD OL=w xar=]t u}= QO
xO=iDU= xDi=} xaUwD l}DvS sD} Qwor= R= xr�Ut u}= pL |=Q@ =yu; C}=yv QO

[36]"OvOQm
'xDUUo CQwY x@ VQ=iU p} wLD =@ |O=YDk= O}rwD Q=Okt pOt 'xr=kt u}= QO
xr�Ut u}= QO "CU= xDiQo Q=Qk |QovR=@ OQwt 'OW x�=Q= [26]xO}OvUB \UwD xm
"Ovm u}t-=D =Q VR=}v OQwt |=yq=m xm OQ=O O=OQ=Qk Q=mv=t}B l} =@ CmQW l}
"Ovm|t p=UQ= CmQW x@ |}=yCr=B CQwY x@ =Q xOW O}rwD |=yq=m Q=mv=t}B u}=
O=OaD w Cr=B Qy |xR=Ov= OQ=O jL |QDWt l} u=wva x@ CmQW xr�Ut u}= QO
VQ=iU s=Hv= |=Q@ |D}OwOLt pOt u}= QO "Ovm u}}aD xQwO Qy QO =Q =yu; p=UQ=
pL =]N w |aU VwQ l} =@ =Q pOt u}= xO}OvUB "OQ=Ov OwHw Q=@v= |=[i w
pt=W xO}OvUB pOt "CU= xOQw; CUO x@ u; |=Q@ pw@k p@=k |@=wH w xOQm
pOt =OD@= QO 'xar=]t u}= QO "CU= |Q=DN=U C}OwOLt wO w s}tYD Q}eDt xU
wO w s}tYD Q}eDt l} xDi=} Ow@y@ pOt u}= QO xm OwW|t xO=O Ow@y@ xO}OvUB
pt=W xDi=} Ow@y@ pOt u}= xH}Dv QO "OwW|t QDtm |r@k pOt x@ C@Uv C}OwOLt
l} =@ xDi=} Ow@y@ pOt u}= TBU "CU= C}OwOLt uwO@ w s}tYD Q}eDt wO
"OwW|t pL CU= sOk Q=yJ pt=W xm QF-wt w `} QU Q=}U@ |xOvyO Ow@y@ sD} Qwor=
xOW pY=L |=y?=wH xm OwW|t xO=O u=Wv hrDNt |=yV}=tR; =@ xH}Dv QO
Ow@y@ =Q u; ?=wH w CU= xO}OvUB VwQ R= QD=Q=m xOvyO Ow@y@ sD} Qwor= u}= R=

"OyO|t
pOt swO VN@ QO "Ov=xOW ?DQt Q} R CQwY x@ xr=kt u}= |=yVN@ |x}k@
QO |O=yvW}B pOt u}= |=Q@ xOvyO Ow@y@ pL sD} Qwor= "CU= xOW u=}@ xDi=} Ow@y@
[26]xO}OvUB |xar=]t QO xm |OOa p=Ft sQ=yJ VN@ QO "CU= xOt; swU VN@
u}= QO u}vJty "OwW|t pL xOvyO Ow@y@ sD} Qwor= u}= R= xO=iDU= =@ CU= xOW u=}@
x@ C@Uv xOvyO Ow@y@ sD} Qwor= u}= |}=Q=m w |HvU Q=@Da= uO=O u=Wv |=Q@ VN@
|Q}oxH}Dv xtD=N QO "CU= xOW xO=iDU= hrDNt V}=tR; 20 R= xO}OvUB pL VwQ

"CU= xOt; sHvB VN@ QO |D; C=k}kLD |=Q@ =yO=yvW}B w

xDi=} Ow@y@ pOt "2
=@ OwN CqwYLt R= |m} O}rwD |=Q@ |DmQW '|O=YDk= O}rwD Q=Okt xr�Ut u}= QO
KQW x@ [26]xO}OvUB \UwD xOW u=}@ |xr�Ut ?wJQ=J "OQ=O \=@DQ= Q=mv=t}B l}
=Q pwYLt Q=mv=t}B "2 CU= XNWt w C@=F pwYLt |=Q@ =[=kD "1 %CU= Q} R
Qy "4 CU= CmQW |xOya Q@ Cr=B Qy ptL |xv} Ry "3 Ovm|t O}rwD C@=F MQv =@
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k =
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p} wLD =@ |O=YDk= O}rwD Q=Okt pOt u}= |=Q@ pL sD} Qwor= |=ysOk u}=Q@=v@
K}LY OOa Q=Okt - pw= sOk %OvDUy Q} R Q=Qk x@ xDUUo CQwY x@ =yVQ=iU
K}LY OOa Q=Okt - swO sOk "OwW|t x@U=Lt �7� xQ=tW |x]@=Q R= k |x}rw=
|}=yv K}LY OOa Q=Okt - swU sOk "OwW|t x@U=Lt �8� xQ=tW |x]@=Q R= m

w k Q}O=kt x@ xHwD =@ - sQ=yJ sOk "OwW|t x@U=Lt �10� xQ=tW |x]@=Q R= k
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u=}@ 3 VN@ QO xm |rL sD} Qwor= w �2� xDi=} xaUwD pOt T=U= Q@ xr�Ut u}= p=L
%OwW|t pL Q} R CQwY x@ 'OW

k |x}rw= K}LY OOa Q=Okt |x@U=Lt - pw= sOk
k =
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r
0=25 + 2bP
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r
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"[26]xO}OvUB p=Ft |OOa C=aq]= "1 pwOH
b P h D A QDt=Q=B
10 2000 200 1000 2000 |OOa Q=Okt

QO =yu; p=UQ= O=OaD w xDUO Qy |xR=Ov= uOQm =O}B xr�Ut u}= hOy "OQ=O OwHw
u=Wv =yu; "CU= |OwHwt sDU}U pm |=yxv} Ry uOQm xv}tm x@ xHwD =@ xQwO Qy
=Q=m Q=}U@ K}LY OOa |]NQ}e |xr�Ut u}= |=Q@ |Q=mD@= VwQ u}= xm OvO=O
"Ovm =O}B |tm Q=}U@ u=tR QO =Q |@U=vt Q=}U@ ?=wH Ov=wD|t w CU= QF-wt w
lJwm |xR=Ov= =@ p�=Ut |=Q@ |Q=mD@= VwQ u}= xm OvO=O u=Wv =yu; xwqa x@
=Q xv}y@ x@ l}ORv w ?U=vt Q=}U@ ?=wH Ov=wD|t �C}OwOLt uwO@ w q=m lD�
R=vOQ=m |Q=mD@= VwQ C}Y=N R= xar=]t u}= QO 'Cra u}ty x@ "OQw; CUO x@
Q=}U@ |xOvyO Ow@y@ sD} Qwor= l} w CU= xOW xO=iDU= [30]u=Q=mty w uwQ=@ �
|O=YDk= O}rwD Q=Okt |xr�Ut u}= \@=w[ w \}=QW x@ xHwD =@ xO=U w `} QU
"CU= xOW O=yvW}B xDUUo CQwY x@ xOvvm u}t-=D R= =yVQ=iU Ci=} QO =@
sD} Qwor= u}= 'CUq=m l} |=Q@ w C}OwOLt uwO@ xDi=} Ow@y@ pOt u}= xm|}=Hv;R=
Ow@y@ pOt u}= QO "Ovm =O}B =Q xv}y@ =} xv}y@ l}ORv ?=wH Ov=wD|t |O=yvW}B
CmQW w OwW|t p=UQ= CmQW x@ xOvvm u}t-=D R= |}=yCr=B \UwD =yq=m xDi=}
Ow@y@ pOt u}= QO "OyO|t p} wLD u=} QDWt x@ C@=F w xDUw}B Qw] x@ =Q =yu;
xHwD =@ xQwO Qy QO =yCr=B p=UQ= O=OaD w Cr=B Qy |xR=Ov= uOQm =O}B hOy xDi=}
x@ xHwD=@ "CU= |Q=Oyov w 'x}yD '|yO VQ=iU 'ptL |=yxv} Ry uOQm xv}tm x@
|U} wvR=@ �3) |x]@=Q CQwY x@ u=wD|t =Q �2� pOt hOy `@=D 'jwi C=L}[wD

%OQm
TC = X + Y +DC (3)

xm
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+ hDk

2P (4)
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+ hmk
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P

�
(5)

. s1
z + s2z R=CU= CQ=@a xm OvQ=O|v=Um}|[=} Q Q=DN=U Y w X CQ=@a wO Qy xm

xO=O u=Wv |O=YDk= O}rwD Q=Okt w |O=YDk= VQ=iU Q=Okt |xO=U |=ypOt QO
z =

q
s1
s2 Q@=Q@ s1; s2 > 0 =@ s1

z + s2z ẁv R= `@=D |=Q@ Q=Okt u} QDtm xm OW
u}=Q@=v@ "CU= f(z) = 2ps1s2 Q@=Q@ `@=D u}= |=Q@ Q=Okt u} QDtm xH}Dv QO [13]"CU=

%O};|t CUOx@ �6� |x]@=Q j@=]t X `@=D |=Q@ Q=Okt u} QDxv}y@

k =
r2bP

h
(6)

|xar=]t T=U= Q@ 'OW=@ xDW=O OwHw ?=wH |=Q@ uOw@ K}LY OOa ZQi xJ=vJ
CUOx@ �7) |x]@=Q R= =Q xv}y@ ?=wH u=wD|t [13]u=Q=mty w =v�wo q � =}UQ=o

%OQw;

k =
�
� 0=5 +

r
0=25 + 2bP

h

�
(7)

xwqa x@ "CU= �u; =@ |w=Ut =}� r R= QDoQR@ K}LY OOa u} QDlJwm dre xm
%O};|t CUOx@ �8� |x]@=Q j@=]t Y `@=D |=Q@ K}LY OOa Q=Okt u} QDxv}y@

m =
�
� 0=5 +

vuuut0=25 + 2DA
k2h
�

1� D
P

�� (8)

%OQm |U} wvR=@ �9� |x]@=Q j@=]t =Q �2� hOy `@=D u=wD|t C}=yv QO
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|OOa |=yV}=tR; "4
|[Qi |OOa p=Ft l} R= xr�Ut pL K} QWD |=Q@ OwN |xr=kt QO [26]xO}OvUB
xm |}=Hv; R= "CU= xOt; �1� pwOH QO xr�Ut u}= C=aq]= xm OQm xO=iDU=
QO Dc Q=Okt R= w= 'CU= C@=F |Q=Okt xQ=wty TC C=@U=Lt QO Dc Q=Okt
w k = 45 xr�Ut |=y?=wH xO}OvUB |xar=]t QO "OQm Q_v hQY C=@U=Lt
`@=D Q=Okt |x@U=Lt |=Q@ xO}OvUB |xar=]t QO "OvOt; CUO x@ Q = 630
Q}O=kt x@ xHwD =@ TC hOy `@=D Q=Okt "CU= xO=O MQ |B}=D x=@DW= l} hOy
OwW|t 37146 825 =@ Q@=Q@ �11� |x]@=Q j@=]t ' Q = 630 w k = 45

"6771 576xv



2 1
|xQ

=tW
'34

�1|
xQwO

'�1
39

7u
=DUt

R�h
}QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "|iO=YD OOa u}}aD |=Q@ =yQDt=Q=B |xR=@ "2 pwOH

b � U(10; 50)
D � U(1000; 3000) A � U(500; 3000) QDt=Q=B

h � U(100; 500) P � U(3000; 7000)

"V}=tR; 20 |OOa C=aq]= "3 pwOH
b P h D A V}=tR;
25 4317 401 2312 2537 1
44 4145 203 1072 2765 2
34 5297 303 2699 818 3
31 5986 150 1010 2912 4
47 3561 457 2358 2081 5
22 4470 484 2516 744 6
41 4337 319 2437 1197 7
41 4939 156 1758 1868 8
26 5129 160 2311 2894 9
33 5265 204 1343 2913 10
33 5253 210 1256 2785 11
13 5040 202 1064 2927 12
32 4966 426 1554 2893 13
42 3488 198 1093 1714 14
48 3357 472 1195 2501 15
16 4496 240 2647 855 16
33 5880 179 2390 1555 17
29 4022 201 1635 2790 18
42 6758 123 1215 2894 19
29 5214 214 1200 2415 20

"|OOa |=yV}=tR; "4 pwOH
OYQO |O=yvW}B sD} Qwor= [26]xO}OvUB VwQ V}=tR;Ow@y@ TC Q TC Q

0 51726 29 253 51726 29 253 1
0 13 32099 53 200 32142 64 210 2

0 30942 64 170 30942 64 170 3
0 31 28346 07 216 28433 62 200 4

0 47119 59 252 47119 59 252 5
0 08 33645 45 133 33672 78 140 6

0 34540 02 204 34540 02 204 7
0 28517 74 255 28517 74 255 8

0 02 37237 32 390 37245 67 400 9
0 26 36637 41 228 36733 47 210 10
0 01 35476 05 210 35481 81 205 11

0 32593 53 200 32593 53 200 12
0 05 54955 91 175 54988 73 168 13
0 15 24963 05 164 25000 41 156 14
0 05 47027 32 140 47049 89 135 15

0 24597 67 216 24597 67 216 16
0 06 31494 71 264 31514 93 276 17

0 35776 92 280 35776 92 280 18
0 009 28138 89 264 28141 39 268 19
0 001 32755 26 190 32755 75 185 20
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= 21418=367

21418 367 Q@=Q@ xOvyO Ow@y@ sD} Qwor= u}= R= xO=iDU= =@ pm xv}y@ |xv} Ry
"CU= 37146 825 Q@=Q@ [26]xO}OvUB |xar=]t QO xOt; CUO x@ ?=wH w OW
OwOL� 15728 458 Q=Okt =@ |@=wH xOW x�=Q= |xOvyO Ow@y@ sD} Qwor= u}= 'u}=Q@=v@
`@=D =@ pOt u}= |=Q@ xO}OvUB pL VwQ x@ C@Uv QDtm |rwB OL=w �QDy@ OYQO 42

"CU= xOQm =O}B pm xv} Ry hOy
sD} Qwor= w xDi=} Ow@y@ pOt |}=Q=m w |HvUQ=@Da= |=Q@ xar=]t u}= QO u}vJty
20 u}= |=yQDt=Q=B Q=Okt "CU= xOW xO=iDU= hrDNt V}=tR; 20 R= |O=yvW}B
u=Wv U pwOH u}= QO "O};|t CUO x@ 2 pwOH R= |iO=YD CQwY x@ V}=tR;
'?rDt Q=Ri= sQv R= xO=iDU= =@ w 2 pwOH x@ xHwD=@ "CU= CN=wvm} `} RwD |xOvyO
V}=tR; 20 u}= "Ot; CUO x@ 3 pwOH CQwY x@ hrDNt |iO=YD V}=tR; 20
QO [26]xO}OvUB |=]N w |aU VwQ w |O=yvW}B sD} Qwor= VwQ wO Qy \UwD
T=U= Q@ "CU= xOW xO=O u=Wv 4 pwOH QO =yu; G}=Dv w pL ?rDt Q=Ri=sQv \}Lt
=Q |QD =Q=m w QDy@ |=y?=wH |O=yvW}B sD} Qwor= xm OwW|t xOy=Wt 3 pwOH G}=Dv
|O=yvW}B sD} Qwor= u}= xH}Dv QO "CU= xOQw; CUO x@ =]N w |aU VwQ x@ C@Uv
u=wD|t Cra u}ty x@ "CU= xO=O Ow@y@ =Q |r@k |=]N w |aU VwQ |=y?=wH
"CU= xO}OvUB VwQ R= QD=Q=m xar=]t u}= QO xOW u=}@ |O=yvW}B sD} Qwor= xm Cio
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xv}tm x@ xHwD=@ xQwO Qy QO p=UQ= C=aiO O=OaD w Cr=B Qy C}iQ_ Q=Okt uOQm =O}B
|Q=Oyov |xv} Ry 'xv=}r=U |x}yD |xv} Ry pt=W � pm |xv=}r=U |=yxv} Ry uOQm
pOt u}= "CU= � xv=}r=U ptL |xv} Ry w 'xv=}r=U |yO VQ=iU |xv} Ry 'xv=}r=U
'xar=]t u}= QO "CU= K}LY OOa |]N Q}e |R} Q xt=vQ@ |xr�Ut l} |O=yvW}B
Ow@y@ QDtm |=yC}OwOLt w s}tYD |=yQ}eDt =@ w xaUwD |r@k |xOW A=J pOt
O=yvW}B xr�Ut u}= ?=wH uOQm =O}B |=Q@ xOvyO Ow@y@ sD} Qwor= l} TBU "Ci=}
A=J pL VwQ x@ C@Uv =Q |QDy@ ?=wH C}i}m |O=yvW}B sD} Qwor= u}= "OW
xOW x�=Q= |r@k |xr=kt QO xm |OOa p=Ft 'wQ u}= R= "OyO|t x�=Q= |r@k |xOW
xO=O u=Wv w OW |QovR=@ |r@k pL VwQ x@ C@Uv u; ?=wH w pL xQ=@ wO Ow@
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