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Oy=wN |R} Qxt=vQ@ 'OwW|t xO=O xaUwD p@k xrLQt QO xJv; pO=at |]N pOt

"OW

|]NQ}e |R} Qxt=vQ@ pOt "1"4
|O=yvW}B |[=} Q pOt 'p@k VN@ QO xOW h}YwD |=yO=tv w C=}[Qi x@ xHwD =@

%R= CU= CQ=@a xr�Ut pL |=Q@

MaxZ1 = p:St � (
X
t>0

(At + C:
X
�;f

Qt�f + h:It

+(1� ~�):�:Bt + ~�::Bt +
X
�;f

(TA� f :df :Xt� f )

~�:SV:It)) (2)

MinZ2 =
X
t>0

(
X
�;f

(G� f :df :Xt� f)

+GD:((
X
�;f

~��;f :Qt� f ) + ~�:It)) (3)
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"""u
}t=D

|xQ
}HvR

|v=m
t=|

R}Qx
t=vQ@

pOtOv}=Qi " = Qt + (1 � ~�):I(t�1) w � = ~Dt + ~�:B(t�1) xm |Qw]x@
"OQ}PB|t s=Hv= s=o xU QO jwi |]N xmDxmD `@=D |R=U|]N

|=yQ}eDt w Yt 1 w QiY |=yQ}eDt h} QaD =@ pm VwQi s=o u}= QO %pw= s=o
%OwW|t p}O@D Q} R CQ=@a x@ Q00t w Q0t |ivtQ}e

St = Q0t + (1� ~�):I(t�1):Yt + ( ~Dt + ~�:B(t�1)):(1� Yt)
8t (19)

%OwW xi=[= |[=} Q pOt x@ O}=@ Q} R |=yC}OwOLt ?}DQD u}= x@
Q0t � ( ~Dt + ~�:B(t�1) � (1� ~�):I(t�1)):Yt t8 (20)

( ~Dt + ~�:B(t�1) � (1� ~�):I(t�1)):(1� Yt) � Q00t
�M:(1� Yt) 8t (21)

Q0t +Q00t = Qt 8t (22)

CqO=at� QOB(t�1):Yt w I(t�1):Yt |@ Q[ |=yCQ=@ap}O@D Qw_vtx@ %swO s=o
CQwYx@ ?}DQDx@ wt w ft |ivtQ}e Q}eDt wO '|]N C=Q=@a x@ �21 =D 19
19 CqO=at u}=Q@=v@ "OwW|t h} QaD wt = B(t�1):Yt w ft = I(t�1):Yt

%OvwW|t u} Ro}=H 25 =D 23 CqO=at =@ 21 =D
St = Q0t + (1� ~�):ft + ~Dt:(1� Yt)

+ ~�:B(t�1) � ~�:wt 8t (23)

Q0t � ~Dt:Yt + ~�:wt � (1� ~�):ft 8t (24)

(1� Yt): ~Dt + ~�:B(t�1) � ~�:wt � (1� ~�):I(t�1)

+(1� ~�):ft � Q00t � M:(1� Yt) 8t (25)

Q} R |]N C}OwOLt wO =@ u=wD|t R}v =Q ft = I(t� 1):Yt |]NQ}e CQ=@a
%OQm u} Ro}=H

�Yt:M � ft � Yt:M 8t (26)

I(t�1) � (1� Yt):M � ft � I(t�1) + (1� Yt):M 8t (27)

Q} R |]N CQ=@a wO R= xO=iDU= =@ x@=Wt Qw]x@ R}v wt = B(t�1):Yt CQ=@a
%CU= |v} Ro}=H p@=k

�Yt:M � wt � Yt:M 8n (28)

B(t�1) � (1� Yt):M � wt � B(t�1) + (1� Yt):M 8t
(29)

OW u=}@ |]N C=Q=@a ?ULQ@ St 't xQwO QyQO pm VwQi jwi s=o wO QO
|O=OaD R}v w (Yt; Q`t; Q`0t; ft; wt) |mtm Q}eDt |O=OaD xD@r= "�23 |xrO=at�
Ot;QO "CU= xOW xi=[= |[=} Q pOt x@ �29 =D 22 |=yC}OwOLt� C}OwOLt
(p) VwQi Ct}k ?Q[ R= OwW|t xO=O u=Wv Rt =@ xm t |v=tR xQwO QO pm
u}= x@ "Rt = p:St Qo}O CQ=@ax@ 'O};|t CUO x@ (St) VwQi Q=Okt QO
't xQwO QO pm Ot;QO 'OW=@ C@=F |QDt=Q=B (p) pwYLt VwQi Ct}k Qo = ?}DQD
QO "O@=}|t u=}=B =Hu}ty QO |R=U|]N C=}rta w CU= |]N |DQ=@a (p:St)

|xrO=at j@] (p) pwYLt VwQi Ct}k 'Q=DWwv u}= QO xar=]t OQwt |xr�Ut

"CU= QiY Q@=Q@ |yO VQ=iU |xv} Ry Q=Okt (Qt = 0) u=oOvvm u}t-=D \UwD
%OQ=O Cr=L wO CU= xOW xO=O u=Wv At =@ xm t xQwO QO |R=UQB R=@ |xv} Ry TB
QiY Q@=Q@ Qt = 0 Qo = "2 w CU= A > 0 C@=F Q=Okt Q@=Q@ Qt > 0 Qo = "1

"CU=
Qy QO pwYLt VQ=iU Q=Okt xm OQ=O ẁ[wt u}= Q@ CrqO '8 C}OwOLt
x}rkv p}=Uw `=wv= xty j} Q] R= xm CU= |tr=U pwYLt OL=w O=OaD Q@=Q@ xQwO
OQwt |v=Uv= |wQ}v O=OaD h} QaD |=Q@ 9 C}OwOLt "OwW|t ptL VwQixOQN x@
xm CU= u}= ut[Dt 10 C}OwOLt "OW xDiQo Q_v QO HUt 'Ow} QB Qy QO R=}v
|w=Ut =} QDlJwm 'OwW|t ptL x}rkv p}=Uw R= s=Om Qy \UwD xm |rwYLt Q=Okt
p}=Uw O=OaD xm CU= u}= |xOvyOu=Wv R}v 11 C}OwOLt "CU= xr}Uw u; C}iQ_
"CU= QDtm x}rkv |xr}Uw ẁv u; TQDUOQO O=OaD R= � ẁv R= xOW xDiQoQ=m x@ x}rkv
|=yC}OwOLt� OvR=U|t uWwQ =Q s}tYD |=yQ}eDt ẁv 13�12 |=yC}OwOLt

"�Ctqa

|[=} Q pOt |R=U|]N "2"4
u}= QO "OQ=O OwHw |]NQ}e CQ=@a |O=OaD jwi xDi=} xaUwD |[=} Q pOt QO
xaUwD jwi pOt pO=at |]N pOt '|R=U|]N |=yl}vmD R= xO=iDU= =@ VN@
|=yxDU@ R= xO=iDU= =@ =Q |v=yH xv}y@ ?=wH u=wD@ u; |xr}Uwx@ =D OwW|t xO=O

"OQw; CUO x@ |R=Uxv}y@ |Q=Ri=sQv
Q}O=kt Ovv=wD|tv u=tRty Bt w It Q}eDt wO xm CU=vat u}O@ 6 C}OwOLt
wO xHQO R= xm C}OwOLt u}= Q} R C}OwOLt wO R= xO=iDU= =@ "Ovvm P=ND= C@Ft

%OwW|t p}O@D |]N C=Q=@a x@ 'CU=
Bt �M:Nt 8t (14)

It �M:(1�Nt) 8t (15)

h} QaD u}vJ w CU= 1 w QiY Q}eDt l} Nt;t = 1; :::; T jwi CqO=at QO
%OwW|t

Nt =

8<:1 It = 0
0 Bt = 0

8t (16)

Q=Okt uOw@ C@Ft CQwY QO \ki |R=UQB R=@ |xv} Ry xQwO l} QO |rm Qw]x@
u=wD|t =Q |yO VQ=iU |xv} Ry �7 C}OwOLt� OwW|t p}tLD sDU}U Q@ VQ=iU
C}OwOLt w CU= 1 w QiY Q}eDt l} Vt xm OQm h} QaD At:Vt |]N CQ=@a =@

%OW=@ Q=QkQ@ O}=@ Q} R
Vt
M
� Qt �M:Vt (17)

Q@=Q@ CQwY u}= Q}e QO w CU= l} Q@=Q@ Vt Q}eDt Qt > 0 Qo = 17 CQ=@a QO
"CU= QiY

VwQi pm `k=w QO "CU= 18 xrO=at j@=]t t |v=tR Ow} QB QO VwQi pm Q=Okt
|OwHwt w (Dt + ~�:B(t�1)) C=H=}DL= xv}tm Q=Okt =@ CU= Q@=Q@ xQwO Qy QO

%(Qt + (1� ~�):I(t�1)) CUO QO

St = minfA;Bg =

8<:Qt + (1� ~�):I(t�1); � �  
~Dt + ~�:B(t�1); � <  

(18)
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xQ=t
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33
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|xQ
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�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt s:t:

Qt + (1� ~�):I(t�1) � ~Dt � ~�:B(t�1) = It �Bt 8t (39)

Bt �M:Nt 8t (40)

It �M:(1�Nt) 8t (41)

Vt
M
� Qt �M:Vt 8t (42)

St =
X
k

Stk 8t (43)

Sk�1:ttk � Stk � Sk:ttk 8k; t (44)X
k

ttk = 1 8t (45)

St = (Q0t + (1� ~�):ft + ~Dt:(1� Yt)
+ ~�:B(t� 1)� ~�:wt) 8t (46)

Q0t � ~Dt:Yt + ~�:wt � (1� ~�):ft 8t (47)

(1� Yt): ~Dt + ~�:B(t�1) � ~�:wt � (1� ~�):I(t�1)

+(1� ~�):ft � Q00t �M:(1� yt) 8t (48)

�Yt:M � ft � Yt:M 8t (49)

�(1� Yt):M � ft � I(t�1) + (1� Yt):M 8t (50)

�Yt:M � wt � Yt:M 8t (51)

B(t�1) � (1� Yt):M � wt � B(t�1) + (1� Yt):M 8t (52)

Q0t +Q00t = Qt 8t (53)

HUt �HU(t�1) = HU+
t �HU�t 8t (54)X

f

Xt� f �X
f

X(t�1)� f = T+
t� � T�t� 8t:� (55)

�t =
X
�;f

(1� ~�� f ):Qt� f 8t (56)

HUt � 1 �
P
�;f Qt� f
HUM

� HUt 8t (57)

Qt� f � CAP� :Xt� f 8t; f; � (58)X
f

Xt� f � T� 8�; t (59)

Xt� f ; HUt;HU+
t ; HU

�
t ; T

+
tv ; T

�
tv � 0; integer 8t; �; f (60)

Nt; Vt; ttk; Yt 2 f0; 1g 8t; k (61)

Qt; Q0t; Q00t ; Qt� f ; It; Bt; St; Stk; ft; wt � 0 8t; �; f; k (62)

|v=mt= |R} Qxt=vQ@ %pL VwQ "5
QO xm |R=i |=yQDt=Q=B =@ 7K}LY OOa \rDNt |]N |R} Qxt=vQ@ pOt pL |=Q@
Rv}tN QO xJv; Q}_v |v=mt= |R} Qxt=vQ@ |=yOQm} wQ 'OW xO=O xaUwD p@k VN@
uOQm |R=i|O |=Q@ VwQ u}= QO "CU= ?U=vt [39]'xOWx�=Q= �2007�u=Q=mty w
xO=iDU= |R=i O=Oa= �Q=_Dv= OQwt xR=@� w �Q=_Dv= OQwt Q=Okt� s}y=it R= =yQDt=Q=B
Q=Okt 'OW=@ |FrFt |R=i OOa l} |xOvyOu=Wv ~a = (ap; am; ao) Qo = "OwW|t

Ot;QO ?}DQD u}= x@ "CU= |]N xa]k xa]k w VwQi Q=Okt x@ xDU@=w |a@=D 1
%CU= u=}@ p@=k 30 CQ=@a CQwYx@ 't |v=tR xQwO QO pm

Rt = p:St =

8>>>>>>><>>>>>>>:
p1::St SL0 � St < SL1

p2::St SL1 � St < SL2

: : : : : :

pk::St SLk�1 � St < SLk

(30)

CQ=@a pO=at Oa@ s=o QO "CU= xOW h} QaD 23 |xrO=at j@] St u; QO xm
xO=O xaUwD xOt; 30 CQ=@a QO xm Ot;QO |]N xa]k xa]k `@=D |=Q@ |]N

"OW Oy=wN
Q}e |=yQ}eDt w ttk 1 w QiY |=yQ}eDt '30 |xrO=at |R=U|]N |=Q@ %swU s=o
%OwW|t h} QaD u}vJ 33�31 |=yC}OwOLt w OvwW|t h} QaD Stk |]N

St =
X
k

Stk 8t (31)

Sk�1:ttk � Stk � Sk:ttk 8k; t (32)X
k

ttk = 1 8t (33)

Rt =
P
k pk:Stk |]N CQ=@a =@ (Rt) 't|v=tR xQwO QO pm Ot;QO u}=Q@=v@

xO=O xaUwD |R} Qxt=vQ@ pOt QO |]NQ}e CQ=@a u} QN; 'C}=yv QO "OwW|t xrwtQi
C=Q=@a pt=W xm �4 |xrO=at� Z3 `@=D x@ OwW|t \w@ Qt 1�5 VN@ QO xOW
Q}eDt wO R= xO=iDU= =@ jHUt �HU(t�1)j |kr]tQOk CQ=@a "CU= |kr]t QOk

%OwW|t p}O@D |]N C=Q=@a x@ Q} R CQwYx@ HU�t w HU+
t |mtm

jHUt �HU(t�1)j = HU+
t +HU�t (34)

HUt �HU(t�1) = HU+
t +HU�t (35)

|=yQ}eDt h} QaD =@ jPf Xt� f �Pf X(t�1)� f j CQ=@a x@=Wt Qw]x@
pOt 'C}=yv QO "OwW|t p}O@D |]N C=Q=@a x@ T�tv � 0 w T+

tv � 0 |mtm
%CU= u=}@ p@=k Q} R CQwYx@ Q_v OQwt |xr�Ut pL |=Q@ |]N |[=} Q

MaxZ1 =
X
t;k

pk:Stk �X
t>0

(A:Ut

+C:
X
�;f

Qt� f + h:It + (1� ~�):�:Bt

+ ~�::Bt +
X
�;f

(TA� f :df :Xt� f ) + ~�:SV:It) (36)

MinZ2 =
X
t>0

(
X
�;f

(G� f :df :Xt� f )

+GD:((
X
�;f

~�� f :Qt� f ) + ~�:It)) (37)

MinZ3 =
X
t

(HU+
t +HU�t )

+
X
t;�

HT� :(T+
t� + T�t�) (38)
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|xQ
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|v=m
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R}Qx
t=vQ@

pOt

|OOa p}rLD "1"5
w xw}t CavY R= |r=Ft =@ =Q xOW xO=O xaUwD pOt Q=@Da= w |Q}PBOQ@ Q=m xt=O= QO
|L]UwO u}t-=D |xQ}HvR l} p=Ft u}= QO "s}yO|t Q=Qk p}rLD w x} RHD OQwt Q=@xQD
|R} Qxt=vQ@ ji= w RmQtDt |Q}os}tYD =@ xOvvmu}t-=D l} w VwQixQN l} pt=W
Q=Okt xU pt=W xQwO Qy |=[=kD Q=Okt "CU= xHwD OQwt |v=tR xQwO xU pt=W
'13000 '14000� R= Ov=CQ=@a ?}DQDx@ xv=v}@WwN w Cr=L u} QDptDLt 'xv=v}@O@
Qy |=yxv} Ry �1600 '1700 '1800� w �9000 '10000'11000� '�12000
w A = �50000 R= Ov=CQ=@a ?}DQDx@ pwYLt OL=w Qy O} QN w |yOVQ=iU Q=@
x@ R=}v pwYLt OL=w 10Qy VwQi TBU w O} QN |=Q@ \UwDt Qw]x@ C = �50
pwYLt OL=w Qy VwQi Ct}k HUM = 10 |va} CU= |v=Uv= |wQ}v Qiv l}

%CU= Q} R `@=D j@=]t (p)

p =

8>>>><>>>>:
300 0 � St < 5000
280 5000 � St < 10000
250 10000 � St

(67)

|}xv=Nro R=o Q=Okt w ~� = (0 03; 0 05; 0 07) CQwYx@ pwYLt p=wR MQv
GD = 60gr u=R}t x@ xOW OU=i pwYLt OL=w l} `iO R= |W=v xOW QWDvt
I0 = 50 Q@=Q@?}DQDx@ t = 0 x_Lr QO x}rw= Ow@tm w |OwHwt Q=Okt "OW xOR u}tND

"CU= xOW xDiQo Q_v QO B0 = 0 w
Q}Ut� u=wva CLD pw= Q}Ut "OQ=O OwHw VwQixOQN x@ xOvvmu}t-=D Q}Ut wO
Qw@a |rovH xk]vt R= �R@U Q}Ut� =} swO Q}Ut w lWN w sQo xk]vt R= �|v=@=}@
QO =t= CU= |v=@=}@ Q}Ut R= QDW}@ Ovm|t Qw@a povH R= xm |Q}Ut pw] "Ovm|t
=wy x}iYD j} Q] R= R@U Q}Ut QO xOW QWDvt GHG R= |t}_a VN@ Zwa
|rovH w |v=@=}@ Q}Ut pw] "OwQ}t u}@ R= Q}Ut QO OwHwt |y=}o VWwB |xr}Uwx@
�nQR@ w \UwDt 'lJwm � ptL |xr}Uw ẁv xU "CU= QDtwr}m 20 w 15 ?}DQDx@
p}=Uw x@ \w@ Qt C=aq]= "OQ=O OwHw VwQixOQN x@ xOvvmu}t-=D R= q=m ptL |=Q@
R=}v OQwt QoQ=m O=OaD 'GHG Q=WDv= Q=Okt 'C}iQ_ 'ptL |xv} Ry p}@k R= x}rkv
\}=QW p}rOx@ OwW|t xOy=Wt xm u=vJ "CU= xOW xYqN 1 pwOH QO xQ}e w
"CU= R@U Q}Ut QO p=wR MQv R= QDq=@ 1 Q}Ut QO pwYLt p=wR MQv |}=wy w ?;
u}= xOW Ci=} QO VQ=iU� CUO QO |OwHwt pm Q=Okt x@ xHwD =@ xQwO Qy QO
C=H=}DL= pm Q=Okt w �p@k |=yxQwO R= xOv=t |k=@ Q=@v= |OwHwt xwqax@ xQwO
xU ẁkw �xQwO u}= |=[=kD xwqa x@ p@k |=yxQwO R= xOW Ci=TB |=y=[=kD�

%CU= Q}PBu=mt= Cr=L
Ow@tm Cr=L u}= QO "CU= CUO QO |OwHwt pm R= QDtm C=H=}DL= pm Q=Okt "1
Ov=t|t |k=@ Q=@v= QO |OwHwt |Q=Okt xQwO |=yDv= QO w xOw@ QiY Q@=Q@ xQwO

%OwW|t `iO Q} R CQwYx@ SV |xv} Ry =@ u; OYQO ~� xm

SV =

8>>>><>>>>:
30 0 � disposal < 100
25 100 � disposal < 200
10 200 � disposal

(68)

Qy |Q=Oyov |xv} Ry "OwW|t |Q=Oyov Q=@v= QO Oa@ xQwO =D u; |xOv=t}k=@ w
"h = 5� =@ CU= Q@=Q@ xQwO Qy QO pwYLt OL=w

OwW|t xO=O u=Wv I(~a) =@ xm u; Q=_Dv= OQwt xR=@ w E(~a) =@ xm u; Q=_Dv= OQwt
%OwW|t h} QaD u}vJ ?}DQDx@

E(~a) = Ea1 + Ea2
2 = ap + 2am + ao

4 (63)

I(~a) = [Ea1 ; Ea2 ] = [12 (ap + am); 12 (am + ao)] (64)

w l} QDt=Q=B CQwYx@ s}v=wD|t =Q p@k VN@ QO xOW xO=O xaUwD |R=i pOt p=L
H w Ov=|FrFt ẁv R= |R=i |=yQDt=Q=B xty u; QO xm s}vm u=}@ Q} R pmW x@ xDU@

%OQ=O OwHw Cw=iDt hOy `@=D
Min z1 = ~ct1x
: : :

Min zH = ~ctHx

s:t:

~aix � ~bi; i = 1; :::; l
~aix = ~bi; i = l + 1; :::; l
x � 0 (65)

|R=i OOa l} �Q=_Dv= OQwt xR=@� w �Q=_Dv= OQwt Q=Okt� R= xm |i} Q=aD T=U=Q@
pOt 'xOWx�=Q= [39]�2007� u=Q=mty w Rv}tN |xr=kt QO xJv; w OW x�=Q= |FrFt

%Ow@ Oy=wN Q} R CQwYx@ 65 |R=i pOt pO=at xOW |R=i|O |[=} Q
Min z1 = E(~c1)t:x
: : :

Min zH = E(~cH)t:x

s:t:

[(1� �)Eai2 + �Eaix1 ]x � �Ebi2 + (1� �)Ebi1
i = 1; :::; l
[(1� �

2 )Eai2 + �
2E

aix1 ]x � �
2E

bi2 + (1� �
2 )Ebi1

i = l + 1; :::;m
[(�2 )Eai2 + (1� �

2 )Eaix1 ]x � (1� �
2 )Ebi2 + (�2 )Ebi1

i = l1; ::;m

x � 0 (66)

Q=Okt swyit R= hOy `@=D |R=i ?}=Q[ uOQm |R=i|O CyH Qo}O CQ=@ax@
|R=i |=yQDt=Q=B =@ =yC}OwOLt uOQm |R=i|O CyH w |R=i |=yQDt=Q=B Q=_Dv= OQwt
xHQO |xOvyOu=Wv � '66 pOt QO "OwW|t xO=iDU= Q=_Dv= OQwt xR=@ swyit R=

"CU= ?=wH uOw@ xHwt
p}O@D w u; pL |=Q@ 'CU= xiOyOvJ xOW |R=i|O pOt xm =Hv; R= C}=yv QO
Zi; 'i = 1; 2; 3 hOy `@=D Qy |=Q@ 'hOy `@=D l} ?r=k QO Cw=iDt hOy `@=wD
|Qw]x@ 's}yO|t u=Wv wi =@ =Q u; xm OW Oy=wN xDiQo Q_v QO �C}ty= xHQO� uRw

"w1 + w2 + w3 = 1 xm
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`=wv= R= l}I}y Qw@a �R@U Q}Ut� swO Q}Ut R= w OQ}o|t Q=Qk xO=iDU= OQwt �|v=@=}@
pw= hOy `@=D uRw xm |v=tR '2 pwOH x@ xHwD =@ "CU}v xiQY x@ x}rkv |xr}Uw
Q@=Q@ OwU umtt Q=Okt u} QDW}@ 'w2 = w3 = 0 w w1 = 1 |va} 'CU= 1 Q@=Q@

"OwW|t pY=L 5; 144; 300
u=Q}Ot xm |v=tR 'CU= Q_v Ot |O=YDk= |x@vH ,=iQY xm |Dr=L =@ xU}=kt QO
u}t-=D |xQ}HvR l}� |a=tDH= w |]}LtCU} R '|O=YDk= |x@vH xU Qy xQ}HvR
CUO R= xQ}HvR OwU R= |WN@ 'OvyO|t Q=Qk xHwD OQwt s-=wD CQwYx@ =Q �Q=O}=B
GHG Vy=m 'xDiQ CUO R= OwU u=}t ?U=vt uR=wD uDi=} '?}DQD u}= x@ "OwQ|t

93



"""u
}t=D

|xQ
}HvR

|v=m
t=|

R}Qx
t=vQ@

pOt"hOy `@=wD |=yxirwt "3 pwOH
Z3 Z2 Z1

HS HT GHG-T GHG-D TC� DC PC OC HC LC BC R�

2697 24 41715 66115 6975 12293 1287600 100000 8856 0 0 6560000 w1 = 1
w2 = w3 = 0

1898 30 28500 54204 9060 9744 4 1127100 150000 50 302100 1590 6104300 w1 = 0 6
w2 = w3 = 0 2

pm Ot;QO %R OU=i CqwYLt `iO j} Q] R= xOW QWDvt |}xv=Nro |=yR=o %GHG-D

|Q=Oxov |xv} Ry %HC pkvwptL j} Q] R= xOW QWDvt xv=Nro |=yR=o %GHG-T

Ci=TB |xv} Ry %BC pkvwptL CyH R=}v OQwt |v=Uv= |wQ}v QO Q}}eD %HT

xDiQ CUO R= VwQi |xv} Ry %LC u}t-=D CyH R=}v OQwt |v=Uv= |wQ}v QO Q}}eD %HS

|yOVQ=iU |xv} Ry %OC O} QN |xv} Ry %PC

R} QQwO `iO |xv} Ry %DC pkvwptL |xv} Ry %TC

w2 = 1� w1 |]}LtCU} R w |O=YDk= |=yQ=}at uDW=O Q_vQO =@ |Q}o s}tYD |=yQ}eDt w h=Oy= |xv}y@ Q}O=kt "4 pwOH

w1 Q1 Q2 Q3 X1 X2 X3 z1 z3

OYQO
R= OwU Vy=m

xDiQ CUO GHG

1 12950 11771 0 [0; 3; 9][0; 0; 0] [0; 3; 8][0; 0; 0] [0; 0; 0][0; 0; 0] 5144276 107830
0 9 12950 11789 0 [0; 0; 0][4; 1; 9] [0; 0; 0][8; 0; 7] [0; 0; 0][0; 0; 0] 5139400 98655 0 1 8 5
0 8 12950 10071 1632 [0; 0; 0][3; 0; 10] [0; 0; 0][9; 0; 5] [0; 0; 0][1; 0; 1] 5104600 93651 0 8 13 1
0 7 12950 10071 1632 [0; 0; 0][3; 0; 10] [0; 0; 0][9; 0; 5] [0; 0; 0][1; 0; 1] 5104600 93651 0 8 13 1
0 6 12864 10000 1632 [0; 0; 0][10; 0; 7] [0; 0; 0][9; 0; 5] [0; 0; 0][1; 0; 1] 5055400 92760 1 7 14 0
0 5 9792 9984 1632 [0; 0; 0][6; 0; 6] [0; 0; 0][4; 0; 7] [0; 0; 0][1; 0; 1] 4432300 81120 13 8 24 8

0 1�0 4 0 0 0 � � � �2451800 0 � �

"|]}LtCU} R w |O=YDk= h=Oy= %wDQ=B |=y?=wH "2 pmW

=@ =yvD w2 = 0 3 w w1 = 0 7 |Dkw 'xvwtv u=wvax@ "OyO|t xH}Dv =Q |}xv=Nro
"CU= xOW pY=L xOW QWDvt GHG QO Ow@y@ �13 'OwU Vy=m �1 OwOL

Q=vm QO |]}LtCU} R |=yQ=}at uDiQo Q_v QO =@ '4 pwOH j@=]t u}vJty
?=NDv= xv}y@ Q}Ut u=wvax@ uOw@ QD|vqw] seQ |ra R@U Q}Ut '|O=YDk= |=yQ=}at
xO=O u=Wv 2 pmW QO Z2 w Z1 `@=wD uDiQo Q_v QO =@ wDQ=B |=y?=wH "CU= xOW
|O=YDk= Q=}at uDW=O Q_v QO =@ xQ}HvR |xv}y@ CU=}U '5 pwOH QO "CU= xOW
?}DQD u}= x@ "CU= xOW VQ=Ro �|]}LtCU} R Q=}at x@ xHwD uwO@� |a=tDH= w
xOW x�=Q= 5 pwOH QO w3 = 1 � w1 w w2 = 0 xm |Dr=L |=Q@ xrY=L G}=Dv

"CU=
|v=@=}@ Q}Ut 'CU= xOW xDiQo xO}O=v|]}LtCU} R Q=}atCr=Lu}= QO xm =Hv; R=
u}= QO "CU= xOW?=NDv= xv}y@ Q}Ut u=wvax@ QD|O=YDk= Q}Utu}=Q@=v@ w QDx=Dwm pw] =@
Q=OktptL|=Q@ xJv; R=pkvwptLC=R}yHDK]U xm OQwN|t sWJ x@ |OQ=wt 'Cr=L
Q}O=kt ' (w3 = 0 1)w1 = 0 9 |Dkw p=Ft |=Q@ "CU= QDW}@ 'CU= R=}v VQ=iU

94



1/
2|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt w3 = 1� w1 |]}LtCU} R w |O=YDk= |=yQ=}at uDW=O Q_vQO =@ |Q}o s}tYD |=yQ}eDt w h=Oy= |xv}y@ Q}O=kt "5 pwOH

w1 Q1 Q2 Q3 X1 X2 X3 z1 z3

OYQO
R= OwU Vy=m

xDiQ CUO GHG

1 12950 11771 0 [0; 3; 9][0; 0; 0] [0; 3; 8][0; 0; 0] [0; 0; 0][0; 0; 0] 5144276 2721
0 9 12950 10000 1700 [0; 3; 9][0; 0; 0] [0; 1; 8][0; 0; 0] [0; 1; 8][0; 0; 0] 5106600 2535 0 7 6 8
0 8 9950 10000 9587 [0; 3; 9][0; 0; 0] [0; 3; 9][0; 0; 0] [0; 3; 9][0; 0; 0] 4626400 1667 10 1 38 7
0 7 9950 9990 9568 [0; 1; 8][0; 0; 0] [0; 1; 8][0; 0; 0] [0; 1; 8][0; 0; 0] 4036100 1050 21 5 61 4
0 6 9950 9990 9568 [0; 1; 8][0; 0; 0] [0; 1; 8][0; 0; 0] [0; 1; 8][0; 0; 0] 4036100 1050 21 5 61 4
0 5 9950 9950 9534 [0; 1; 8][0; 0; 0] [0; 1; 8][0; 0; 0] [0; 1; 8][0; 0; 0] 4025900 1046 21 7 61 6
0 4 9950 9950 9534 [0; 1; 8][0; 0; 0] [0; 1; 8][0; 0; 0] [0; 1; 8][0; 0; 0] 4025900 1046 21 7 61 6
0 3 2121 2121 2120 [0; 0; 2][0; 0; 0] [0; 0; 2][0; 0; 0] [0; 0; 2][0; 0; 0] �400810 223 147 7 91 8

0 1�0 2 0 0 0 � � � �2451800 0 � �

'~� = (0 03; 0 05; 0 07) |a=tDH= w |]}LtCU} R w |O=YDk= |=yQ=}at uDW=O Q_vQO =@ |Q}o s}tYD |=yQ}eDt w h=Oy= |xv}y@ Q}O=kt "6 pwOH
"~� = (0 03; 0 05; 0 07)

w1 w2 w3 Q1 Q2 Q3 x1 x2 x3 z1 z2 z3
1 0 0 12950 11771 0 [0; 3; 9][0; 0; 0] [0; 3; 8][0; 0; 0] [0; 0; 0][0; 0; 0] 5144276 107830 2721

0 9 0 05 0 05 12950 10000 1700 [0; 0; 0][0; 3; 10] [0; 0; 0][2; 0; 8] [0; 0; 0][2; 1; 0] 5104400 94080 2545
0 8 0 1 0 1 12950 10000 1700 [0; 0; 0][0; 3; 10] [0; 0; 0][2; 0; 8] [0; 0; 0][2; 1; 0] 5104400 94080 2545
0 7 0 15 0 15 9950 9984 1708 [0; 0; 0][4; 0; 7] [0; 0; 0][4; 0; 7] [0; 0; 0][4; 0; 0] 4508400 82380 1919
0 6 0 2 0 2 9950 9970 1719 [0; 0; 0][4; 0; 7] [0; 0; 0][4; 0; 7] [0; 0; 0][0; 1; 1] 4504656 82704 1928
0 5 0 25 0 25 4896 4896 1968 [0; 0; 0][3; 0; 3] [0; 0; 0][3; 0; 3] [0; 0; 0][0; 1; 1] 1474800 44700 826
0 4 0 3 0 3 2112 2112 2112 [0; 0; 0][2; 0; 1] [0; 0; 0][2; 0; 1] [0; 0; 0][2; 0; 1] �412650 23940 223
1 3 1 3 1 3 0 0 0 [0; 0; 0][0; 0; 0] [0; 0; 0][0; 0; 0] [0; 0; 0][0; 0; 0] �2451800 0 0

"|a=tDH= w |O=YDk= h=Oy= %wDQ=B |=y?=wH "3 pmW

Q2 = 10000 'Q1 = 12950 =@CU= Q@=Q@hrDNt |=yxQwO QO VQ=iU |xv}y@
xQwO QO xv}y@ x}rkv p}=Uw O=OaD 'Q3 = 1700 xmu}= seQ |ra Q3 = 1700 w
x}rkv |xr}Uw 8 w �OL=w 900 C}iQ_ =@� 2 ẁv x}rkv |xr}Uw l} CQwYx@ swU
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w |]}LtCU} R |=yQ=}at QO |QDW}@ Ow@y@ xQ}HvR OwU R= |YNWt Q=Okt Vy=m
'w3 = 0 05 ww2 = 0 05 'w1 = 0 9 Qo = p=Ft |=Q@ "O};|t pY=L|a=tDH=
w 23 ?}DQDx@ 'OwU QO Vy=m OYQO 0 5 OwOL =@ ~� = (0 1; 0 15; 0 2) |=Q@
|va} "OwW|t pY=L |a=tDH= w |]}LtCU} R |=yQ=}at QO Ow@y@ OYQO 6 5
xOQw;Q@ |=y=[=kD R= |QDW}@ O=OaD \UwDt Qw]x@ xm CU= u}= Q@ ZQi 9 pwOH QO

"OvwW|t pkDvt Oa@ xQwO x@ xQwO l} QO xOWv
~� = |Dkw xm OyO|t u=Wv 6 pwOH =@ pwOH u}= |=yxO=O |xU}=kt
=@ |w=Ut pk=OL =} QDtm |}=OD@= |=yxQwO QO VQ=iU Q=Okt '(0 4; 0 5; 0 6)

=[Q= |=y=[=kD xm =QJ &CU= ~� = (0 4; 0 5; 0 6) Cr=L |=Q@ VQ=iU Q=Okt

|=yQ=}at Q_vt R= xQ}HvR =t= O@=}|t Vy=m xQ}HvR OwU '|O=YDk= Q=}at C}ty=
xQ}HvR QO u=oOvQ}os}tYD Qo = u}vJty "CU= QDQ=O}=B |a=tDH= w |]}LtCU} R
Qo}O OvW=@ p�=k |a=tDH= w |]}LtCU} R |=yQ=}at |=Q@ |}q=@ ,=D@Uv C}ty=
|=yC}=tL w =ylQLt OwHw u}=Q@=v@ "Ow@ Oy=wNv x}HwD p@=k |O=YDk= Q_v R= xQ}HvR
w xQ}HvR OwU Vy=m XwYN QO u=Q}Ot |v=Qov `iQ QO =yCrwO ?v=H R= |r=t
=D |a=tDH= w |]}LtCU} R |=yQ=}at uO=O Q=Qk Q_vOt CyH =yv; xR}ov= V}=Ri=

"CU= QF-wt |O=} R OwOL
ZQi =@ w hOy `@=wD |vRw hrDNt Q}O=kt |=R=x@ |OOa G}=Dv '7 pwOH QO
^iL w ~� = (0 1; 0 15; 0 2) |va} 'Q=@v= QO |=y|OwHwt p=wR MQv V}=Ri=
|xU}=kt "OyO|t u=Wv =Q 'OW K} QWD 1�5VN@ QO xJv; Q}_v =yQDt=Q=B Q}=U Q}O=kt
u}}aD QO QF-wt pt=wa R= CqwYLt p=wR MQv xm OyO|t u=Wv 6 pwOH =@ pwOH u}=

"CU= ptL CU=}U R}v w |yOVQ=iU xv}y@ CU=}U
w xOW O=H}= |}xv=Nro |=yR=o QO |} wHxiQY 'OwU Vy=m Q}O=kt 8 pwOH QO
~� = (0 03; 0 05; 0 07) Cr=L wO |=Q@ xQ}HvR |v=Uv= |wQ}v QO u=Uwv Vy=m
"CU= xOt; hOy `@=wD uRw hrDNt Q}O=kt |=R= x@ ~� = (0 1; 0 15; 0 2) w
OwU QO |} RH |Wy=m pw@k =@ xQ}HvR u=Q}Ot Cio u=wD|t pwOH u}= T=U=Q@
O=H}= |]}LtCU} R w |a=tDH= |=yQ=}at QO |@ wr]t Ow@y@ Ovv=wD|t 'xawtHt

96



1/
2|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt '~� = (0 03; 0 05; 0 07) |a=tDH= w |]}LtCU} R w |O=YDk= |=yQ=}at uDW=O Q_vQO =@ |Q}o s}tYD |=yQ}eDt w h=Oy= |xv}y@ Q}O=kt "9 pwOH

"~� = (0 4; 0 5; 0 6)

w1 w2 w3 Q1 Q2 Q3 x1 x2 x3 z1 z2 z3
1 0 0 12950 11775 0 [0; 2; 10][0; 0; 0] [1; 0; 10][0; 0; 0] [0; 0; 0][0; 0; 0] 5143900 107600 2723

0 9 0 05 0 05 12950 10000 1700 [0; 0; 0][3; 0; 10] [0; 0; 0][0; 1; 8] [0; 0; 0][0; 2; 0] 5106300 94080 2548
0 8 0 1 0 1 12950 9984 1709 [0; 0; 0][3; 0; 10] [0; 0; 0][4; 0; 7] [0; 0; 0][4; 0; 0] 5102100 93782 2543
0 7 0 15 0 15 9950 9955 2472 [0; 0; 0][4; 0; 7] [0; 0; 0][4; 0; 7] [0; 0; 0][3; 0; 1] 4744600 85080 1834
0 6 0 2 0 2 9948 9945 2472 [0; 0; 0][4; 0; 7] [0; 0; 0][4; 0; 7] [0; 0; 0][6; 0; 0] 4739300 85000 1832
0 5 0 25 0 25 4944 4992 4992 [0; 0; 0][8; 0; 1] [0; 0; 0][8; 0; 1] [0; 0; 0][8; 0; 1] 4499200 82320 1913
0 4 0 3 0 3 4944 4992 4992 [0; 0; 0][8; 0; 1] [0; 0; 0][8; 0; 1] [0; 0; 0][8; 0; 1] 4499200 82320 1913
1 3 1 3 1 3 0 0 0 [0; 0; 0][0; 0; 0] [0; 0; 0][0; 0; 0] [0; 0; 0][0; 0; 0] �2149900 0 0

hOy� |R} Qxt=vQ@ ji= pw] QO xQ}HvR |v=Uv= |wQ}v O=OaD QO Q}}eD |R=Uxv}tm "3
OwU QO |} RH Vy=m =@ xm OvO=O u=Wv xrY=L |OOa G}=Dv "OW x�=Q= �|a=tDH=
|v=Uv= |wQ}v QO Q}}eD w |}xv=Nro |=yR=o QO |rw@k p@=k Vy=m u=wD|t xQ}HvR

"OQm xOy=Wt xQ}HvR
=Q Q=DWwv u}= QO xar=]t OQwt |xr�Ut u=wD|t QDW}@ C=k}kLD s=Hv= |=Q@
w Q}Ut x@ pwYLt p} wLD u=tR |oDU@=w "1 %O=O Q=Qk xHwD OQwt Q} R OQ=wt QO
uDiQo Q_v QO =@ ptL pw] QO hO=YD lU} Q |xar=]t "2 &ptL |xr}Uw ẁv
u}= QO xOWx�=Q= pOt |xaUwD "3 &Q}Ut |=y|oS} w R}v w ptL p}=Uw C=YNWt
xOW x�=Q= pOt |xaUwD "4 &Twmat l}DUHr |=yC}r=ai uDiQo Q_v QO =@ Q=DWwv
"hrDNt |xOvvmu}t-=D OvJ w pwYLt OvJ =@ u}t-=D |=yxQ}HvR |=Q@ Q=DWwv u}= QO

QmWD w Q}OkD
xOW s=Hv= QwWm u=Qw=vi w u=QoWywSB R= C}=tL jwOvY C}=tL =@ |WywSB Q=m u}=

"CU=

|Dkw Zwa QO "OvwW|t pkDvt Oa@ |=yxQwO x@ |QDW}@ u=mt= =@ xQwO u}= QO xOWv
VQ=iU Q=Okt R= QDW}@ swU xQwO QO VQ=iU Q=Okt x=ov; ~� = (0 4; 0 5; 0 6)

x@ xQwO u}= xm CU= u; Qt= u}= p}rO "CU= ~� = (0 03; 0 05; 0 07) |=Q@
xQwO QO u=mt= OL QO O}=@ u}=Q@=v@ w CU= |R} Qxt=vQ@ |}xQwO xU ji= u=}=B |awv

"OvwW xO=O MU=B xOWv xOQw;Q@ |=y=[=kD QN;

|Q}oxH}Dv "6
xHwD OQwt RmQtDt |Q}o s}tYD =@ wrH x@ wQ u}t-=D |xQ}HvR l} Q=DWwv u}= QO
p=wR MQv w jwat |=y=[=kD Ci=TB MQv '=[=kD MQv Q}_v |}=yQDt=Q=B "CiQo Q=Qk
x=Q QO CqwYLt p=wR u}vJty "OW ZQi |R=i Q=@v= QO w x=Q QO CqwYLt
xO=iDU= =@ "OW xDiQo Q_v QO ptL VwQ/Q}Ut R}v w ptL |xr}Uw ẁv R= |a@=D
s=wD u}}aD |=Q@ |]N |[=} Q |R} Qxt=vQ@ pOt l} '|R=U|]N |=yl}vmD R=
xQ}HvR OwU |R=Uxv}W}@ "1 %hOy xU x@ xHwD =@ ptL w |OwHwt xv}y@ CU=}U
&�|]}LtCU} R hOy� |}xv=Nro |=yR=o Q=WDv= |R=Uxv}tm "2 &�|O=YDk= hOy�

=yCWwv=B
1. world council on environment and development
2. our common future
3. Carbon tax
4. Carbon trading
5. partially backordered

6. disposal cost
7. mixed-integer linear model
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