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S1. Mathematical models
S1.1. Freshwater sources
Freshwater sources can be supplied to indirect open circulating cooling water systems (IOs), indirect closed circulating cooling water systems (ICs), direct open circulating cooling water systems (DOs), once-through process systems (OPs), or water demand systems (WDs), as shown in Fig. S1. 
The water balance at the splitting point is given by Eq. (S1).  


,       (S1)
For each of the flowrates between the splitter point of the freshwater source and the mixing points in the network, the lower and upper bound constraints formulated with 0–1 variables that denote the existence of these streams are given as follows:
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Fig. S1. Splitting the streams of freshwater source.
S1.2. Once-through process water systems 
Fig. S2 shows a schematic representation of an OP, where the balances on flows and mass loads of contaminant j at the mixing point of the process unit are given by Eqs. (S8) and (S9), respectively.
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,
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The flow balance at the splitting point of the process unit is expressed in Eq. (S10). 
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In addition, the balances on the flowrates of the OP are formulated as Eq. (S11):


,                            (S11)
Considering that the inlet concentration cannot be greater than the maximum inlet concentration of contaminant j, a constraint is defined as Eq. S13.


,                          (S12)
The lower and upper bound constraints that formulate flows between the splitter point of the process unit and the mixing points with binary variables are similar to the formulations in Section S1.1.
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Fig. S2. Inlet and outlet streams of the OP.
S1.3. Wastewater treatment systems 
Fig. S3 shows a representation of a wastewater treatment system (WT). The outlet stream can be used by an OP, IO, DO, WD, desalination system (DS), and another WT, or can be discharged. The inlet stream can receive water from thewater source systems (WSs), an OP, another WT, the outlet water and backwash wastewater of the IO and DO, and the backwash wastewater of the DS. 
The balances on flows and mass loads of contaminant j at the mixing point of the WT are given by Eq. (S13) and Eq. (S14), respectively.
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The flow balance at the splitting point of the system is expressed by Eq. (S15).
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The flowrate balance and inlet concentration limit of the WT are shown below.
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The lower and upper bound constraints that formulate the flows illustrated in Fig. S3 are similar to the formulations in Section S1.1.
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Fig. S3. Inlet and outlet streams of the WT.
S1.4. Indirect open circulating cooling water systems
Fig. S4 provides a diagram of an IO. The process has two outflows, and outlet water can be used by an OP, WD, WT, DO, and IO. The backwash wastewater can also be used by those systems, except for the IO. In addition, the system can receive water from the S, WS, OP, WT, and the outlet water of the IO, as well as the soft water, desalination water, and concentrate from the DS.  
The balances on the flows and mass loads of contaminant j at the mixing point before the system are given by Eq. (S18) and Eq. (S19), respectively.
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The flow balances at the two splitting points after the system are expressed by Eq. (S20) and Eq. (S21). 
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The flowrate balance and inlet concentration limit of WT are shown below.
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The lower and upper bound constraints are similar to the formulations in Section S1.1.
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Fig. S4. Inlet and outlet streams of the IO.
S1.5 Direct open circulating cooling water systems
Fig. S5 provides a diagram of a DO. The process has two outflows, and outlet water can be used by the OP, WD, WT, DO, and IO. The backwash wastewater can also be used by those systems, except for the IO and DO. The system can receive water from the S, WS, OP, WT, and both the outflows of the IO, as well as the soft water, desalination water, and concentrate from the DS.  
The balances of the flows and mass loads of contaminant j at the mixing point before the system are given by Eq. (S24) and Eq. (S25), respectively.


,     (S24)

,


                                         ,     (S25)
The flow balances at the two splitting points after the process unit are expressed by Eq. (S26) and Eq. (S27). 
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The flowrate balance and inlet concentration limit of the WT are shown below.
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The lower and upper bound constraints are similar to the formulations in Section S1.1.
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Fig. S5. Inlet and outlet streams of the DO.
S1.6. Indirect closed circulating cooling water systems
Fig. S6 provides a diagram of an IC. The system can receive water from the S, WS, and soft water and desalination water from the DS.  
The balances of the flows and mass loads of contaminant j at the mixing point before the system are given by Eq. (S30) and Eq. (S31), respectively.
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The inlet concentration limit is shown below.
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The lower and upper bound constraints are similar to the formulations in Section S1.1.
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Fig. S6. The inlet streams of the IC.
S1.7. Water demand system
Fig. S7 provides a diagram of a WD. The system can receive water from the S, WS, OP, and WT; from both the outflows of the IO and DO; and the four outlet waters from the DS.  
The balances on the flows and mass loads of contaminant j at the mixing point before the system are given by Eq. (S33) and Eq. (S34), respectively.
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The inlet concentration limit is expressed as Eq. (S35).
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Fig. S7 The inlet streams of WD.
S1. 8 Water source system 
The water from WSs can be supplied to the IO, IC, DO, OP, WD, or WT, as shown in Fig. S8. 
The water balance at the splitting point is given by Eq. (S36).  
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Fig. S8. The outlet streams of the WS.
S1.9. Desalination system




Fig. S9 provides an illustration of a DS with four outlets, of which the soft water, labeled as , can be used by the IC, OP, IO, DO, and WD; the desalination water, labeled as , can be used by the IC, OP, IO, DO, and WD; the concentrate, labeled as , can be used by the OP, DO, or discharge; and the backwash wastewater, labeled as , can only be sent to the WT for treatment. The system can only receive water from the S or WT.
The balances of the flows at the mixing point of the DS are given below.
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Fig. S9. The inlet and outlet streams of the DS.

S1.10. Discharge constraints
The streams from the OP and WT, and the concentrate of the DS, can be discharged to the environment, as shown in Fig. 10. The balances on the flows and contaminants can be represented by Eq. (S42) and Eq. (S43).
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,          (S43)
The discharge limit is described as Eq. (S44).
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Fig. 10. Streams for discharge.
S1.11. Objective function
The objective function is formulated to minimize the total annual cost. The formulation is given by Eq. (S45). 

              (S45)




where is the cost of freshwater,  is the cost of treatment units,  is the cost of pumping, and is the cost of discharge. 
The annualized expressions for the four cost components are defined as follows: 

                         (S46)
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Parameters in the objective function

		Hours of plant operation time per year

		Unit cost of freshwater source s

		Cost coefficient for wastewater treatment system wt

		Cost coefficient for soft water in desalination system ds

		Operating cost coefficient for desalination water in desalination system ds

	Cost coefficient for pumping 

	Cost coefficient for discharge

Parameters

	Water flowrate of inlet stream of WD system

	Maximum concentration of contaminant j in inlet stream of WD system

		Water flowrate of WS system

	Concentration of contaminant j of WS system

		Water flowrate of inlet stream of OP system

	Water flowrate of outlet stream of OP system           

 	Water flowrate of evaporation of OP system

	Water flowrate of losses of WT system

	Maximum concentration of contaminant j in inlet stream of WT system

	Concentration of contaminant j in outlet stream of OP system

	Concentration of contaminant j in outlet stream of WT system
Variables 

	Concentration of contaminant j in inlet stream of WD system

	Concentration of contaminant j in inlet stream of OP system

		Water flowrate of inlet stream of WT system

	Water flowrate of outlet stream of WT system

	Concentration of contaminant j in inlet stream of WT system
Superscripts

		Inlet stream

		Outlet stream

	Maximal

		Lower bound

		Upper bound 
 

S2. Data of the steel industry water network
Table S2.1 
Water flowrate of all IOs and Dos.
	All IOs and DOs
	
(m3·h−1)
	
(m3·h−1)
	
(m3·h−1)

	The IO in SI 
	740
	8
	5

	The IO in CO
	11358
	150
	57

	The IO in IM
	2448
	22
	10

	The IO in SM(I) & CC(I) & HR(I)
	15810
	150
	240

	The DO of secondary cooling zone in SM(I) & CC(I) & HR(I)
	2200
	160
	100

	The DO of roller cooling in SM(I) & CC(I) & HR(I)
	8127
	60
	75

	The DO of laminar flow cooling in SM(I) & CC(I) & HR(I)
	7240
	60
	20

	The IO in SM(II) & CC(II)
	6453
	86
	25

	The DO of steel making in SM(II) & CC(II)
	6453
	57
	10

	The DO of secondary cooling zone in SM(II) & CC(II)
	3255
	50
	67

	The IO in CR
	5800
	40
	10

	The IO in SS
	1700
	22
	10

	The DO in SS
	2044
	23
	20

	The IO in WR
	2140
	20
	5

	The DO in WR
	2450
	22
	20

	The IO in PP
	41000
	450
	0


SI: sintering; CO: coking; IM: iron-making; SM: steel-making; CC: continuous casting; HR: hot rolling; CR: cold rolling; SS: section steel; WR: wire rod; PP: power plant.



Table S2.2 
Contaminant concentration data of IOs and DOs.
	
	Cl− (mg·L−1)
	TSS (mg·L−1)

	Inlet concentration limit of IOs
	297
	19.5

	Concentration of outlet water of IOs
	300
	20

	Concentration of backwash wastewater of IOs
	300
	150

	Inlet concentration limit of DOs
	396
	49

	Concentration of outlet water of DOs
	400
	50

	Concentration of backwash wastewater of DOs
	400
	300




Table S2.3 
Cost data.
	Types
	Cost (CNY·(m3·h)−1)

	Freshwater
	2

	Soft water
	1

	Desalination water
	1.5

	Water treatment in WT
	0.3

	Discharge cost of concentrate
	2




oleObject2.bin

image49.wmf
jJ

Î


oleObject46.bin

image50.wmf
out11111

,,,,,'

DOOPWTWD'IO

ioiodoioopiowtiowdioio

doopwtwdio

FFFFFF

ÎÎÎÎÎ

=++++

ååååå


oleObject47.bin

image51.wmf
ioIO

Î


oleObject48.bin

image52.wmf
2222

,,,,

b

ioiodoioopiowtiowd

doDOopOPwtWTwdWD

FFFFF

ÎÎÎÎ

=+++

åååå


oleObject49.bin

image53.wmf
dtDT

Î


oleObject50.bin

image3.wmf
loup

,,,,,

sicsicsicsicsic

FyFFy

×££×


image54.wmf
ioIO

Î


oleObject51.bin

image55.wmf
inoutbv

ioioioio

FFFF

=++


oleObject52.bin

image56.wmf
ioIO

Î


oleObject53.bin

image57.wmf
inin,max

,,

iojioj

cc

£


oleObject54.bin

image58.wmf
ioIO

Î


oleObject55.bin

oleObject3.bin

image59.wmf
jJ

Î


oleObject56.bin

image60.tiff
1 2 3
Fl

io'io





image61.wmf
in1

,,,,,

23121

,,,,',

'

 

dosdowsdoopdowtdodsdo

sSwsWSopOPwtWTdsDS

dsdodsdoiodoiodododo

dsDSdsDSioIOioIOdoDO

FFFFFF

FFFFF

ÎÎÎÎÎ

ÎÎÎÎÎ

=++++

+++++

ååååå

ååååå


oleObject57.bin

image62.wmf
doDO

Î


oleObject58.bin

image63.wmf
inin11

,,,,,,,

2233112211

,,,,,,,,',',

 

dodojsdoswsdowsopdoopwtdowtdsdodsj

sSwsWSopOPwtWTdsDS

dsdodsjdsdodsjiodoiojiodoiojdododoj

dsDSdsDSioIOioIOdoDO

FcFcFcFcFcFc

FcFcFcFcFc

ÎÎÎÎÎ

ÎÎÎÎÎ

=++++

+++++

ååååå

ååååå


oleObject59.bin

image64.wmf
doDO

Î


image4.wmf
sS

Î


oleObject60.bin

image65.wmf
jJ

Î


oleObject61.bin

image66.wmf
out1111

,',,,

'

dodododoopdowtdowd

doDOopOPwtWTwdWD

FFFFF

ÎÎÎÎ

=+++

åååå


oleObject62.bin

image67.wmf
doDO

Î


oleObject63.bin

image68.wmf
b222

,,,

dodoopdowtdowd

opOPwtWTwdWD

FFFF

ÎÎÎ

=++

ååå


oleObject64.bin

image69.wmf
doDO

Î


oleObject4.bin

oleObject65.bin

image70.wmf
inoutbv

dodododo

FFFF

=++


oleObject66.bin

image71.wmf
doDO

Î


oleObject67.bin

image72.wmf
inin,max

,,

dojdoj

cc

£


oleObject68.bin

image73.wmf
doDO

Î


oleObject69.bin

image74.wmf
jJ

Î


image5.wmf
icIC

Î


oleObject70.bin

image75.tiff
Frio Frao
Fpa
Forio
1 2 3
Fyao Fasao Faoao
1 2
Foo Froao
1
Frodo

DO

F

do,do’

Fl

do,op

Fl

do,wt

Fl

dowd

FZ

do.op

b
I

2
do,wt

FZ

do,wd

b
Cio.j




image76.wmf
m12

,,,,

icsicwsicdsicdsic

sSwsWSdsDSdsDS

FFFFF

ÎÎÎÎ

=+++

åååå


oleObject71.bin

image77.wmf
doDO

Î


oleObject72.bin

image78.wmf
mm1122

,,,,,,,,,

icicjsicsjwsicwsjdsicdsjdsicdsj

sSwsWSdsDSdsDS

FcFcFcFcFc

ÎÎÎÎ

=+++

åååå


oleObject73.bin

image79.wmf
doDO

Î


oleObject74.bin

oleObject5.bin

image80.wmf
jJ

Î


oleObject75.bin

image81.wmf
mm,max

,,

icjicj

cc

£


oleObject76.bin

image82.wmf
icIC

Î


oleObject77.bin

image83.wmf
jJ

Î


oleObject78.bin

image84.tiff
s,ic

ws,ic
1
ds.ic

2
ds,ic

IC





image85.wmf
in12

,,,,,,

121234

,,,,,,

 

wdswdwswdopwdwtwdiowdiowd

sSwsWSopOPwtWTioIOioIO

dowddowddswddswddswddswd

doDOdoDOdsDSdsDSdsDSdsDS

FFFFFFF

FFFFFF

ÎÎÎÎÎÎ

ÎÎÎÎÎÎ

=+++++

++++++

åååååå

åååååå


image6.wmf
loup

,,,,,

siosiosiosiosio

FyFFy

×££×


oleObject79.bin

image86.wmf
wdWD

Î


oleObject80.bin

image87.wmf
inin11

,,,,,,,,,,,

2211221122

,,,,,,,,,,

 

wdwdjswdsjwswdwsjopwdopjwtwdwtjiowdioj

sSwsWSopOPwtWTioIO

iowdiojdowddojdowddojdswddsjdswddsj

ioIOdoDOdoDOdsDSdsDS

FcFcFcFcFcFc

FcFcFcFcFc

ÎÎÎÎÎ

ÎÎÎÎÎ

=++++

+++++

ååååå

åååå

3344

,,,,

 

dswddsjdswddsj

dsDSdsDS

FcFc

ÎÎ

++

å

åå


oleObject81.bin

image88.wmf
wdWD

Î


oleObject82.bin

image89.wmf
jJ

Î


oleObject83.bin

image90.wmf
inin,max

,,

wdjwdj

cc

£


oleObject6.bin

oleObject84.bin

image91.wmf
wdWD

Î


oleObject85.bin

image92.wmf
jJ

Î


oleObject86.bin

image93.tiff
FZ

do.wd +do,wd

1 2 3 4
F;ls.wd F;Ix,wd Fds,wd F, ds,wd




image94.wmf
,,,,,,

wswswdwsopwswtwsicwsiowsdo

wdWDopOPwtWTicICioIOdoDO

FFFFFFF

ÎÎÎÎÎÎ

=+++++

åååååå


oleObject87.bin

image95.wmf
wsWS

Î


oleObject88.bin

image7.wmf
sS

Î


image96.tiff
A

ws,ic

ws,io

F F,

ws ws,op

Cs,j F

ws,wd

F,

ws,do

E

ws, i




image97.wmf
out_1

ds

F


oleObject89.bin

image98.wmf
out_2

ds

F


oleObject90.bin

image99.wmf
out_3

ds

F


oleObject91.bin

image100.wmf
out_4

ds

F


oleObject92.bin

image101.wmf
in

,,

dssdswtds

sSwtWT

FFF

ÎÎ

=+

åå


oleObject7.bin

oleObject93.bin

image102.wmf
dsDS

Î


oleObject94.bin

image103.wmf
out_111111

,,,,,

dsdsicdsiodsdodsopdswd

icICioIOdoDOopOPwdWD

FFFFFF

ÎÎÎÎÎ

=++++

ååååå


oleObject95.bin

image104.wmf
dsDS

Î


oleObject96.bin

image105.wmf
out_222222

,,,,,

dsdsicdsiodsdodsopdswd

icICioIOdoDOopOPwdWD

FFFFFF

ÎÎÎÎÎ

=++++

ååååå


oleObject97.bin

image106.wmf
dsDS

Î


image8.wmf
ioIO

Î


oleObject98.bin

image107.wmf
out_3333

,,,

dsdsopdswddso

opOPwdWD

FFFF

ÎÎ

=++

åå


oleObject99.bin

image108.wmf
dsDS

Î


oleObject100.bin

image109.wmf
out_44

,

dsdswt

wtWT

FF

Î

=

å


oleObject101.bin

image110.wmf
dsDS

Î


oleObject102.bin

image111.tiff
F

s.ds

F,

wt.ds

in
Iy

Cas, J

DS

ds,j

out_4 out_4

ds

ds.j

1
2
3
Foop

F4

ds,wt

Fl

ds,do

FZ

ds,do

F3

ds,o

Fl

ds,io

F2

ds,io

F3

ds,wd

Fl
FZ

ds,op

ds,wd

1
Foop

F2

ds,wd




oleObject8.bin

image112.wmf
3

out,,,

opowtodso

opOPwtWTdsDS

FFFF

ÎÎÎ

=++

ååå


oleObject103.bin

image113.wmf
33

outout,,,,,,,

jopoopjwtowtjdsodsj

opOPwtWTdsDS

FcFcFcFc

ÎÎÎ

=++

ååå


oleObject104.bin

image114.wmf
jJ

Î


oleObject105.bin

image115.wmf
max

out,out,

jj

cc

£


oleObject106.bin

image116.wmf
jJ

Î


oleObject107.bin

image9.wmf
loup

,,,,,

sdosdosdosdosdo

FyFFy

×££×


image117.tiff
op.o

F3

ds,o

C

out,j




image118.wmf
watertreatmentpumpingdischarge

min

ZCCCC

=+++


oleObject108.bin

image119.wmf
water

C


oleObject109.bin

image120.wmf
treatment

C


oleObject110.bin

image121.wmf
pumping

C


oleObject111.bin

image122.wmf
discharge

C


oleObject9.bin

oleObject112.bin

image123.wmf
water

S

ss

s

CHCF

Î

=

å


oleObject113.bin

image124.wmf
1out_12out_2

treatment

TDSDS

out

ttdsdsdsds

tdsds

CHCFCFCF

ÎÎÎ

æö

=++

ç÷

èø

ååå


oleObject114.bin

image125.wmf

oleObject115.bin

image126.wmf
pumping,,

ikik

ik

CHPMF

=×

åå


oleObject116.bin

image127.wmf
iSWSOPIODOWT

ÎÚÚÚÚÚ


image10.wmf
sS

Î


oleObject117.bin

image128.wmf
kWDOPICIODOWTO

ÎÚÚÚÚÚÚ


oleObject118.bin

image129.wmf
dischargeoutout

CHCF

=×


oleObject119.bin

image130.wmf
H


oleObject120.bin

image131.wmf
s

C


oleObject121.bin

image132.wmf
t

C


oleObject10.bin

oleObject122.bin

image133.wmf
1

ds

C


oleObject123.bin

image134.wmf
2

ds

C


oleObject124.bin

image135.wmf
PM


oleObject125.bin

image136.wmf
out

C


oleObject126.bin

image137.wmf
in

wd

F


image11.wmf
doDO

Î


oleObject127.bin

image138.wmf
in,max

,

wdj

c


oleObject128.bin

image139.wmf
ws

F


oleObject129.bin

image140.wmf
,

wsj

c


oleObject130.bin

image141.wmf
in

op

F


oleObject131.bin

image142.wmf
out

op

F


oleObject11.bin

oleObject132.bin

image143.wmf
v

op

F


oleObject133.bin

image144.wmf
loss

wt

F


oleObject134.bin

image145.wmf
in,max

,

wtj

c


oleObject135.bin

image146.wmf
out

,

opj

c


oleObject136.bin

image147.wmf
out

,

wtj

c


image12.wmf
loup

,,,,,

sdssdssdssdssds

FyFFy

×££×


oleObject137.bin

image148.wmf
in

,

wdj

c


oleObject138.bin

image149.wmf
in

,

opj

c


oleObject139.bin

image150.wmf
in

wt

F


oleObject140.bin

image151.wmf
out

wt

F


oleObject141.bin

image152.wmf
in

,

wtj

c


oleObject12.bin

oleObject142.bin

image153.wmf
in


oleObject143.bin

image154.wmf
out


oleObject144.bin

image155.wmf
max


oleObject145.bin

image156.wmf
lo


oleObject146.bin

image157.wmf
up


image13.wmf
sS

Î


oleObject147.bin

image158.wmf
in

F


oleObject148.bin

image159.wmf
v

F


oleObject149.bin

image160.wmf
b

F


oleObject150.bin

oleObject13.bin

image14.wmf
dsDS

Î


oleObject14.bin

image15.wmf
loup

,,,,,

sopsopsopsopsop

FyFFy

×££×


oleObject15.bin

image16.wmf
sS

Î


oleObject16.bin

image17.wmf
opOP

Î


oleObject17.bin

image18.wmf
loup

,,,,,

swdswdswdswdswd

FyFFy

×££×


oleObject18.bin

image19.wmf
sS

Î


oleObject19.bin

image20.wmf
wdWD

Î


oleObject20.bin

image21.tiff




image22.wmf
in1

,,',,,

'

231212

,,,,,,

 

opsopwsopopopwtopdsop

sSwsWSopOPwtWTdsDS

dsopdsopioopioopdoopdoop

dsDSdsDSioIOioIOdoDOdoDO

FFFFFF

FFFFFF

ÎÎÎÎÎ

ÎÎÎÎÎÎ

=++++

++++++

ååååå

åååååå


oleObject21.bin

image23.wmf
opOP

Î


oleObject22.bin

image24.wmf
inin11

,,,,,',,,,,,

'

2233112211

,,,,,,,,,,

 

opopjsopsjwsopwsjopopopjwtopwtjdsopdsj

sSwsWSopOPwtWTdsDS

dsopdsjdsopdsjioopiojioopiojdoopdoj

dsDSdsDSioIOioIOdo

FcFcFcFcFcFc

FcFcFcFcFc

ÎÎÎÎÎ

ÎÎÎÎÎ

=++++

+++++

ååååå

åååå

22

,,

 

DO

doopdoj

doDO

Fc

Î

+

å

å


oleObject23.bin

image25.wmf
,  

opOPjJ

ÎÎ


oleObject24.bin

image26.wmf
out

,,'',,,,

WD''OPWTDSIOO

opopwdopopopwtopdsopioopdo

wdopwtdsiodoD

FFFFFFF

ÎÎÎÎÎÎ

=+++++

åååååå


oleObject25.bin

image27.wmf
opOP

Î


oleObject26.bin

image28.wmf
inoutv

opopop

FFF

=+


oleObject27.bin

image29.wmf
opOP

Î


oleObject28.bin

image30.wmf
inin,max

,,

opjopj

cc

£


oleObject29.bin

image31.wmf
,  

opOPjJ

ÎÎ


oleObject30.bin

image32.tiff
F _F

s.0p ~ws,o

1 2 3
Fosop Fasop oo
1 2
Froop Fio.os
F £’

io,op * io,0p

wt,op

F

op'.op

OP





image33.wmf
in1

,,',,

','

2124

,,,,

 

wtwswtopwtwtwtiowt

wsWSopOPwtWTwtwtioIO

iowtdowtdowtdswt

ioIOdoDOdoDOdsDS

FFFFF

FFFF

ÎÎÎ¹Î

ÎÎÎÎ

=+++

++++

åååå

åååå


image1.wmf
,,,,,,

ssicsiosdosdssopswd

icICioIOdoDOdsDSopOPwdWD

FFFFFFF

ÎÎÎÎÎÎ

=+++++

åååååå


oleObject31.bin

image34.wmf
wtWT

Î


oleObject32.bin

image35.wmf
inin11

,,,,,',',,,

','

22112244

,,,,,,,,

 

wtwtjwswtwsjopwtopjwtwtwtjiowtioj

wsWSopOPwtWTwtwtioIO

iowtiojdowtdojdowtdojdswtdsj

ioIOdoDOdoDOdsDS

FcFcFcFcFc

FcFcFcFc

ÎÎÎ¹Î

ÎÎÎÎ

=+++

++++

åååå

åååå


oleObject33.bin

image36.wmf
wtWT

Î


oleObject34.bin

image37.wmf
jJ

Î


oleObject35.bin

image38.wmf
out

,,,',

','

,,

 

wtwtwswtopwtwtwtio

wdWDopOPwtWTwtwtioIO

wtdowtds

doDOdsDS

FFFFF

FF

ÎÎÎ¹Î

ÎÎ

=+++

++

åååå

åå


oleObject1.bin

oleObject36.bin

image39.wmf
wtWT

Î


oleObject37.bin

image40.wmf
inoutloss

wtwtwt

FFF

=+


oleObject38.bin

image41.wmf
inin,max

,,

wtjwtj

cc

£


oleObject39.bin

image42.wmf
wtWT

Î


oleObject40.bin

image43.wmf
jJ

Î


image2.wmf
sS

Î


oleObject41.bin

image44.tiff
1 2
1 2
4
ds,wit

WT

F,

wiavd
F,

wit,io

F,

wt,ds

F,

wt,do

F,

vt,op




image45.wmf
in1

,,,,,

231

,,',

'

 

iosiowsioopiowtiodsio

sSwsWSopOPwtWTdsDS

dsiodsioioio

dsDSdsDSioIO

FFFFFF

FFF

ÎÎÎÎÎ

ÎÎÎ

=++++

+++

ååååå

ååå


oleObject42.bin

image46.wmf
ioIO

Î


oleObject43.bin

image47.wmf
inin11

,,,,,,,,,,,

223311

,,,,',',

'

 

ioiojsiosjwsiowsjopioopjwtiowtjdsiodsj

sSwsWSopOPwtWTdsDS

dsiodsjdsiodsjioioioj

dsDSdsDSioIO

FcFcFcFcFcFc

FcFcFc

ÎÎÎÎÎ

ÎÎÎ

=++++

+++

ååååå

ååå


oleObject44.bin

image48.wmf
ioIO

Î


oleObject45.bin

