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"E XTHYQV XOLEJXOL210V O JLJ STESLA02L RT0A 0EV SEOYEV HV RAT)OAV HV 

X2EVAO2S STESL2L0JV H■0E RAT)V0A ü RT0QVLS S02D2 Hi0EV SQOSS2U2SOL2TE AAO7 

E0QTXJLA210V ROA E)HATS)SQTEV4 CV XTHYQV VSL ETE Q2EJO2AV VL H■TAHAV JQVDJb 

2Q SVAO 0L2Q2SJ RT0A QO S2X0QOL2TE H0 RATSVSS0S VL 0QLJA2V0AVXVEL RT0A 0EV 

STXXOEHV E0XJA210V X0QL2DOA2ORQV4 2U2E HV S2XRQ2U2VA QO S)ELEYSV H0 AJA0’

QOLV0A 0E XTHYQV HiTAHAV AJH02L O JLJ JQORTAJ« R02S Q2EJOA2SJ O0LT0A H■0E 

RT2EL HV UTESL2TEEVXVEL4

lO DOQ2H2LJ HVS HV0B XTHYQVS O JLJ JLORQ2V ROA STXROAO2STE ODVS HVS 

QiJS0QLOLS VBRJA2XVELO0B R0RQ2JS HOES QO Q2LLJAOL0AV4
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2 XOLEVXOL2SOQ XTHVQ EOS RVVE HVDVQTRRVH UTA O SQTSVH QTTR AA2EH2EA 

S2AS02L« 2ESQ0H2EA O ROQQ7X2QQ OEH O E)HAT7S)SQTEV SQOSS2U2SOL2TE« 

XTHVQ 2S ETEQ2EVOA OEH TU E2AE TAHVA4

.TZVDVA« 2L ZOS 2ELVEHVH OS O U2ASL SLVR LTZOAH AVOQ L2XV STXR0LVA

nE TAHVA LT S2XRQ2U) LEV HVS2AE TU LEV 

H2A2LOQ STELATQQVA O AVH0SVH TAHVA XTHVQ EOS RVVE HVA2DVH OEH Q2EVOA28VH 

OAT0EH O SLVOH)7SLOLV RT2EL TU TRVAOL2TE4

IE2S

nL SOE RV 0SVH UTA S2X0QOL2TE R0A’

RTSV4

STELATQ TU LEV AA2EH2EA RATSVSS4

IEV DOQ2H2L) TU RTLE XTHVQS EOS RVVE VSLORQ2SEVH OAO2ESL HOLO R0’

RQ2SEVH 2E LEV Q2LVAOL0AV4
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lVS S2AS02LS HV RAT)OAV HV X2EVAO2 STESL2L0VEL 0E S)SLYXV STXRlVBV

HOES QV10VQ QVS REJETXYEVS RE)S210VS STEL VESTAV 2XROAUO2LVXVEL STEE0S4

30 RT2EL HV D0V O0LTXOL2SOL2TE« QVS RAJSJHVELS LAODO0B TEL STELA2R0J QV

RQ0S ST0DVEL ü QO X2SV VE RQOSV HV AJA0QOLV0AS OEOQTA210VS SQOSS210VS4

liJQORTAOL2TE Hi0E XTHYQV AQTROQ H0 RATSVSS0S UTEHJ S0A HVS AJ’

S0QLOLS VBRJA2XVELO0B Si2XRTSV HTES RT0A ORTAHVA QO S)ELEYSV Hi0EV

VOALOEL HV XTHYQVS HV HVSSA2RL2TE STEE0S« TESTXXOEHV ROA TAH2EOLV0A4

SiVUUTASV HV SLA0SL0AVA SV0B7S2 S02DOEL QiORRATSEV SQOSS210V VE O0LTXO 27

10V HVS J10OL2TES HiJLOLS4

lV RATSVSS0S HV RAT)OAV JL0H2J SV STXRTSV Hi0E RAT)V0A ü RT0QVL

S02D2 Hi0E E)HATS)SQTEV RT0A QO SQOSS2U2SOL2TE H0 X2EVAO2b 0E AVS)SQOAV

ROAL2VQ HV XOL2YAV DVAS QiVELAJV H0 RAT)V0A SV RATH02L QTAS10V QiTE STE’

S2HYAV QV S2AS02L HV RAT)OAV HOES STE VESVXRQV4

VT0A 0E LVQ RATSVSS0S STXRQVBV QiTR?VSL2U AVSEVASEJ VSL QO AJA2 7

L2TE O0LT0A Hi0E RT2EL HV UTESL2TEEVXVEL VE RAJSVESV HV RVAL0AROL2TES« 102

STEL HVS DOA2OL2TES HVS SOAOSLJA2SL210VS« S0ALT0L HV QO H0AVLJ« H0 X2EVAO2

lV RT2EL HV UTESL2TEEVXVEL TRL2XOQ RV0L7•LAV HJLVAX2EJ ü ROAL2AHiVELAJV4

Hi0E SA2LYAV VL HiJ10OL2TES HV XTHYQV DOQ2HVS S0A LT0L QiVSROSV HV DOA2O’

L2TE HV QiJLOL H0 S)SLYXV HTEL TE EV H2SRTSV ROS VESTAV4 CTXRLV LVE0 HV SVLLV

Q2X2LOL2TE« QV SET2B H0 RT2EL HV AJA2XV EV SV UVAO 10V HiORAYS HVS STES27F

HJAOL2TES VXR2A210VS ROSJVS S0A QiVBRJA2VESV OS102SV4 lO AVSEVASEV Hi0E
O

XTHYQV VBRQT2LORQV VE D0V HV QO STESLA0SL2TE H■0E AJA0QOLV0A E0XJA210V
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SV UVAO SVQTE QVS JLORVS S02DOELVSB

7 8QORTAOL2TE Hi0E XTHYQV STXRQVL H0 S2AS02L

HV RAT)OAV ü ROAL2A HV QO Q2LLJAOL0AV H2S’

RTE2RQV VE -JE2V 52E2VA4

7 f2XRQ2U2SOL2TE VE 0E XTHYQV AJH02L S2X2QO2AV

O0 RAJSJHVEL OU2E HV H2X2E0VA QO STXRQVB2LJ

du régulateur.

7 l2EJOA2SOL2TE O0LT0A H0 RT2EL HV UTESL2TEEV’

XVEL SET2S2 VL X2SV ST0S QO UTAXV SLOEHOAH

HiJ10OL2TES HiJLOL4

lVS XTHYQVS S0SSVSS2US STEL S2X0QJS S0A TAH2EOLV0A VL QV0A DOQ2’

H2LJ VSL JLORQ2V ROA STXROAO2STE ODVS HVS AJS0QLOLS VBRJA2XVELO0B4

I

I
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K4K COAOSLJA2SL210VS AJEJAOQVS

TT0S OQQTES HJSA2AV QV UTESL2TEEVXVEL AQTROQ H0 S2AS02L HV

RAT)OAV ROA AJUJAVESV ü QO /2A4 K 102 SSEJXOL2SV QVS H2DVAS ORROAV2QS

HV QO SEOYEV O2ES2 10V QVS LAOESUVALS HV XOL2YAV ORROAO2SSOEL VELAV

7‘" S0ADVASVV0B4

C)SQTEV
fT0DVASV

3JQO2 HV 
LAOESRTAL

8O0 HV H2Q0L2TE 
H0 AJSVADT2A

"

2RRATD27 
S2TE4

STQ2HV
FJSVADT2A3JQO2uu Y2 3JQO2 *AT)V0A

8O0 HV Ù Ù
H2Q0L2TE H0 
RAT)V0A

/2A0AV KBB fSEJXO RQTS H0 S2AS02L HV RAT)OAV

fT0S UTAXV HV SSEJAEO7RQTS« TE RV0L DT2A 10V SV S2AS02L RTSSYHV

0EV RT0SQV HV AVLT0A HV QO STAL2V DVAS Q■VELAJV H0 S)SLYXV4 lO DOA2ORQV

H■VELAJV QO RQ0S 2XRTALOELV VSL QiORRATD2S2TEEVXVEL STQ2HV VE X2EVAO24

QO DOA2ORQV HV STAL2V VSL QO 10OEL2LJ HV X2EVAO2 HV H2XVES2TE HJS2AJV4

TRLVE0V O0 S0ADVASV H0 S)SQTEV4
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VE)S210VXVEL SVL ORRATD2S2TEEVXVEL STQ2HV VSL VBRA2XJ ROA 0E

HJR2L STQ2HV 102 OAA2DV S0A QO SEOYEV ORAYS 0E HJQO2 HV STEDT)OAV HOES

SVALO2ES SOS« ü SO0SV HV STELAO2ELVS XJSOE210VS4 TT0S DVAATES RQ0S QT2E

10V Q■0L2Q2SOL2TE Hi0E S)SQTEV 2XRTSV 10V HOES QV S2AS02L HV RAT)OAV4

QV X2EVAO2 ST2L XJQOEAJ ODVS HV QiVO0b QO HVES2LJ H0 XJQOEAV TRLVE0

JLOEL O0SS2 0EV DOA2ORQV 2XRTALOELV H0 S)SLYXV« 2Q STED2VEL HV RT0DT2A

QO XTH2U2VA VE H2DVAS VEHAT2LS HV SEOYEVB SVS2 RV0L7•LAV AJOQ2SJ ROA

QiOH?TESL2TE HV HV0B O0LAVS VELAJVS O0B2Q2O2AVS 102 STEL ORRVQJVS AVS’

RVSL2DVXVEL VO0 HV H2Q0L2TE H0 RAT)V0A VL H0 AJSVADT2A4

lV XJQOEAV VO0 ^ X2EVAO2 ORRVQJ R0QRV VELAV HOES QV RAT)V0A Tc

SiVUUVSL0V QV REJETXYEV HV STXX2E0L2TE AJVQb VE STAL2V QV X2EVAO2 DO

SV LAT0DVA OUU2EJ R2VE 10i2Q AVSLV VESTAV HVS ROAL2S0QVS HV H2XVES2TE

2EHJS2AORQV XO2S VE UO2RQV RATRTAL2TE4 lV AJSVADT2A ORROAOYL STXXV 0E

JQJXVEL HV LAOES2L Tc SiVUUVSL0V 0EV STALV HiETXTAJE2SOL2TE HV QO R0QRVb

QO UTESL2TE H0 AJSVADT2A EiJLOEL ROS UTEHOXVELOQV« 2Q VSL LT0LVUT2S 2E’

H2SRVESORQV SOA 2Q RVAXVL 0E HJST0RQOAV 10OS2 LTLOQ VELAV STAL2V RAT)V0A

VL VELAJV S)SQTEV H0 RT2EL HV D0V HVES2LJ HV QO R0QRV VL HJR2L4 fTE

2XRQVELOL2TE Si2XRTSV O0SS2 ROA HVS STES2HJAOL2TES XJSOE210VS HV X2SV

"EV RTXRV VEDT2V QV XJQOEAV DVAS QV S)7VE RQOSV H0 RATSVSS0S AJVQ4

SQTEV ü LAODVAS 0EV SOEOQ2SOL2TE SOAOSLJA2SJV ROA Qi2ELATH0SL2TE Hi0E

lO X2SS2TE H0 S)SQTEV VSL HV SJROAVA{ QV X2EVAO2 HVET0DVO0 HJQO24

H2XVES2TES HJS2AJVS DVAS QO STAL2V« H0 AVSLV HV QO R0QRV 102 S2AS0QV4

VT0A 0E S)SQTEV 2HJOQ QO ROAL2V HV X2EVAO2 O)OEL HVS H2XVES2TES SOL2S’

UO2SOELVS STALDVAS QV S0ADVASV LOEH2S 10V QV AVSLV VSL AVEDT)J DVAS
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Q■VELAJV H0 RAT)V0A4

-QTROQVXVEL« S2 QV UTESL2TEEVXVEL HV QO SEOYEV VSL LVQ 10V HJSA2L4

QiTR?VSL2U S02DOEL H0 S2AS02L HV RAT)OAV VSL AJOQ2SJB 2 ROAL2A Hi0E X2’

EVAO2 STELVEOEL HVS ROAL2S0QVS HV H2XVES2TES 10VQSTE10VS« TE AJ0SS2L ü

STESVADVA SV0QVSQVS ROAL2S0QVS HTEL QO H2XVES2TE VSL 2EUJA2V0AV ü 0E

SV02Q SRJS2U2J ROA Qi0L2Q2SOLV0A4 lV S2AS02L HV RAT)OAV HT2L •LAV HV

RQ0S STEo0 LVQ 10V QV HJR2L HV X2EVAO2 RATH02L ST2L O0SS2 AAOEH 10V RTS’

S2RQV4 CVS2 JLOEL 0EV ORRATSEV 2HJOQV« ET0S OQQTES DT2A QV STXRTALVXVEL

AJVQ ü LAODVAS QO HVSSA2RL2TE HJLO2QQJV HV SEOS0E HVS JQJXVELS4

K4= 3VSSA2RL2TE HVS JQJXVELS HV QO SEOYEV

K4=4K lV RAT)V0A

nQ SiOA2L Hi0E RAT)V0A ü RT0QVL STXRTALOEL 0EV AA2QQV ü QO STAL2V4

lV RA2ES2RV HV UTESL2TEEVXVEL VSL OQTAS LAYS S2XRQV R02S10i2Q ) O JSAO7

liJST0QVXVEL ü LAODVAS QOSVXVEL H0 X2EVAO2 ROA QO SEOAAV HV RT0QVLS4

AA2QQV HJRVEH HV QO D2SSTS2LJ HV QO R0QRV SV 102 RVAXVL HV STELAaQVA QO

SEOAAV VE X2EVAO2 H0 RAT)V0A ROA OSL2TE S0A QiVO0 HV H2Q0L2TE4 lO RAT’

ROAOL2TE HV QO R0QRV S0RRTSV Qi2ELATH0SL2TE Hi0E HJQO2 HV LAOESRTAL SOA

QVS H2XVES2TES H0 RAT)V0A EV STEL ROS EJAQ2AVORQVS STXRLV LVE0 HV QO DO’

QV0A H0 HJR2L HiVELAJV4

K4=4= lV AJSVADT2A

lO R0QRV ü QO STAL2V H0 RAT)V0A D2VEL SV HJDVASVA HOES QV AJSVA’

DT2A HV H2XVES2TES AVQOL2DVXVEL RVL2LVS4 "EV RTXRV ü D2LVSSV DOA2ORQV
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RVAXVL H■VEDT)VA QO R0QRV ü 0E HJR2L DOA2ORQV OAR2LAO2AV DVAS QV S)SQTEV4

lV UQTL STEL2E0VQ RVAXVL HV S0RRTSVA 10V QV XJQOEAV VSL S0UU2SOXXVEL

OA2LJ HOES QV AJSVADT2A RT0A 10V QO R0QRV ST2L ETXTAYEV 24V4 QO HVES2LJ

ü QO STAL2V ST2L JAOQV ü SVQQV 102 S2YAV HOES QV AJSVADT2A4

K4=46 lV S)SQTEV

nQ O QO SLA0SL0AV HJU2E2V ü QO /2A0AV =4

û S0ADVASV
H2OREAOAXV

3JR2L XYLAV i
'A

< -K{"
■

8ELAJV

n VOAL2V 
C)Q2EHA210Vn

2

32OXYLAV H0 
S)SQTEV VOAL2V

CTE210V

2

•A2U2SV HV RT2ELV l

s )iST0DVASV

/2A0AV =B l■.)HATS)SQTEV

l■VELAJV« XJQOEAV HV ROAL2S0QVS STQ2HVS VL HiVO0« OAA2DV LOEAVE7

L2VQQVXVEL O0 S)Q2EHAV S0RJA2V0A VL 0E XT0DVXVEL LT0AR2QQTEEO2AV RAVEH

CV XT0DVXVEL HV ATLOL2TE HOES QV S)SQTEV SAJV QO SQOSS2U27EO2SSOESV4

SOL2TE HVS STQ2HVS ST0S QiVUUVL HV QO UTASV SVELA2U0AVB "EV ROAL2S0QV
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QT0AHV SV H2A2AV DVAS QV S)Q2EHAV VBLJA2V0A VL ST0S QiVUUVL HV QO RVSOE’

LV0A HVSSVEH EOL0AVQQVXVEL DVAS QV ROS4 "EV ROAL2S0QV RQ0S QJAYAV AVS’

LVAO RTS2L2TEEJV RAYS HV QiOBV VL 0E REJETXYEV HiVELAOYEVXVEL ROA QiVO0

DO QO STEH02AV O0 S0ADVASV4

lVS RVAUTAXOESVS AJEJAOQVS H0 S)SQTEV HJRVEHATEL ü QO UT2S HV

SVS H2XVES2TES RATRAVS rT0DVAL0AVSHVS H2OREAOAXVSr VL H0 HJR2L HiVELAJV

102 VSL 0EV UTESL2TE HV QO RAVSS2TE HiOQ2XVELOL2TE VL HVS RATRA2JLJS

RE)S210VS HV QO R0QRV4

K4=4= lVS SOEOQ2SOL2TES

8QQVS 2ELATH02SVEL HVS VUUVLS RVAL0AROLV0AS LVQS 10V RVALVS HV

nQ EV SVAO LVE0 STXRLV 10V H0 HJQO2 HOESSEOAAVS T0 HJQO2S HV LAOESRTAL4

lO RATROAOL2TE ü Qi2ELJA2V0AQO SOEOQ2SOL2TE QO RQ0S QTEA0V H0 S2AS02L4

HV SVS SOEOQ2SOL2TES HV QO R0QRV SVAO STES2HJAJV STXXV JLOEL ETXTAYEV4

QVS ROAL2VS STQ2HVS VL Q2102HVS SV HJRQOoOEL ü QO X•XV D2LVSSV424V $ >

3OES SV SOS QV AORRTAL HVS HJR2LS XOSS210VS STQ2HV+Q2102HV J102DO0L

AORRTAL HVS XOSSVS STQ2HV+Q2102HV HOES 0EV 0E2LJ HV DTQ0XV HTEEJV4O0

K4=4- lVS VELAJVS HV QO SEOYEV

K4=4-4K 8ELAJV STQ2HV

lV X2EVAO2 VSL SLTSVJ HOES 0EV LAJX2V VL QiT0DVAL0AV Hi0E H2OREAOAXV

RVAXVL QiJST0QVXVEL HVS ROAL2S0QVS S0A 0E LOR2S AT0QOEL rDT2A /2A4 6r

•E UO2L DOA2VA QV HJR2L VE DOA2OEL QiT0DVA7?0S10iü QiVELAJV H0 RAT)V0A4

lV HJQO2 HOES QO Q2AEV K STAAVSRTEH O0 LVXRS X2S ROAL0AV H0 H2OREAOAXV4

0EV ROAL2S0QV ü SV AVEHAV Hi0EV VBLAJX2LJ ü QiO0LAV H0 LOR2S AT0QOEL4
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CV LVXRS HV LAOESRTAL RV0L7•LAV H2X2E0J T0 OEE0QJ VE DOA2OEL QV HJR2L

ROA 0E SEOEAVXVEL HV QO D2LVSSV HV HJU2QVXVEL H0 LOR2S AT0QOEL4

K4=4-4= 8ELAJVS Q2102HV

l■OAA2DJV HV Q■VO0 HV H2Q0L2TE VSL STXXOEHORQV ROA QiT0DVAL0AV T0

QO UVAXVL0AV HVS DOEEVS4

CTEEO2SSOEL QV UTESL2TEEVXVEL AJEJAOQ Hi0E S2AS02L H0 RAT)OAV« TE

DO SiOLLOSEVA ü RAJSVEL ü 2HVEL2U2VA QVS DOA2ORQVS 2XRTALOELVS VL ü ET’

LVA QVS AJAQOAVS AJA2SSOEL QO RTEEV XOASEV H0 RATSVSS0S4 CVLLV ROAL2V

Si2ESR2AV HVS TR?VSL2US U2BJS HOES BK■ ROA /AVVE« .TASL VL 2HOXS QTAS

HV QO X2SV VE RQOSV HV AJA0QOLV0AS4

=4 C2F2CI8Fnf2In•T 38f fV8Cn/nC2In•Tf 8I VF•*l858f V•f8f V2F l2

REGULATION

=4K FJA0QOL2TE SQOSS210V H0 RATSVSS0S

lO STEH02LV H0 RATSVSS0S VE 0L2Q2SOEL HVS AJA0QOLV0AS OEOQTA210VS

O JLJ AJOQ2SJV VL S2X0QJV HOES BK■4 CTXXV QV RATSVSS0S 10i2QS JL0H2VEL

SVAD2AO HV ROSV HV STXROAO2STE ROA AORRTAL ü ETS LAODO0B« ET0S OQQTES

AORRVQVA QVS RA2ES2ROQVS H2UU2S0QLJS 102 S0AA2SSVEL ü LAODVAS SVLLV

ORRATSEV SQOSS210V4

=4K4K lVS H2UUJAVELVS SEOYEVS HV AJA0QOL2TE

8QQVS ORROAO2SSVEL S0A QV SSEJXO AQTROQ HV QO /2A0AV 64
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•E H2SRTSV HVS 10OLAV RT0SQVS HJSA2LVS S27HVSST0SB

2r CTELA6QV HV E2DVO0 HOES QV AJSVADT2A ODVS STXXOEHV

ROA DOA2OL2TE HV QO D2LVSSV HV QO RTXRV T0 VESTAV

H0 HJR2L HV STAL2V H0 AJSVADT2A4

22r CTELAaQV HV QO HVES2LJ HV QO R0QRV ü QiVELAJV H0

S)SQTEV ODVS STXXOEHV HiT0DVAL0AV Hi0EV DOEEV RT0A

QiVO0 HV H2Q0L2TE H0 AJSVADT2A4

222r CTELAaQV HV Qi0E2UTAX2LJ HV QO RATH0SL2TE ODVS

STXXOEHV ROA DOA2OL2TE HV HJR2L STQ2HV HiORRATD2’

S2TEEVXVEL HV QO SEOYEV4

2Dr CTELAaQV HV Qi2EDVELO2AV H0 RAT)V0A ODVS STXXOEHV

HiT0DVAL0AV Hi0EV DOEEV RT0A QiVO0 HV H2Q0L2TE H0

RAT)V0A4 3OES SV SOS Qi2EUQ0VESV HV QO STXXOEHV

EiVSL ROS JD2HVELV ROA AORRTAL O0 AJAQOAV HJS2AJb

EJOEXT2ES« QV RAT)V0A RTSSJHOEL 0EV AA2QQV ü SO

STAL2V« QV HJR2L HV STAL2V HJRVEH HV QO H2Q0L2TE

HV QO R0QRV VL 0EV O0AXVELOL2TE HV H2Q0L2TE VE’

LAOYEV 0EV H2X2E0L2TE HV Qi2EDVELO2AV4

lVS AJA0QOLV0AS OEOQTA210VS STEL 2S2 H0 L)RV V4n434 VL QiTR?VSL2U

AQTROQ ü OLLV2EHAV VSL HV AJAQVA QVS DOA2ORQVS ü QV0AS DOQV0AS ETX2EOQVS

VE RAJSVESV HV RVAL0AROL2TES4 CVQQVS7S2 STAAVSRTEHVEL LT0?T0AS ü 0EV

DOA2OL2TE HVS SOAOSLJA2SL210VS H0 X2EVAO2 ü QiVELAJV4 nQ RV0L SiOA2A

ST2L HV DOA2OL2TE HOES QO H2SLA2R0L2TE AAOE0QTXJLA210V ST2L RQ0S ST0DVEL
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HV DOA2OL2TES HV H0AVLJ4 CVLLV HVAE2YAV RVAL0AROL2TE VSL H2UU2S2QVXVEL

XVS0AORQV VL 2EUQ0VESV LT0LVS QVS DOA2ORQVS H0 RATSVSS0S HV RAT)OAVb

SVS VUUVLS HT2DVEL •LAV STXRVESJS ROA QO AJA0QOL2TE4

TT0S OQQTES OQTAS JL0H2VA QVS RVAUTAXOESVS AJEJAOQVS HV SV

L)RV HV AJA0QOL2TE H0 RATSVSS0S4

=4K4= VATRQYXVS RTSJS ROA SVS STXRVESOL2TES

f0RRTSTES 0EV DOA2OL2TE VE JSEVQTE HV QO H0AVLJ H0 X2EVAO2B 3V

UOoTE 2EL02L2DV« TE RV0L STESVDT2A 0E RAT)OAV HV RQ0S QTEA0V H0AJV VE’

LAOYEOEL 0E HJR2L H■VELAJV RQ0S QVEL RT0A JD2LVA QO SOL0AOL2TE H0 RAT)’

V0Ab HOES SV SOS LT0S QVS HJR2LS S2AS0QOEL HOES QV S2AS02L STEL RQ0S UO2’

RQVS VL QV RT2EL HV UTESL2TEEVXVEL SET2S2 RV0L SV LAT0DVA RVAL0ARJ« 

OSL2TES HVS AJA0QOLV0AS ü SO0SV HV QV0AS 2ELVAHJRVEHOESVS RV0DVEL •LAV

lVS

2ESTEJAVELVS4

I 3V UOoTE RQ0S AJEJAOQV« SVS RATRQYXVS D2VEEVEL H0 UO2L 10V QVS

AJAQOAVS STEL VUUVSL0JS 2EHJRVEHOXXVEL QVS 0ES HVS O0LAVS OQTAS 10■0EV

ORRATSEV AQTROQV HV QO AJA0QOL2TE HV LT0L QV S)SLYXV AJH02AO2L SVL OQJO4

TT0S RT0DTES DT2A QVS UTALVS 2ELVAOSL2TES VELAV QVS H2UUJAVELVS

RT0SQVS S0A 10VQ10VS VBVXRQVSB

7 "EV OSL2TE S0A QO D2LVSSV HV QO RTXRV RT0A QV AJAQOAV

HV E2DVO0 H0 AJSVADT2A RVAL0ARV QO RT0SQV H0 STELAaQV

HV HVES2LJ VL AJS2RAT10VXXVEL4

7 "EV OSL2TE S0A QV HJR2L HiVELAJV RT0A QV AJAQOAV HV QO

RATH0SL2TE RVAL0ARV QO RT0SQV HV STELAaQV Hi2EDVELO2AV4
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2 ROAL2A HV SVS TRSVADOL2TES« 2Q VSL 2XRTALOEL HV ETLVA 10■0E

OQATA2LEXV HV HJST0RQOAV HJLVAX2EOEL ü LT0L 2ESLOEL QVS DOQV0AS HVS

STELAaQVS OXJQ2TAVAO2L SVES2RQVXVEL QVS RVAUTAXOESVS4

=4= •R?VSL2US ü AJOQ2SVA

CV0B7S2 STEL HJU2E2S H■ORAYS BK■ VL 2QS HJST0QVEL QV RQ0S ST0DVEL

HV STES2HJAOL2TES VXR2A210VS T0 2EL02L2DVS4

FVRAVEOEL QVS LAODO0B HV .TASL VL /AVVE BK■ ü L2LAV HV STXROAO2’

STE« 2Q STED2VEL ODOEL LT0L HV STEEOYLAV QV S)SLYXV RE)S210V ODVS SVS

DOA2ORQVS 2XRTALOELVS H0 RT2EL HV D0V 10OEL2LOL2U4

=4=4K CQOSSV HV RATSVSS0S JL0H2J

TTLAV S2X0QOL2TE DO SV AJUJAVA ü 0E S2AS02L HV RAT)OAV HV L)RV

2EH0SLA2VQ 10OEL ü STE H2XVES2TEEVXVEL4 4

lTAS HV QO XTHJQ2SOL2TE« LAT2S L)RVS HV DOA2ORQVS RAVEOEL HVS DO’

QV0AS H2UUJAVELVS VE H2DVAS RT2ELS H0 S2AS02L DTEL ORROAOYLAV UTEHOXVE7

CV4 STEL QVS HJR2LS XOSS210VS« QVS HVES2LJS VL QVS UTESL2TES HVLO2VSB

H2SLA2R0L2TES« SVS HVAE2YAVS VBRA2XOEL QO AJROAL2L2TE HVS H2XVES2TES H0

X2EVAO2 S0A LT0LV Q■JSEVQQV RTSS2RQV4 VT0A ETLAV RATSVSS0S« QVS HJR2LS

STQ2HVS SVATEL HV 10VQ10VS SVELO2EVS HV LTEEVS ROA EV0AV« QV RT0ASVELOAV

XOSS210V HV STQ2HV ROA AORRTAL ü QO R0QRV SVAO STXRA2S VELAV -t■ VL Ktt■4

30 RT2EL HV D0V H2XVES2TES H0 X2EVAO2« TE S0RRTSV 2S2 10V QV X2EVAO2 ü

RAT)VA EiO ROS HV ROAL2S0QV O)OEL 0E H2OXYLAV XT)VE S0RJA2V0A ü = XX4

lV X2EVAO2 VSL H0 RTARE)AV HV S02DAV HTEL QO HVES2LJ ORRATB2XOL2DV ROA

AORRTAL ü QiVO0 VSL =4Ô4
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8E SV AVUVAAOEL ü QO /2A0AV 6« QV AJA2XV RVAXOEVEL JL0H2J VEI
SV 102 STESVAEV QVS HJR2LS VL QVS HVES2LJS SVAO HJSA2L ROA QV LORQVO0

S02DOEL B

u
» H0 UQTL 
rVESVASQJ S0A 
QO /2A4 6r

3JR2L STQ2HV 
VE4ITREVS+ 
.V0AV

3JR2L Q2102HV 
VE ITEEVS+ 
.V0AV

3VES2LJ
% HV fTQ2HV HOES 
QO R0QRV

K Kt- Ktt

= 6K4D t

6 6tt Kt=4= D=4j

£ = =t- K6649 D-4=
b

- =t- K6649 D-4=

D K6j4K tn
B

=t-Ô =Dt4 jtb

Kt-9 KjD4Ô 6Ô4-ô 2

I2*l82" Ki

=4=4= CTEH2L2TES H■0E RTE UTESL2TEEVXVEL H0 S2AS02L

lO SLOR2Q2SOL2TE HV Qi2EDVELO2AV H0 RAT)V0A r24V4 QO XOSSV SLTSVJV

ü LT0L 2ESLOEL HOES QV RAT)V0Ar VSL 2XRTALOELVb SO DOQV0A ETX2EOQV VSL

U2BJV VBRJA2XVELOQVXVEL VL VSL UTESL2TE HVS H2XVES2TES HV QiORROAV2Q4

3OES QV SOS Tc Qi2EDVELO2AV VSL LATR RVL2L« QVS HJR2LS S2AS0QOEL STEL

UO2RQVS VL QV S2AS02L EiVSL ROS 0L2Q2SJ ü STE XV2QQV0A AVEHVXVELb ROA

STELAV S2 Qi2EDVELO2AV VSL LATR AAOEH« 2Q ) O A2S10V HV SOL0AOL2TE H0

RAT)V0A4 lO DOQV0A ETX2EOQV SET2S2V 2S2 VSL HV K= LTEEVS4 3iO0LAVS
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STELAO2ELVS RE)S210VS STEL 2XRTSJVS RT0A QV RTE UTESL2TEEVXVEL HVS

ORROAV2QSB

7 l2X2LOL2TE H0 DTQ0XV HV R0QRV SLTSVJ HOES QV AJ7
6

SVADT2A ü KÔt RH§ RT0A JD2LVA QV HJRTAHVXVEL4

7 CET2B H■0E HJR2L HiVELAJV H0 S)SQTEV STXRTSJ ROA

jt■ HV STQ2HV RT0A SV S2L0VA VE 0E RT2EL HV UTES’

L2TEEVXVEL EOR2L0VQ H0 S)SQTEV4

8E RQ0S HV SVS STELAO2ELVS 2EJAOELVS O0 S)SLYXV« TE SV U2BV 0EV

STELAO2ELV 10OEL ü QO 10OQ2LJ H0 RATH02L HV STAL2VB TE Si2XRTSV O2ES2

10i2Q ) O2V XT2ES HV =-■ HV ROAL2S0QVS H0 X2EVAO2 HV H2XVES2TES S0RJ’

A2V0AVS ü D- R« O0 S0ADVASV H0 S)SQTEV4

2DVS LT0LVS SVS STELAO2ELVS« 2Q ORROAOYL VE T0LAV EOL0AVQ HiVSSO)VA

HV XOB2X2SVA QO 10OEL2LJ HV RATH0SL2TE SOL2SUO2SOELV SiVSL7ü7H2AV QV HJ’

R2L HV ROAL2S0QVS STQ2HVS HV H2XVES2TES 2EUJA2V0AVS ü D- R« O0 S0ADVASV

8XR2A210VXVEL« SV AJS0QLOL VSL OLLV2EL VE O0AXVELOEL QVH0 S)SQTEV4

HJR2L HiOQ2XVELOL2TE STQ2HV LT0L VE AVSLOEL OSSV8 QT2E HV QO 8TEV HV

SOL0AOL2TE H0 S2AS02L4

CTEEO2SSOEL O2ES2 QVS RA2ES2ROQVS DOA2ORQVS H0 S)SLYXV« QVS STE’

LAO2ELVS 2XRTSJVS VL QiTR?VSL2U ü OLLV2EHAV« TE RV0L ü RAJSVEL STESLA02AV

0E XTHYQV XOLEJXOL210V AVRAJSVELOEL QV STXRTALVXVEL H0 RATSVSS0Sb SV XT’

HYQV RT0AAO •LAV VES02LV XOE2R0QJ VE D0V Hi0EV AJA0QOL2TE T0 Hi0EV TRL2’

X2SOL2TE4
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II. MODELISATION ET SIMUIATION

1. MODELISATION DU CIRCUIT DE BROYAGE

K4K nELATH0SL2TE

TT0S OQQTES RAJSVELVA 2S2 0E XTHYQV XOLEJXOL210V 102 DO AVRAJSVE7

CV XTHYQV HT2L •LAV STEo0LVA HOES SVALO2EVS Q2X2LVS QV RATSVSS0S AJVQ4

VE UTESL2TE HV STE 0L2Q2SOL2TE 0QLJA2V0AV? SiVSL RT0A10T2 ET0S ET0S STXXVS
K

OLLOSEJS STESLOXXVEL O0 ST0AS HV STE JQORTAOL2TE ü QV S2XRQ2U2VA O0 XO’

B2X0X LT0L VE STESVADOEL 0EV RTEEV ORRATB2XOL2TE H0 REJETXYEV RE)S210V

HOES 0EV 8TEV HV UTESL2TEEVXVEL4 lO HVSSA2RL2TE XOLEJXOL210V HV SEO10V

JQJXVEL HV QO SEOYEV VSL L2AJV HV QO Q2LLJAOL0AV HV -JE2V 52E2VAB ROAX2

QVS H2UUJAVELS XTHYQVS VB2SLOELS ET0S ODTES SET2S2S QVS RQ0S ST0AOXXVEL

0L2Q2SJS B=■« B6■«

TT0S RAJSVELVATES HOES SV 102 S02L« QV XTHYQV HV SEO10V JQJXVEL

H0 S2AS02L S0SSVSS2DVXVEL VE ST0Q2AEOEL SVS 2XRVAUVSL2TES4

K4= lV RAT)V0A

K4=4K -JEJAOQ2LJS

lTAS10iTE ORTAHV QV REJETXYEV HV RAT)OAV ODVS 0EV ORRATSEV RATRO’

R2Q2SLV SiVSL7ü7H2AV VE STES2HJAOEL QO RATROR2Q2LJ HV SOSS0AV ü 0EV OR’

SS2SSV HJLVAX2EJV R02S VE AJEJAOQ2SOEL ü LT0L QiVSROSV TE ORT0L2L ü 0EV

J10OL2TE 2ELJAAT7H2UUJAVEL2VQQV ODVS HVS DOA2ORQVS 2EU2E2LJS2XOQVS HiVS’

ROSV VL HV LVXRS Bj■« lVS STQ0L2TES OEOQ)L210VS HV SVLLV J10OL2TE STEL

H2UU2S2QVS ü TRLVE2A SO0U HOES HVS STEH2L2TES ROAL2S0Q2YAVS4 "EV ORRATSEV
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STES2SLV ü H2SSAJL2SVA QO DOA2ORQV H■VSROSV VE §E§ H2XVES2TES RTSS2RQVS4

•E ORT0L2L OQTAS ü QO AJSTQ0L2TE Hi0E S)SLYXV HV §E§ J10OL2TES H2UUJAVE’

L2VQQVS DOA2OELVS HOES QV LVXRS HTEL QO STQ0L2TE UT0AE2L QO UTESL2TE

HV H2SLA2R0L2TE H0 X2EVAO2 S02DOEL QVS H2UUJAVELVS H2XVES2TES H2SSAYLVS4

f2 QiTE STES2HYAV HV RQ0S HVS DOA2OL2TES QVELVS HOES QVS RATRA2JLJS RE)’

S210VS H0 X2EVAO2 H0 RAT)V0A« SV 102 VSL ?0SL2U2ORQV« TE TRL2VEL HVS

J10OL2TES 2EDOA2OELVS HOES QV LVXRS4

3V0B ORRATSEVS H2SL2ESLVS HTEEJVS HOASÎ|=■ STEH02SVEL O0B UTESL2TES

HV AJROAL2L2TE HJS2AJVS ü QO STAL2V H0 RAT)V0AB 3OES SVQQV 102 VSL 0L2’

Q2SJV« QV RAT)V0A VSL OSS2X2QJ ü 0E §AJSVADT2A S0UU2SOXXVEL OA2LJ§ HV

STALV 10V QiTE RV0L EJAQ2AVA QO H2SLA2R0L2TE HVS ROAOXYLAVS S02DOEL

QiOBV H0 RAT)V0A4

K4=4= 3JLVAX2EOL2TE HV QO UTESL2TE HV H2SLA2R0L2TE

TT0S ORRQ210TES 2S2 QVS AJS0QLOLS HV .TASL B=■i ü ETLAV RATSVSS0S4

2 L2LAV HiORRATB2XOL2TE TEÎTTES2HYAV710V !V STQ2HV JSLVSTXRTSJ4 HY ROAL2’

S0QVS« RT0DOEL •LAV SQOSS2U2JVS VE D H2XVES2TES H2SSAYLVS 2HVEL2U2JVS

ROA QV LORQVO0 S02DOELB

» OSSTS2JV ü 
SEO10V H2X4

I VRB SB2 ‘ 2 2 ‘ =2 ‘ = 2 ‘ - 2 ‘ jK ‘ 6 2 ‘ D

32XVES2TE VE 
XVSE rI)QVAr +8 +14 +48+28 +100 +200 -200

■ icr - x'i •'“*

32XVES2TE VE R« =6j= KKjÔ -Ô9 =9- K=D D= D= " 4 "t

I2*l82" =
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CTESAYLVXVEL SVLLV H2SSAJL2SOL2TE HV QO H2SLA2R0L2TE AAOE0QTXJLA27

10V RV0L7•LAV TRLVE0 ROA QV ROSSOAV HVS ROAL2S0QVS ü LAODVAS HVS LOX2S

STXRTSJS HV XO2QQVS HV H2XVES2TES SRJS2U2JVS4 

6YE«V

22ES2 0E SE2UUAV HV QO

Q2AEV H0 LORQVO0 = STAAVSRTEH ü QiT0DVAL0AV §H§ HV QO AA2QQVB

E j7
4 l

H VE X2SATES

TT0S S2LTES O0SS2 QV H2XVES2TEEVXVEL VE XVSE rI)QVAr SOA SiVSL SVQ02 102

VSL STESLOXXVEL 0L2Q2SJ HOES QV AJE2V X2E2VA4

•E HJU2E2L OQTAS QV RT0ASVELOAV HV STQ2HV HV H2XVES2TE §2§ STE0EV

JLOEL QO UAOSL2TE HV STQ2HV ROA AORRTAL ü QiVESVXRQV 102 ROSSV ü LAODVAS

QV LOX2S §2§ VL EV ROSSV ROS ü LAODVAS QV LOX2S §2^K§4

lV REJETXYEV HV STXX2E0L2TE RV0L OQTAS SV RAJSVELVA STXXV QV ROS’

SOAV HVS ROAL2S0QVS Hi0EV H2XVES2TE HTEEJV ü 0EV H2XVES2TE 2EUJA2V0AV HV

QO UOoTE S02DOELVB

TTLTESB / « / B QVS HJR2LS ü QiVELAJV VL ü QO STAL2V V S
H0 RAT)V0A4

B QVS RT0ASVELOAVS HV H2XVES2TES 2 VE 

VELAJV VL STAL2V« 2 ‘ K ü D4

B 4«B 4 VBi S2

K B 2EDVELO2AV H0 RAT)V0A4

IT0LVS SVS DOA2ORQVS STEL HTEEJVS 2XRQ2S2LVXVEL ü Q■2ESLOEL §L§4 FVRAJ’
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i) Couplage : addition de l'entrée et des produits recyclés.

F + F 1 3F4 =

^Fli ^i + F3 X3i^ ^ F4

F3 (1 -S3} / S3

(F +F ) / (F_ + F, +w+W.) 3 r 3 1 3
I S4
d (1-S4)

Vi = 1,...,7X4i

W3

S4

$4

ii) Broyeur

* a +an F^ DVS 
o 1 4 4

!i(x
W 1 4i 

W + h (W" -W) -

W

-X5i) + (ki_lX5i-l-kiX5i) h Vix_. +h SiX..5x

W
T

*-
W -wF = F - r5 4 T

*5 *4

iü) Réservoir

F5F5
Q QS 5 dpL$5

$8 + h ^ V ^QS5_$8 +

= V + h CQS5 + \5 + ^-Q8^

dPL 15

$ +18
$8

V

; viX8i = X5i
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F
3 (48)WOF = k„ + 1.1 TT“ - 10 sd$2 8

H = (FQ - WOF d$ ) / F (49)8 8 8

VF S P WOF (50)d50 = 6XP ^3 + " 57^ +

^ a seuil
- { Log (b + e d50 ) (1 + ^ ) - r-
a b b

10.7 “ 52 ^

1 a seuil (51)}Y = d50

(ï-ï )(i-H)a 1
■ ■■■ .................................................... ■ I

(Y -Y)(1-H) ^2+ F„ (l—x ) + FaH (52)F. xF
j

&seuil3 8 8 seuil 8 8 GTE - d50''
(Y-Y^d-n)^F_x

8 8 (53)+ Hx3 seuilF3

(54)F. + FF4 1 3

F1X1 + F„x3 3 (55)x4 F 4
F„ +F3 1

(56)S F3 +F^ + w + H F4 8
d$8

S1 4 (57)*4 d 1 - S4

d§8 (58)S =
8 1 + d$8

60Q8dPLS8
+(l-S„)d (59)F8 88

(60)x5

F_x_ - F_x
8 8 3 3 (61)x9 F - F8 3
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régissant le comportement de ces variations sont obtenues directement

à partir (62) et (63) en considérant les développements au premier

ordre de f et g:

57 (ïd + 6x) “ f<VV5,> 5X+I^ ôu + > 6yôx O ôu O ôy o

Soit avec (62)

d ôf
5* = Sx o

K6X + ^ (64)Su + sydt Su o Sy o

3s. âs.^+67 = ê(s0,aD> V 6U ++ Sx + ôySy oSX o Su o

Soit avec (63)

sy = ^ (65)Sx + 6u + ôySx o Su o Sy o

Les équations (64) et (65) représentent respectivement les équa

tions d'état et des sorties du système linéarisé autour du point de fonc

tionnement noté par l'indice "o".

2.2 Expression des équations linéarisées

Suivant la technique exposée, la linéarisation des équations (41) 

à (61) conduit au nouveau système linéaire:

i) Equations d'états

d6x5 F FF
tëF4 “ (x4q-X5q) 5W - (“jy +k)

W o o

X40“X50
ôx4 (66)dt W

o
o

-x-
dftW 0_+ SW_ (67)
dt T T
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$ +1 $_„+ldô$ F8 5080 80
=■) (= - ( + t ) + ( ') 6F

d»Li4060 

*80+1, 880F50

dt 8 dl>L54060V 5Ro
O

80+ '( Ô$4R “ ^ ) I80 ^ (68)V Vo O

Fi&v =
dt dpT60 ' dpj^î^ôO

1 50 (69)) ôF, 6$4r +6-1 - ôQ+
dpLM06° 8L

ii) Equations des sorties

d (70)638 - (IM» )2 6i8

a„„d 6F80 80 L (71)ôEg^— 6Q, +60 5S8880

(X30~X80) 

30 (F80-*30)2

F80^b~X30^ 
(^30)23 SF3

F u
80-s

6F +
8 ^0^30

= F 6^ +5^9

F80 (72)"<^0^30) 6X3

2
0.25 Q2P 806P = r-2- 6Q0 + (73)5S8k? VF2(l^S_)a*258Q80

1 80

F (Y()-Y1) (1-Hj (VYo)(1-Ho)30
^3 F_^8 +'i F80 -%"F80seuil80 seuilGTE - d500

(1~Ho)F80X80
(1-Ho)d500 6Y+ seuil seuilGTE - d50

' F80X80 (1-x80,(ï2-ï0»(1-H0) . seuil<ï0-ï1)(1-H0)-F80+ -i
6dseuil 50seuil )2(GTE - d500

^ 80^80
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W ,
80X80 seuil d500

!
“ F80(l X80^ 6H (74)+ v -F + Fi 80seuilGTE -

d500

(75)^4 = ^1+ 6F3

fiW , fiW (76)^5 = 6F4 +
T T

yHoF8o/<ii “o+t,oFeo/d{eo F 30 1080
6F0 + SF 6-w6s ^ = 13 c24 2D

F (F +F ) 80V 30 10; H0 ^0+F10) H0F80 ^30^10^
65- (77)6H - ôF_ + 2d$ 2 8 2 880 80 D d§ D80

11 (78)644 “ d (l-S 5S4
40

F80X80d500^I~H0^
30 X30 30

6Yôx3 = “— ôFn + “— 6x0 - “— 6F0 + seuil8 F 38 FX80 303080

i-’VV"soy <i!o-ïi)(1-Ho) F80X80
ôH (79)UQECB 2ORR82BFT VV UQECB OR •• ÎRÎR

• A8B >ÎR ÎR tR 2ÔRn6x4 = — ôfi + — 6f3 + — 6x3 - ~ ôF41 F 3 F40 40 40 40

(81)= ^SR

d d500 500 (82)6d50 10;7S 6P - 52 5W°F

WOF „d d$WOF 800 0 (83)6W0F— d§ 6F - — 2 S80 8 FôH = 6$8 F80 80

c—1a-1§W = a, a F D 5F . + an c F^ D ’ $
140vs 40 4 1 40 vs 40

(84)
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cyseuil /■aseuil y". ■ 'T exp(*r 
d__  d 500500

6Y = - (1H1, + _ xuml ^ (85)aseuila b + e j 
d 500500

1.1 F1.1 80 (86)ôWOF = 6F 5$d$ 8 8d $?80
80(

oS7U BQU )YES9CS7U 2♦♦n ? 2♦Ôni

F BQ UIA6SBQ Hô4 UCf7CRCQ YEQ B5S7 lS7UC2TEQ BS 3SECS9CS7

2Q BS 3SECS6BQ lSEEQUVS72S79Q.

0 B5C72ClQ 5S5 UCf7CRCQ YEQ B5S7 VEQ72 BS 3SBQEE 7SAC7SBQ «Q

2Q BS 3SECS6BQ
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2QU 3SECS9CS7U SE9SEE 2E VSC79 2Q E)fCAQ Q7 l/SYEQ C7U9S79 898 VSEE l/S?
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D.Î c7RBEQ7lQ 2QU EQ9SE2U 2Q VESVSfS9CS7
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BQU )B)AQ79U 2Q EQ9SE2 C79ES2ECUQ79 BS 2)RC7C9CS7 2Q 3SECS6BQU UEVVB)AQ7?
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F♦OF

2HQAVBSIQE E7Q SE9EQ VESl)2EEQ 2Q lSBlEB 2QU VSESAT9EQU 2Q RSçS7 ? lQ
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VSESAT9EQU Q9 BH)9S9- USC9 Q7 E9CBCUS79 BQU E)UEB9S9U 2Q BS 9/)SECQ 2QU

UIU9TAQU SE9S S2SV9S9CRU.

YS E)fEBS9CS7 2E VESlQUUEU lSAVBQAQ 2Q 6ESISfQ QU9 2S7l Q73CUS?

fQS6BQ ? VSE9CE 2Q BHCAVBS79S9CS7 UEE lSBlEBS9QEE 7EA)ECYEQ 2HE7 SBfS?

EC9/AQ 2)9QEAC7S79 BS lSAAS72Q Q7 9QAVU E)QB. YHSV9CACUS9CS7 7HQU9

VSUUC6BQ YEQ UCABHS7 9ESE3Q E7 AS2TBQ 3SBC2Q UEE 9SE9 BHQUVSlQ.
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0.238
0.297
0.174
0.061
0.134

IT* 99
NO- 1

"=Y 44O.ORRRR
{RFD {=FÎ

D’♦.R’’ÔO
{=Ft
t44.Î4ROO

{=FO
Î♦Ô.ÔÎ♦♦:

{=0♦ {=F: {RFÔ
Î:R.OR:RÔ

{=F’
:Î.44’4t

Y 4R Î4.:RRRR OÎ’.O’’ÔO
«"D R.:tO’Î R.:O♦ÎÎ R.O♦♦Ot

j=•r 4ÔÎ.R:ÔÔ♦
V=Yr Î:.t’ÔÎO

•j 4Ô L R.t♦♦:’
RORL 4R’.Î’ÎO’

•j 4t L c. 4RÔO:
cc. Ît4DÔ•r D4.R♦R♦D s^ L 4Î.t♦t’Ô

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
s L

{L 4’Ô >t-nr >Oc44L >Ô2cnL >’c c n L >Î2 c nr
R.RRR
R.RRR

R.■DÔ 
R + R’R

R.R4D
R.RtD

R.R44
R.RtD

R.R4♦
R.ROÔ

R.DR4
R.DOÔ
R.4♦♦
R.R♦’
R.4ÔÔ

R.4tt
R.DtO
R.4’R
R.4R4
R.D♦♦

R.4tO
R.Dt♦
R.4’4
R.4RD
R.D♦t

R.RRD
R.RÔt
R.DD♦
R.4:’
R.ORÔ

R.DRR
R.ÎR’ 
R. 4:: 
R.R:D 
R.4♦’

4^L 4’Ô
{=F4

"=Y 44O.ORRRR
{=FD {=Ft

t4D.t:ÎÎ’
{-FÎ
D’♦.’OÎÔ♦

{=FO
t4t.O’♦tt

{ =F♦ {=F: {=FÔ
t44.’t::O

{=F’
44t.’’’O4

Y4R Î4.:RRRR OÎ’.O’’ÔO
«"D R.:tÎ♦D 

•j 4Ô L
R.♦RODOR.:Ot♦Ô

sR•+ 4♦♦.DÔ’:’ R.Ot:O’ •j ctL 4.R’Ô♦♦
V=Yr D’.♦t♦ÔD ? R D4.O:tOÔ RORL 4O’.DtR4:

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
>’4 c n L

s^ L 4Î.RtÎÔR 4D.’Î:♦ts L

{rD’: > O24 4 L >Ô-n L > Î244 L 
R.RRR 
R.RRR 
R.RRD

0.012
0.043
0.145

0.028
0.C90
0.201

0.012
0.043
0.145

0.016
0.059
0.201

0.257
0.165
0.068
0.190

0.244
0.188
0.100
0.268

0.244
0.188 
0.100 
0.268

0.081
0.222
0.177
0.518

0.307
0.175
0.071
0.172

IT* 297
Mn- 3
296.49219

NO-4
411.99146

NO-i
"=Y 44O.ORRRR

ND-2 NU-5
412.02563

N(l-6 Nu —7 NU-8
410.71216

NU—9
114.22339

UO 31.70000 539.59985
DEN 0.74340 

PH I 8 =
0.75452 0.60414

0.54505
050= 157.53409

WOF* 166.77637 
VOL- 31.38069

PH 14= 1.09774
12.88224P» 21.55945

CRItÉRE= 79.36325
WT = W = 12.88053

I fER» 2
I

ÉCOLE POLYTECHNIQUE Cn
i



pagp oonii c\r22/‘‘1'n» Tg = 7A1 {,97 1 MA'"-"■URA" *V G 1 r%« r L

■B a‘{"c={ ^•4 2+n -^EO24On -^>O24O4-^•a4O24On-^•Ô2On-^"Ô4On-^>Z2On-^=Z2On

rr t.rr »rrrrÙ19Ù U c a-Y ‘^ c Ü{ •- a77KY• YV =- c^ l rrr♦r♦rr»rrrrrrrrrrrr1■rr 1-1!r rrrrr r
•rrÙrrllrrrrrrrrlrrrrrrrrrrrrrrÙrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

===B

C** LF M’IFRAI EST REPARTI EN 2 DIMENSIONS SEULEMENT
■rr
■rr YK a=oK oK •Z=■Ko-ZK K"^ coK{^c=-K ‘- ■‘" o- a=oKYK ■=a•YK^ 
■rr V=cZ Y• •Z=GZ‘aaK o- a=oKYK ■=a•YK^ •=-Z YK" ■=aaK{^‘cZK" 
4Ô2On
Z K ‘•2O » 4 n ZK->c-"K-cY

>F•--Z■K{^‘GK oK ocaK{"c={ c{•KZcK-ZK ‘ :O

RRRD
•RZa‘^c•:.t-•O.Î-•♦.4n
o= OR c ^KZL4 » ’ 

. ZK‘o2O-O4n •B.j‘.=Y.=Z
•=Za‘ ^2•O.B»•t.4-•O.4-•♦.4J 
sZc^K2♦-’Ôn
•=Za‘^2 4j 4 n

4RRRÎ
RRRt
RRRO
RRR♦
RRR:
RRRÔ

O4

’Ô
sZc^K2♦-’’n
•=ja‘^24R>-4RR2Bjrn-4R>R/-OR>-H{=-VKYYK" V‘YK-Z" =- ■={^Z=YK/cDR 
K 4jr n n
sZc^K2♦-:4n • 4-s‘-=Y9 =Z
•=Za‘^!4R>-HV‘YK-Z" oK" ■={^Z=YK" H-///-4R>-H• 4L •-•4R.O-4R>-•s‘^L 
4 »-ECR.O-4R>-HYc=L H-•4R.O-4R>-HRÔL H-•4R.O-/n

RRR’
RR4R ’’

RR44
RR4D :4

ÎD jLR.RRD
■ ZK"=Y-^c={ oK" K=-‘^c={" o- a=oKYK a‘^jKa‘^c=-K ‘VK■ -{ •‘" o- c{^KGZ‘^ c ={ j

"Î LR. . V V V V V V V V V V V V V V V V V V V V V
•j cÔL4•
s^ LR 
>O L R .

RR4Î

RR4t
RR4O
RR4♦
RR4:

J

>ÎLR. 
V=YLc■■. 
• ÎLR .
c ^ L 4

RR4Ô
RR4’
RRDR
RRD4
RRDD
RRDÎ

S
9S

{L 4
44 { L {» 4
■‘YY ÜKY‘c•2Ô-E4-•4Z-c^-jn
■‘YY K{^ZK•2>Î-"Î-•Î->4-•4Z-s‘-•t-•jct->tn

=Z=YK-c•t-•jct->t-•O-•jcO->O-s-BK-j-s^n

iRRDt
RRDO
RRD♦
RRD:
RRDÔ
RRD’

■‘YY
■‘YY ■{V•j"c"t-•j!tn
■‘YY oKY‘cBc4O-•O-•OZ->O->OZ-c^-j-•jcO-•jcOZn
■‘YY BK"KZV2•OZ.•jcOZ->OÔ-•Ô-"Ô->=-=•.j-=YRV=YR•jcBn

C

■‘YY ZK^‘Zo!c ^-j->Ô-•Ô-RÔ-"Ô-RD->ÔZ-•ÔZ-=ÔZ-"ÔZn
■‘YY ■Y■ZKo2>ÔZ-•ÔZ-RÔZ-"ÔZ-"K-cY-•Î9>Î-ROR-•-sR•-"În 
•’L• ÔZF• Î

RRÎR
RRÎ4
RRÎD
RRÎÎ
RRÎt
RRÎO

c•2•’.K!.=.n G= ^= DR 
>’L2>ÔZr•ÔZF>Îr•În/•’ 
c•c{.{K.4RRn G= ^• DR
sZc^K2♦-DRRn

DRR •=Za‘ ^24DR24jrcn
sZc^K2♦-4RRn c^

4RR •=Za ‘^cc■>-•c^L • - c Î-//-t>-H{=FB•-4R>-•{=FD•-4R>-H{=FÎH-4R>-H{=FtH- 
4-4R>- H{=F"r-4R>-H{=F♦r-4R>-H{!F^r-4R>-•{=FB•-4 =>- H{=F’rc 

V V V V sZc^Kc♦- 4R4n •4-•Î-•t-•O-•Ô-•’V V V V V V V V V V V V V V V V V V V V V V V V V V V
^Ô4 •oZa‘E2B>-H"=YH-•4R.O-4Ô>-•4R.O-t>-•4R.O-t>-•4R.O-DÔ>-•4R.O-t>-•4R.
4.On
sa!^K2♦-4RDn s‘-=Y

4RD •=Za‘^ c c>-HYcRr-4t>-•4R.O-Ot>-•4R.O4 
sZ c ^K c♦-4Rtc "Î-"t-"Ô

104 FORMAT I IX,'PEN*,28X,F10.5,4X,F10.5,43X,E10.5,/)

0036
0037
0038
0039

0040
0041

0042
0043
0044
0045
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■ *K R8HDD-cK ^B cV 2 ^K 4♦’HKY

RRt♦
RRt:

sjc^K2♦»4RÎn >B->Î->t->"9>Ô->’
•R=a ‘ ^2D>»->4L •-•Ô.t- 4Î>-H>ÎL •-• Ô.tRO>-•>tL •-• Ô.t-O>-•>OL ■.•RB. 
4t-DO>RH>ÔL H-•Ô.t.Ô>-H>’L r-ÔÔ.t-//n
sKc^•2♦-4■În V7Y-•-7♦R-s^-s

4RÎ

RRtÔ
•=Za‘^2O>-HV=Yl-•4R."RO>--•LH-•4R.O-O>--oORL--•BR.O-O>R•s^LHR•4Î. 
4O.O>- HsLr-•4Î.O-/n
sZc^Kc♦-4R♦4 s=• r •j 4Ô » •j 4t
•-Ka‘^c4R>-rsR•LH-• 4R.O-4R>-••j c ÔL •-• 4R.O-4R>-••j 4tL•-• 4R.O-/n

4RORRt’

RROR 
RRO4 
RROD -
RROÎ

4R♦
{L4
4 •2c^ . K=. ÎDOn G= ^= ÎRDR

RROt
RROO
RRO♦
RRO:
RROÔ
RRO’

!^Lc ^r 4 
G= ^= 44
•"r> ’r•’ V V V
WKITE16.701 ITER,PS
•RZa‘^c4R>-H!^KZL •-c Î-4R>-•■Zc^KZKL H-•4R.O-//n 
■={^c{-K

ÎR

:R
OR
♦R "^=•RR♦R

RR♦4 K{o

•‘GK RRR4•=Z^Z‘{ cV G YKVKY D4 o‘^K L :t4♦’ 4R/DD/tt=KY‘c•

"-BZ=-^c{K oKY‘c•cK•-•4-•4Z-c^»jn 
oc•K{"c={ ^•4 4Ôn
c•-^.G^.K•n G= ^= 4 
• 4Z L R .

RRR4
RRRD
RRRÎ
RRRt
RRRO
RRR♦
RRR:
RRRÔ
RRR’
RR4R

^•K c ^ n L •4 
G= ^o D 
{L4^/K• 
«L c ^F{KK•F» 4 
•cZL^•42«n 
^•K «n L •4

4

RR44
RR4D

D ZK^-Z{
K{o

•‘GK RRR44R/DD/tto‘^K L :t4♦’K{^ZKK•=Z^Z‘{ cV G YKVKY D4
"-BZ=-^c{K K{^ZKK 4>Î-"Î-•Î->B-•BRs‘-•t.•jct->tn

■ =ZG‘{K oK ■=-•Y‘GK ‘ooc^c={ ac{KZ‘c {=-VK‘- K^ ZK^=-Z =- ■Y■Y={K 
•tL•Î 8 • B
c•2•t.£R.o.n G= ^= t

RRR4

RRRD
RRRÎ

>tL2•Îr>Îs•4r>4c/•t
c•c"«.K-.=.n G= ^= D
jÎr•Îr44.F"În/"Î
S4=(F3+F1)/IF3+Fl*WA4W3)
GO TO 3
S4 = F l/IFKWA)

0004
0005
0006
0007
0008
0009 2

3 CALL CNVSPH(S4»PHI4)
GO TO 10

4 PH 14 = 0. ___________
X4 = 0.

10 RETURN

0010
0011
0012
0013
0014
0015 END
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c•9R‘.K=.=.n G= ^= 2

RROYEUIr4,PHI4,XA,FS,PHI S,X5,W,PK,IUWT)
ZK"=Y-^c={ K=-‘^c={" oc••KZK{^cKYYK" K^ ‘YGKBZc=-K" 
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RRRÎ

• 9

RRRt
RRRO
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RRR:
RRRÔ
RRR’

V.L ‘R82ar•trr‘nroV"+42•jctrr■n
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•j cO L •j ct 
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RR4R
RR44
RR4D
RR4Î
RR4t
RR4O

D •O L R .
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c•2c^.G^.KBn G= ^= 4
• OÔ F R .

RRR4
RRRD
RRRÎ
RRRt

•j 4OZ L R.
>OZLR.
^•O2 c^n L •O 
^•jcOc=Î!R?’=♦ 
^ >O{c^nL>O 
G= ^= t

RRRO
RRR♦
RRR:
RRRÔ
RRR’
RR4R

{Lc^/KB 
«L c ^F{rKB 8 B 
•OZL^•O2«n
•jcOZ L ^•jcO2« n 
>OZL ^ >O4«n
^•Oc«nL•O

RR44
RR4D
RR4Î
RR4t
RR4O
RR4♦

4

^•jc O2«n L •j4O 
^>Oc«nL>O 
ZK^-Z{

RR4:
RR4Ô
RR4’
RRDR

t
K{o C

V•‘GK RRR44R/DD/tt•=Z^Z‘{ cV G YKVKY D4 o‘^K L :t4♦’ZK"KZV

"-BZ=-^c{K ZK "K ZV2•O-•j c O->O-• Ô-"Ô->R-RÔ-j-=Y-V=Y-•j c Ôn 
■ a=oKYK o- ZK"KZV=cZ
c•c•O.KR.R.n G= ^= D 
■‘YY ■{V•j"2"O-•jcOn

RRR4
ZK"=Y-^c={ oK" K=-‘^c={"

RRRD
RRRÎ

■‘YY •■"=Yc•O-■"O-RYO-"On
PHI8=PH1B*H*IPH I 8+1.)* IQS5-PHI 8*(QL5♦QL)J/VOL 
VOL= VUL + HMQS5 + QL5+QL-Q8 )
■‘YY ■{V•j"2"Ô-•jcÔn
■‘YY ■{V=•c=Ô-•Ô-"Ôn
>Ô L > O

RRRt
RRRO
RRR♦
RRR:
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RRR’

!

RR4R
RR44
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"=H=. 
>ÔLR . 
ZK^-Z{
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=■^HF HFS/‘ •■ *K L ■■ J’TUt H G Y jK^

"-RFKj-^c{K ZK^‘Zo 2 c ^-j->Ô-•Ô-=Ô-"Ô-KK->ÔZ-•ÔZ-=ÔZ-"ÔZn 
"cj-Y‘^c■{ ZK^‘Zo oK" V‘Zc‘BYK" KG‘Y ‘ KKrj 
ocaK{"c={ ^•Ô2On-^"Ô2On-^■Ô2On-^>Ô2O c 
c•cc^.G^.KKn G= ^= c

RRR4 E
RRRD 
RRR 4

••ZLR.
=•ZLR.
"ÔZ L R. 
>•ZLR.
^• •2c^nL•Ô 
^=•c c cn L YÔ

RRRt
RRRO
RRR♦
RRR:
RRRÔ
RRR’

^UQC A L "Ô 
2TAC ALAQ
Q7 ^ot 
{»c^/KK 
«Lc^F{rKK♦B 
•ÔZL^•B2«c

RR4R
RR44
RR4D
RR4Î
RR4t
RR4O

4

Ô
=ÔZL ^-B2«n 
"•ZL^"Ôc«n 
>ÔZL^>B2«B 
^• Ô2« n L•Ô 
^=Bc«4LRÔ 
^"•c«n»"Ô

RR4♦
RR4:
RR4Ô
RR4’
RRDR
RRD4

TXfllJ)»X8 
RETURN

RRDD
RRDÎ
RRDt

t
K{o

•‘GK RRR44R/DD/tto‘^K L :t4♦’■Y■ZKo•=Z^Z‘{ cV G YKVKY D4

"-BZ=-^c{K ■Y■ZKo c>Ô.•Ô-=Ô-"Ô »"K-BY-•Î->Î-oOR- •- s=•- "În 
ZK‘Y KB-KD-KÎ
o‘^‘ K4-KD-KÎ-‘Y.V•-"/♦♦.O-F’Î.R-t.’Ô-D.RR-♦ 
c•c•B.K=.=.n G= ^= Î

RRR4
R■=D
RRRÎ
RRRt

Î.♦DO/. -

•L2RÔ/cKBrV•r244.F"Ô4rrR.4DOn44rrD.
/•r•Z/"BF•Z
sR•LKDtB.Brs•F4R.r"
jjL2s•Fs=•n/s •
D50=EXPlK3+(VF/2.6I-IS/3.5)*CP/10.7»-(W0F/52. ) ) 
D=SEUIL/D50

RRRO
RRR♦
RRR:
RRRÔ
RRR’
RR4R

!

!

BrK> •2‘YnFD.
>"K-cY L • >•2‘Y ron 
>ac{LB.
>a‘>LK>•2DR.ron 
Yac{rY2>ac{-•-on 
V•‘>LV2>»‘>-•-Rn

RR44
RR4D
RR4Î
RR4t
RR4O
RR4♦

YSEIML*YIXSeUIL,H,D)
Yl=!YSEUIL-YMIN)/D 
Y2=(YMAX-YSEUIL)/(10.*D-DI 
FX3P=F8*X8*(Y1*Il.-HH)+HH) 
FX3G=F8*I1.-X8)*(Y2*1 
F3-F X3P*FX3G

0017
0018
0019
0020
0021
0022

X 3=F X 3P/F 3 
S3*F3/«F3*WF*HH) 
GO TO 10 
F3»0.
X3«0.
RETURN

0023
0024
0025
0026
0027
0028

3

10
END0029
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FUNCTION YIX.P.D)
CALCUL OF LA VALEUR MOYENNE DU COEFFICIENT DE REPARTITION DU CYCLONE 

Y=(ALÜGCFUX)*(l./B)*ALCG((B+XI/X))/?.
return

CC01
c

0002
.0003

ENDCOCA
FORTRAL IV S EEVEE 21 108228AA VASE 0001DATE = 7 A169CLVQF

SUBROUTILE CLVCFl0RF R S)
C COLVERSIOL DEBIT VOEUAETRICUF TOTAE EL DEBIT SOEIDE AASSIQUE 

DATA RCETD80.C0A222.B8
RnS = DRROE

0001

0002
0003

QE=6 0.*Q*• l.-S)*ROS*ROE8lS*ROE*-l l.-S )*ROS)
F=S*QE8ll.-S)
RETURL

CCOA
0005
0006
0007 ELD

VASE 0001108228AADATE = 7A169FQSQEFORTRAL IV S EEVEE 21

SUBROUTILE FQSQElF2QS2QE2S)
C COLVERSIOLCEBIT SOUDE EL DEBITS SOEIDES ET EIQUIDES 1 VOEUAE TR I QUE S ) 

DATA RCE2D8O.OOA222.R8
RnS = 0*RQE

000 1

0002 
000 3

FE=F8S-F 
QS=F8IROS*60.) 
fE=FE8lR0E*60.) 
RETURL

OOOA
0005
0006
0007
0008 ELD

DATE = 7A169 108228AA VASE 0001FORTRAL IV S EEVEE 21 CLVFQ I

SUt'RUUTI NE CNVFQIF ,Q»S) 
C CONVERSION DEBIT SOLIDE

DATA RCE2D80.00A222.88 
RUS=0RR0E

0001
DEBIT VOEUAETRIQUE TOTAE

0002
0003

QE =F8S-F
Q=lF8RSS?0E8ROE)86O.
RETURL

OOOA
0005
0006
0007 ELD

FORTRAL IV S EEVEE 21 CLVVHS DATE = 7A169 108228AA VASE 0001

SUBROUTILE CLVVHSI S R VH I) 
C COLVERSIOL RAVVORT VOEUAES 

DATA C82.88
S = nRVHI8lQ*VHI ? l. )

0001
SEURRY-DELSITY

0002
0003

RETURLOOOA
0005 ELD

FORTRAL IV S EEVEE 21 DATE = 7A169CLVSVH 108228AA VASE 0001
0001 SUBROUTILE CLVSVHlSTVHI) 

C COLVERSIOL SEURRY-DELSITY 
DATA 082.88
FOR T ALORIVASEE2

RAVVORT VOEUAESISOEIDE8EIQUIDE)
0002
0003
OOOA
0005

RETURN
END
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■ **<* * * *** >**
NOUVELLES VALEURS DU CONTROLE

,.*** ._ ***
#***#**#**#****#**«#*#*******«**#****##*«><>* *******<< ********** ******^***«*** *********************** *********************

VALEURS DES CONTROLES

EI0= 539.59985 08= 1650.00000BAT= 31.70000F1 = 105.C00C0

^t^^^m*******************^***********^**************************** *****************************************************
IJ* 99

LO-9
100.88843

LO-8
405.55176

LO-6 LO"7LO-5
405.48975

LO-4
409.39526

LO-3
304.41211

LO-2LO- 1
SOE 105.00000

539.5998531.700CCEIQ
0.599480.7536?0.74876DEL

X9= 0.7536X8=0.3331X4= 0.2202 X 5= 0.3358X3= 0.1931Xl= 0.2990

12.5587312.36346050= 150.28854 BT = B =V= 21.49330VOE* 41.42468

VH 1 4= 1.092440.53454VHI 8 =BOF* 168.90332

^^t************************************************************************************** ******************************
IT* 198

LO-9
105.14478

LO-7 LO-8
408.99902

LO-5
409.45288

LO-6LO-4
408.86694

LO-3
303.86035

LO-2LO- 1
SOE 105.00000

539.5998531.70000FFOR 0.602600.753190.74817DEL

X8= 0.3437 X9= 0.7540X5= 0.3440X4= 0.2267X3= 0.2017XI* 0.2990

12.4188812.44818050= 155.20671 BT = B =V= 21.53848VOE* 40.98293

VH I4= 1.08991VH 18 = 0.54155B0F= 167.44849

************************************************************************************************************* ****** 
IT* 297

LO-6 LO-7 Lf-8
408.59790

LO-9
104.97607

LO-5
408.67310

LO-4
408.62598

LO-3
303.62573

LO-2LO-1
SOE 105.00000

539.5998531.70000EIQ
0.602240.753100.74805DEL

X8= 0.3440 X9= 0.7552X5= 0.3440X4= 0.2268X 3= 0.2019XI* 0.2790

12.38802050= 154.66444  BT = 12.39037V=D 21.53360 B =VOE* 41.27718
VH I4= 1.089390.54073VH 18 =BOF* 167.60669

CRITERE* 79.25180I TER* 1

i
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*♦*< *** * * *‘*♦4** ♦ . ***
MOUVELUrS VALEURS DU CONTROLE

****##*****************#«->*»*»***»#*»*»******4*»*4************#*******4********«*********+***4*************************

VALEURS UES CONTROLES

■ *«4 ► * *^^V***._,.***.. . .***. . _ . '**

08= 1650.00000LI0= 539.59985W A T= 31.70000Fl= 115.50000

********##*♦♦#*********** ♦♦♦«♦♦♦♦♦♦♦♦♦«A*********** ******************************** **♦*<■*********♦ *********************
1 T= 99

NO-8
414.02051

NO-7 NO-9
109.34888

NO-5
419.67798

N 0-6N 0-4
420.03149

NO-2 NO-3
304.49609

NO-1
SOE 115.50000

539.59985LIV D 31.70000 D D
0.607110.757940.74825OEL

X8= 0.3514 X9= 0.7485X4= 0.2327 X5= 0.3562X3= 0.2078Xl= 0.2990

14.16952BT = 14.15185D50= 161.88318V= 21.59785 B =VOE= 40.00169

VH 14= 1.11826V H18 = 0.55187BOF= 165.54688

******************************************************************************************************** ***********
IT= 198

LO-7 LO-8
414.96826

LO-9
112.67065

LO-5
418.86572

LO-6LO-4
417.83618

LO-3
302.32959

LO-2LO-1
SOE 115.50000

539.59985E 10 31.70000
0.607950.756910.74682OEL

X 8= 0.3645 X9= 0.7570X5= 0.3644X3= 0.2182 X4= 0.2405Xl= 0.2990

13.77020BT = 13.82168D50= 163.51859V= 21.61206 B =VOE= 43.78683

VH 14= 1.11204VH 18 = 0.55383BOF = 165.09326
*********************************************************************************************************************** 

IT= 297

LO-7 LO-8
414.20142

LO-5
417.66089

LO-6 Lf-9
112.00586

LO-4
417.69751

LU-3
302.19849

LO-1
SOL 115.50000

LO-2

539.5998531.70000E10
0.607270.74679 0.75689OEE

X8= 0.3635 X9= 2R1082X 5= 0.3634X4= 0.2399X3= 0.2173XIR 0.2990

13.75869 13.76051BT =V= 21.60225 D50= 162.38989 B =VOLD 46.83510

VH 14= 1.11191VH I 8 = 0.55224=O7D 690RC2019

CRITERE= 84.86131IT ER» 2
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C ****************** **«**#******#*#************<'**<'*******<'************* ********* 
C***********MrjDELE LINEARISE AlltnUR D'UN POINT DE REGIME************************
C***********************************************************************  ********
CR*R*CE AODEEE REVRODUIT SOUS FORAE AATRICIEEEE EES EQUATIOLS 166) A lH9)

DU RAVVORTC
C*** EES AATRICES SOLT COLSIDEREES SOUS FORAE DE VECTEUR DALS TOUT EE VROSRAAAE

AVEC EA COLVELTIOL SUIVALTE 
C** SI AU2J) EST ULE AATRICE DE LE EISLES ET LC COEOLLES AEORS OL EA REVRESELTE 
C*«** VAIL) VECTEUR AVEC L=lJ-l)*LE*I
CRR CE OUI SISLIFIE QUE CE VECTEUR EST COLSTITUE VAR EA SUCCESSIOL DES EISLES

C

DE EA AATRICE AU2J)C
REAE Kl.K=.KT 
REAE AO
DOUBEE VRECISIOL DVHl289)2DET 
DOUBEE VRECISIOL DABS 
DIAELSIOL VHQ-112)2VB112)

0001
0002
0003
000*
0005

DIAELSIOL VAl 16)2VBl16)2VC I68)2VDI289)2VE168)2VFFI68I RVII289)2VHl2
189),L(17),M(17) , VHE(f>8 ) , VHF ( IS8 ) , VHEC I 16 I , VHFC I 1 6 ) , VX I 16 ) , VU I 1 6 ) , VO ( 5 1 ) , 
1151),VP(1?),VHO(51),VL*(*),VL17I17I,VL3( 3)
DIAELSIOL RRl4)2RII*)2IALAl4)
DIAELSIOL VI4l16)2VHVXl16)2XVl16)2A3l4)2XXI4)2YYl17)2UUI4)2A2l4)2B 
111 17) 2R2l17)2BBl3)2B3l17)2A514)2BRI3)2TB13215)

0006

0007
0008

DIAELSIOL 2X168)2=Ul68)
DATA CTE84.778
DATA AE82.C8
DATA TAU2D2Kl2K22K32RK2R0E2S2VF2Al2A2DVS2C2SEUlE80.052?.8266.52-93 
1.024.9825.88620.004223.62526.20.002320.59281.725.43274.08
DATA Xl2Yl2Y22V80.29921.09924.87625.3898

0009
0010
0011
0012 >

SS
Q0013

C*** EECTURE DES VAEEURS DES DIVERSES VARIABEES AU RESIAE CHOISI
C** LV- EES VARIABEES DOLT EE LOA SE TERAILE VAR YO* SOLT EES VARIABEES

COLSIDEREES A EEUR VAEEUR LOAILAEE
S

S UB
READ 1 52 1) X302X402X502X802X90 
FORAATI6F5.3J
READl522) Fin2F302F402F5n2F802F90

0014
0015
0016

l

FORAAIl6F5. I )
RE ADl523) BAO2OEO2080 
F0RAATl2F5.12F6.1)
RE ADl524I S402S802VHI402VHI80 
FORAATl2F5.322F6.3)
READ l 525) 1I08OVD8 VOEO2VO2D5002BOFO2HO2YQ

20017
0018
0019
0020
0021
0022

3

4

FORAAT12F4.122F5.?2F6.22F5.122F5.3)
C*** REAISE A =ERO DE TOUTES EES AATRICES

CAEE RA2AATIVA216) D  D D D D D D D
CAEE RA2AATI Vil2 16)
CAEE RA2AATlVC268)
CAEE RA2AATIVD2289)

50023

0024
0025
0026
0027

CAEE RA7AATlVC268)
CAEE RA2AATlVFF268)
CAEE RA2AATIVI2289)
CAEE RA2 AATlV V212)
CAEE RA2AATlVU251)

C*** CAECUE CES COAVOSALTES LOL LUEEES DE CHAQUE AATRICE AVEC EES EXVRESSIOLS

0028
0029
0030
0031
0032

DOLLÎES DALS EE RAVVORTC
VCl2l)* IX40-X50)8BO
VA l 5 ) "F 40* I X 40- X50 ) 8 l A0**2 )
VAU ) *-F4 08BO"VK
VC I4 1 I*F408B0
VAl6 ) R-18TAU

0033
0034
0035
0036
0037

ÉCOLE POLYTECHNIQUE U)
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pat.f oon?na T (: _ 7/. 1(t,9! TR f " • f G ■ '■‘"'L 7 I MA ,M

VC<6?)=l/rAU
VA ( 1 1 ) = ( F 50/ ( 60*n*l<ni )-PHIRO* t (F5l!/( n»ROL*PH 140*60 ) )+0L0) l/VOLO- ( P 
1H I RO* 1 ) * ( ( F60 / ( 0*P riL *° HI 40*6 0 ) +01.0 ) ) /VOLO 
VP|J3) = (PMIBn*l)*(l / l[)*P.rlL*6 0)-PHIPÜ/(D*ROL*6O*PHI4O) ) /VOLO

0038
0039

0S4Q
VVI07) «lVHIVO ? 1 )*VHIVr■*F508 l VT.lEO*r>*60*ROE*l VH 140**2) )
VB«II) ü-lVH 180*1)*VH18 08VOEO
VVO4) = l8 lU*R0E*60)*l8l0*R0E*VHI4b*60)
VVl08)=-F 508I60*0*801*1VHI40**2))
VBl 12)*l.
VVl16)ü- 1 «

0041
0042
0043
0044
0045
0046

VEl3 5 ) =08ll1*D*VH18 01**2 ’
VDl2)=60*080*l0**2)*R0E8llS80*ll-S8O)*D)**2 > 
VFFl53)=F808QV0
VDl20)=F30*lX30-X80)8llF80-F30)**2)
VDl190)=F 808lF80-F3f)
/nl71)=FRORlXR0-X30)8l 1F80-F 30)*R2 )

C04 7 
0048 
0049 
0050 
0051 
0052

Vl'( 156)=-F30/ (F80-F30)
VF F I55)=2* PO/080
VD(4) = (Q80**2)*0.25/((1 Kl*VF)**2)*( ( l-S80)**1.25))
VD(22)=F30/FR0
VD(192)=F80*(Y0-Y1)*(l-HO1*0500/SEUIL-F80*(Y2-YO)*(l-HÜ)/(CIE-SEU1

0053
0054
0055
0056
0057

i

1E8D500)
V1)I277) = F80*X80*l1-H0)*D5008SEUIE-F8 0*l l-X80 ) * l 1-HO ) 8 l CT E-SEUI E8D50058
UOf)
VVl209)=F80*XB0*lYO-Y1)*ll-HOI8SEUIE-F80*l1-X80)*lY2-Y0)*l1-H0)*SE 
lUll8llCTE*D500-SEUIE)**2)
VDl243)=-FR0*X80*lYO-Yl)*D5008SEUIE-F80*l1-X80)*lY2-YO)8lCTE-SEUIE 
180500)*F80

0059

0060

VF F l 6 ) = 1 .
VDl74 ) = l .
VDl092)=1.
VEl24)*-l8TAU

0061 
0062 
006 3 
0064 
0065 
0066

VDl2621=18TAU
r.E Yl2 = l F30*F10*BAn*H0*FR08 inRVHlVO) )R*2
VDl76)=lBA0*H0*F808lV*VHI8ni18DEL2 
VF FlR )=lBAD ? HO*FVO8lD*VHIRO) 18DEL2 
VFFl25)=-lF30*Fin)8DEL2
VDl246)=-lFRO8lD*VHI80)*lF30?F10)18DEL2
VDl251=-lHO*lF3f?F1U)8lD*VHI80)18DEL2
VEl42)=lH0*Fr08ln*lVHI80**2))*lF3U*F10)18DEL2

0067
0069
0069
0070
0071
0072

VD(1281=1/(0*((1-S40)**2)1 
VD(2 71*X 30/F80 
VD( 1 97 1 = X3f.’/X 80 
VD (78)“-X30/F30
VDl2R2) = F8li*X80*l l-Hn)*D5008 lF30*SEUIE) 
VDl2 14) = FViZRX80*l YO-Yl )*l l-HO 1 8 l F 30R SEU I E 1

0073
0074
0075
0076
0077
0078
OC 79 
0080 
0081 
0082 
0083 
0084

Vnl248)=F80*X8U*l-•lYO-Y11*050018SEU1E-1)8F30
VF Fl l 1 ) = X18F4U
VDl7 91=X 308140 D D D D D D D D D
VD(164)*F30/F4U 
VD(096)=-X4O/F4O 
VQ(4 6 1 » 1 .
V!)l 64 1 «05008 1 0• 7
VDl234)=-D500852
VDl32)=jnFn*D*VHI808lF80**2)
VEl49)R-B0F0*l)8F80
VDl236)=-D*VHI808F80
VDl101)=A1RARlF4 0R*lA-l11*DVS*lVH 140**01

0085 
OC 86 
0087 
0088 
0089 
0090

I
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PAr-.F oon^1A/so/5^•»/->TRi l~» A T E =“ 1 G ------- L MAT”

vn(l5? ) = Al*C* ( F4(!«=*A )*CVS#( PHI40**(C-1 ) )
vn(2? L ) = (1/AL)*t I 1 + 1/n )*(-AL*SEUIL*EXP{AL*SELIIL/D500)/(< B+EXP(AL*SEUJ L 

lEUlL/n5GfJ) )*( 0500**2) ) ) + AL*SELHL/(R*<D500**2) ) )
VO(31)=1.1/IU*PH1RÜ)

0091
0092

0093
VE(4P)=-l.l*f 80/(0*1DH1 en**2)1 
ViR 178(6,200)
7OR)AT.22n3*)ATRISE A •l
SALL ES-I T.VA3C3C3VLCl 
=R5TE.93622l
7fl8)AT.?On3H)ATRISE 8 D l

22YC
22Y0
22Y9
22Y1
22Y8
22YY

222

622
SALL ESRIT.VB3C3C3VLCl 
=R5TE.93ISJl
74R)AT.22n3H)ATRISE S • l 
SALL ESRIT.VS3C3613VL61l 
-RITE.9366Yl
7-R"AT6?2n3?)ATRISE 8H l

2622
2626
2622
262J
262C
2620

62J

66Y
SALL ESXIT.V83C3J3VL1l
=8 5TE.9362Cl
7 DR)AT.?On3H)ATRISE 2 •l 
SALL ESRITiVD3613613VL61l 
=RITE.93620l
7O8)ATI?On3?)ATRISE E Hl

2629
2621
2628
262Y
2662
AU«

62C

620
CALL fcCRITIVE,17,4,VL4) 
WRITE(6,1C6)
7OR)AT.?Sn3H)ATRISE 7 •l 
SALL ESRIT.V773613C3VLCl 
=R6TE.93668l
7.6R)AT.22n3H)ATRISE 2H l

2662
266J
266C
2660
2669
2661

629

668
SALL ESRIT.VK3613J3VLJl
SALL KEI T).VI361l
DK 62 F=632RY 
V-.Fl=VI.Fl-VD.Fl
=8 I TE.9362 1l
7OR)AT.22n3?)ATR ISE -=. 6-2l Hl

2668
266Y
2622
2626
2622
262J

62 i

621 J
SALL ES?I )V-3613613VL61l

S** SETTE 8ARTIE 7AIT A88EL A C SOKS-8RO>RA))ES OK SYSTE)E IB) J92 
)IEV-ÎEVERSIOE DHKEE )ATRISE 
)8RS-8RODKIT OE 2 )ATRISES
=S8>-REED KEE )ATRISE VKELSOEVKE 8RESVKE TRIAE>KLAIRE
AT7I>-RSS-ERS-E LES VALEKRS 8RO8RES DHKEE )ATRISE 8RESVKE TRIAE>KLAIRE

262C

S
S
S
S

DO 6222 6=6328Y
6222 DV-rIl=V-.Il
SALL D)IEV.DV-36138ET3L3)l 
DO 62S6 6=6328Y

6226 V-.Il=DV-.Il
=R I T 7.93622 l

2620
2629
2621
2628
262Y
26J2

7KR)AT.22n3• )ATRISE - IEVERSEE ■l
SALL ESRIT5V-R61361RVL61l
=RITE.936222l DS T 

6222 7OR)AT562n3HDET= D3762R0l
SALL )8R8IV-3VE3V-E36136132323Cl
=R I TE.9362Yl

62826J6
26J2
26JJ
26JC
26J0
26J9

7üb)A42Sn3H)ATRISE 8RODKIT -E=-*E = ) AT RI SE EE •l
SALL ESRIT.V-E3613C3VLCl
SALL ) 8R 6l6 V-3 V77 3 V-7 36136132323Cl
=RITE.9366Sl
FORMATI20X,'MATRICE PRODUIT HF=H#F=MATRI CE FF') 
CALL ECRITIVHF,17,4,VL4)

62Y26J1
26J8 
26JY 
26 AO 
26C6 
26A2

662

ÉCOLE POLYTECHNIQUE 00Cn
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PAGE 000414/50/50flATP = 74 1 ft 9?’-----TKAf *•• G I MAI'1

CAEE HVKOIVH2VO2VHO2172172020211 
BVITEl621201
FORAA 1 l2 OX 2 •V ATBI CE VKCDUIT H0=H*0=AATRICE SS• ) 
CAEE EC?1 rlVllO217232VE1)

0143
0144
0145
01.46
0147
0148
0149
0150
0151
0152

120

CAEE KVRDIVC2VAE2VUEC24217202024)
BRITEl62 111)
FORAAT 12CX2•AATRICE VRODUIT HEC = C*H*EY)
CAEE ECRITlVHEC24242VE41
CAEE AVRDI VC2VHF2VHFC24217202024)
BRITEl62117)

111

112 FORAATl20X2YAATRICE VRODUIT HFC=C*H*FYl 
CAEE FCRITlVHFC24242VE4>
CAEE AVRDlVC2VH02VH0C24217202023)
CAEE ECRITlVH0C24232VE3)
BRITEl62113)

113 FORAAT!IVX.«EE SYSTEAE EST SOUS EA FORAER2820X.RX.=AA*X*BBRU?CCRB1

0153
0154
0155
0156
0157
0158

I

1)
DO 11 J=l216 
VXIJ)=VAlJ)ÔVHEClJ) 
VBlJ)=VV• Jl ? VHOClJ) 
VU1J ) = VBIJl?VHFCIJ)
BRITElTt2 114)

0159
0160
0161
0162
0163

I11

FORAAI l2CX2YAATR ICE AA Y) 
CAEE ECKITlVX24242VE4) 
BR+TEI62115)
FC)RAArl20X2YAATRICE BBYl 
CAEE ECRIT!VU24242VE4) 
BRITEt♦2121 )

0164
0165
0166
0167
0168
0169

114

115

F0KM4T(?PX,'MATRICE CC 1 
CALL ECRIT!VW,4,3,VL3)
CAEE HSRSl42VX24)
BKITEl62116l
FORAAT!10X2YAATRICE AA RELDUE VRESQUE TRIALSUEAIREY) 
CAEE ECRIrlVX24242VE4)

1210170
0171
0172
0173
0174
0175

116

C CAECUE DES VAEEURS VROVRES DU SYSTEAE 
CAEE ATEIS!42VX2RR2RI2IALA24)
BRITEl62117)
FORAAT!10X2YVAEEURS VROVRES DE EA AATRICE AA•2820X2•RR=VART IE REEEEEY28220 
IEEY28220X2YRI=VARTIE IAASILAIRE*)
DU 12 J-124D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D
BR I TE ! 6213) R RlJ) 2 R I!J )
FORAAT!10X2YRR!J) = •2F 10.5210X2YRH J) = *2F10.5)
COLTILUE D
DEBUT DU TEST DE VAEIDITE DU AODEEE 
REAISE A =ERO DES VARIABEES DU SYSTEAE
EES VECTEURS UU2XX2YY2HBB CORRESVOLDELT A CEUX DES EQUATIOLS 114) ET l95)

DU RAVVORT

0176
0177
0178 117

0179
0180
0181
0182

13
12
C
C
C
C

CAEE RA=AATlUU24)
CAEE RA=AATlXX24)
CAEE =7L69CQSS8UB)
CAEE RA=AAT!BB23)
TEST VU AODEEE EILEARISE VOUR ULE VARIATIOL DU COLTROEE lVREAIER) DE 103

0183
0184
0185
0186

C
UUl1)=10.5
H= 0.002
CALL TEST!VX,VU,VHE,VHF,XX,YY,UU,H,WW,VW,VHQ) 
STOP

0187
0188
0189
0190
0191 END

doÉCOLE POLYTECHNIQUE
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D A:= 00nI’Y Y508 C r%‘YE = •69UR TE"lR8 S
SUBROUTILE TE STlVX2VU2=X2=U2XX2YY2UU2H2BB2VB2VHQ) 
CE SOUS-RROORAAAE S!AUEE EF SY ST - BE OEFILI VAR 

lXX > Y=AA>XX*RV*UU*CC*BB 
YY = Er>XXiFF4.uutY2Ù^BB

0001
c
c
c
OIKELSIOU VHOCl12)2VBl12)
DIAELSIOL VA I 16)tVVl16)tVCl6R)2V0l289)2VEI63)RVFFl68) 2VIl289)2VHl2 
189)2EI IT)2AI17)2VHEl68 ) 2VHFl68)2VHECl16)2VHFCl16)2VXI 16)2VUl16)2V0l 
II51)2VVl12)2VUQl51)2VEAl4)2VE17{17)2VE3• 3J 
DIAELSIOL VJ4l16)2VHVXl16)2XVl16)2A3•4)2XXl4)2YYl17)TUUl4)2A2l4)2B 
11l17).R2l17)2BBl3)2B3l17)2A5l4)2BRI3)2TBl3215)

0002
0003

0004

DIAELSIOL =XI68) 2=U•68)
OL RESOUD VAR EA AETHODE O’ EUEER

0005
C
c
CAECUE CE A A ? H * I lI AATRICE ULITAIRE) 
CAEE RA=AATlVI4216)
CAEE ULITAIVIA2*2)

c
0006
0007

DO 1 J=1 R 16 
VHVX1J)=H*VXlJ)
DO 2 J=l2 16
XV IJ )*VI4lJ)ÔVHVXlJ)
DEVUT DU BOUCEASE D1 ILTESRATIOL 
I T = 1

oocr
0009
0010
0011

1

i2
c

0012
L= 10013

0014 L = L? 1
CAECUE DE EA VARIABEE D* ETAT XX A E* ILSTALT IT 
CAEE AVRDlXV2XX2A32424202021)
CAEE AVRDlVU2UU2A2242420202l)
CAEE AVRDtVB2BB2A52423202021 )

10
C

0015
0016
0017

DO 3 J = 124
XXlJ)=A3lJ)?lA2lJ)?A5lJ))*H 
CAECUE DE EA VARIABEE DE SORTIE A E* ILSTALT IT 
CAEE AVRDI=X2XX2B121724202021)
CAEE AVRDI=U.UU28221724202021)
CAEE AVR VlVHO2BH2B321723202021)

0018
0019 3

C
0020
0021
0072

DU 4 J = 12 17
YYlJ)=B1lJ)?B2tJ)*B3lJ)
DEFILITIOL DES VARIABEES HR DEVALT ETRE RETARDEES 
BRl1)=YYl7)
BRl2)=Y Yl 9 )
BRl3)=XXI 1)

0023
0024 4

C
0025
0026
0027

CAEE CEEA IlBR2BB2H2I T215)
lFIL.UE.100) SV TO 5
ECRITURE DES RESUETATS TOUTES EES 100 ITERATIOLS 
BR IT E 162200)

200 FORAAT!12Cl1H*))
BRITEl6217) IT 

0028
0029

C
0030
0031
0032

FORMAU10X,‘SOLUTIONS DES EQUATIONS L I NE AR I SEE S ‘ , / , 1 OX , • I T= ‘,13)
BR I T EI626) lXX!J)2J=124)
FORAAT!10X2‘VECTEUR D+ETA T•28210X2•XlJ)=•24 ! 1OX2F10.5))
BR I T EI627) lUU!J)2J=124)
FORMATIIOX,‘VECTEUR DE CONTROLE•,/,1OX,» U!J) = •,4(10X,F 10.5))
BR 1 T El628) lYYlJ)2J=1217)

120033
0034
0035
0036
0037
0038

b

7

FURAAT!10X2‘VECTEUR DE SORT IE•2821OX2•YlJ) = •2825l10X2F 10.5))
BR I T El6220) lBB!J)2J=l23)
FORAAT!10X2‘VARIABEES RETARDEES*28210X2•B!J)=‘23l10X2F10.5)>

80039 
0040 
004 1 
0042 
0043 
0044

20
L* 1
!FlIT2EQ.325) SO TO 9 
I TRI T*1

5

c’o
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r* 9 r* c oo no- - E = ’ 9Y HHH02/ c n?TR V > H *L TE"

2SC0 FO rA «A
7IE DE L* IETE>RAT IOE 
RETKRE 
EED

RE>I)E 8ER)AEEET ATTEIETS
22C9 
2SC 1

Y

8A>E 22266C/02/02DATE = 1C69Y7ORTRAE IV > LEVEL 26 DELAI

2226 SKBROKTIEE DELA)=R3==3-3IT3XBl
SE SOKS-8RO>RA))E RETARDE LES VARIABLES =R IVKI DEVIEEEEET ))l DE XB ITERA

TIOES
S
S

DI)EESIOE )R5Jl3=-.Jl3T-IJ360l2222
222J I7.ITR>TRXRl >O TO 6

RE)ISE A ZERO DES VARIABLES SI IT IE7ERIEKR A XB 
DO ? F=l3J 
V«=IF l = 2 •

)ISE EE )E)OIRE DE )RKl
T)IF36Tl=-RIFl

S
222C
2220

S
2229 2
2221 >O TK C

SALSKL OK 8OIETEKR I DAES LA )E)OIRE T).F3Il 
E=IT/X8 
I * I T-RECXB 
I7IIREOROl I=XB 
DO 0 F=6 D J

S
2228
222Y
2262
2266

6

LESTKRE DES VARIABLES RETARDEES )) DAES LA )E)OIRE 
)).FB*T).F3Il
ESRITKRE DES VARIABLES A RETARDER -R DAES LA )E)OIRE 
T)I F * 6 l = )RKl
RETKRE

S
2262

S
226J
226C
2260

0
C
EED

i

7ORTRAE IV > LEVEL 26 DATE = 1C69Y 6C/02/02 8A>E 2226KE I T) 5
SUBROUTINE UNITMIV.N)

S** 7OR)ATIOE D!KEE )ATRISE KEITE DE E LI>EES ET E SOLOEEES 
DI)EESIOE VI6 l
E)=EDD2

2226

2222
222J
222C
2220
2229
2221
oooa
222Y

F=6 ■

R2 VI Fl)R
I7IFREORE)l >O TO 6
F*FCE-D6
>O TO 2
RETKRE

5
5
H•

6 5
EED2262

5
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00 '■ 0/5E = S9L FC':TRi ’ G

SUVR OUT I LE ECRITlVRLERLCtVE)
C** FCRITlIxr [)• U'JE MATRICE OF NL LIG’IES et NC COL flNNFS
C** REMAROUt-LES ELEMENTS PE5 10 PREMIERES COLONNES D'UNE MEME LIGNE SONT 

ECRITS SUR UNE LIGNE

0001

C
SYIE V A VEUS DE 10 COEOLLES EA SUITE DE EA EISLE EST ECRITE
A EA EISLE SUIVALTE SUR EE VAVIER 
DIAELSIOL VU J.VEIll 
BRITEI6.10)
FORAATI1201IH*))
1 = LE

C
C

0002 
0003 
000 A 
0005

10

11 J=LE-IÔl0006
0007
0008
0009
0010
0011

E = 1
VElE)=VlJR 
IFIE.EQ.LCI SO TO 8 
J = JR LE 
ECER l

2

SD TU 2
IFC4C-5) 52521
HRlT E1623) lVElE)2E=12LC)
FURMATUX.IOIFIO.5,1X1)
SD TU 7
HR 1 T E I 626) 1VEIE)2E=12LC)

0012
0013
0014
0015
0016
0017

8
1
3

5
FORAAT!IX25lF12.525X)1 
IF!I.EQ. 1 R SO TO 4 
1 = 1-1 
SO TO 11 
RETURL

0018
0019
0020
0021
0022
0023

6
7

4
ELD "I

8A>E 2226DATE = 1C69Y 6C/02/027ORTRAE IV > LEVEL 26 R AZ)AT i

SK8R2KTIEE RAZ)ATIVRE)I
S** RE)ISE A ZERO DHKEE )ATRISE DE E) ELE)EETS 
DI)EESIOE VK l
DO 6 F*63E)

2226

2222
222J

6 VIFl=2R 
RETKRE

222C
2220
2229 EED

j
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HA K Ai r\ i ^

0.00.37906 
-20.00000

-39.63599 0.0
0.00.0 0.0
0.0-41,02715IL^Q. 0.0
0.00.0 0.0 0.0

HATRICE B
***********************************************************************************************************************

0.00.0 0.00.0
0.00.00.0 0.0

-0.02053 0.00.00 .0
-1.000001.000000.00 .0

HATRICE C
♦«♦a************#************#*#********#******#***:********************'**#***********#*********************************

0.00.00.00.0-0.009750.0 0.0 0.00.0 0.0
0.00.00.033.75000 0.0 0.00.0

0.00.00.00.00.0 0.00.00.0 0.0 C .0
0.020.000000.00.0 0.0 0.00.0

0.00.00.00.0 0.00.00.0 0.00.0 0.0
0.0 0.00.0 0.00.00.0 0.0

0.00.00.00.00.0 0.00.0 0.00.0 0.0
0.00.00.00.00.0 0.0 0.0

MATRICE P
**+++***mmm **++****+*******+** ********* *+****+*****++*+**+*+***++* *************************************** **********

0.00.0 0.0
0.00.00.0

0.02749
2.72707

10.06573 0.0
-490.27832 
HATRICE Q

0.0

***********************************************************************************************************************
0.00.0 0.00.00.0 0.00.0o.c0.00.0

0.00.00.00.0 o.c0.0 0.0
0.00.0 0.00.00.00.00.0 0.01101.90430 0.0

0.00.00.00.00.0 0.00.0
-2.857140.00.00.00.00547 0.00.0-0.00405 0.00.0

0. 00.00.00.03.85714 0.00.0
0.0 0.00.00.0 0.00.00.013.43962 0.0 0.0

0.00.00.0 0.00.00.00.0
0.00.00.00.00.00.0 0.0 0.00.74074

-195.19115
0.0

129.867860.0155.09708
1.00000

0.0-0.058490.0
0.00.0 0.00.00.00.00.0 o.c0.0

0.00.00.00.00.00.00.0
0.00.0 0.01.00000

20.00000
0.00.00.0 0.00.00.0
0.00.0 0.00.0 0.00.0

0.0 0.00.00.00.00.00046
-0.37666

-0.00035 O.C 0.00.0
0.00.00.00.00.00.0

5.80682 0.0 0.00.00.00.00.00.0 0.00.0
0.00.00.00.00.00.00.0

0.0 0.00.00.0 0.0-0.00059
-0.48327
0.00044

0.00.00.00044
0.54434

0.0
0.664580.00.00017 0.00.0

0.740740.0-0.00052 0.0 0.00.00.00.00.0
0.00.00.00.00.00.00.0

0.0 0.0 0.00.0 0.00.00.00.00.00.0
0.0 0.00.00.00.00.00.0

0.00.0 0.00.00.0 0.014.24299
-2.93077

0.00.00.0
0.0 0.00.00.00.00.0

0.00.00.0 0.00.0 0.00.00.00.734310.0
0.0 0.0 0.00.00.00.00.0

0.00.00.00.0 0.00.00.00.00.001530.0
-0.00370 0.0 0.0 0.00.00.0 0.0 I

ÉCOLE POLYTECHNIQUE o
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n n0.0 r\ rt' 451).0 0.0.c
u • 0 
0.0

0. u 
0.0 
0.0

0.0 u.O
0.0

0.0 0.00.0
0.00.0 0.00.0 0.00.0 0.0

0.0-0.CC065
matrice e

0.0 0.00.0 0.0

************* **» !̂******^********«****‘*********v **************************** *********‘***************************
0.00.448720.0 0.0
0.00.00.0 0.0
C .00.00.0 0.0
0.00.00.0 0.0
0.00.00.00.0 .
0.00.0 0.00.0
0.0-20.00000 0.00.0
0.00.266830.00.0

• 0.00.00.00.0
0.00.0 0.00.0
0.00.0 0.00.0
0.00.0 0.00.0
0.00.00.0c.o
0.0-555.88110

-1.16010
0.00.0

0.00.00.0
0.00.00.0 0.0
0.00.0 0.00.0

MATRICE F
************************************************************************************************************* ******

0.00.00.00.0
0.245450.0 0.00.0
0.00.00,0 0.0
0.026070.0 0.00.0
0.00.00.0 0.0
0.00.01.00000 0.0
0.00.0 0.00.0
0.00.00.00046 -0.00139
0.00.00.00.0
0.00.00.00.0
0.0o.c 0.00.00074
0.00.0 0.0c.o
0.00.0 0.00.0

0.0
0.0

0.00.00.0
0.00.00.0
0.00.00.00.0
0.00.0 0.00.0

MATRICE C
***********************************************************************************************************************

0.00.00.0
0.00.00.0
0.00.00.0
0.00.00.0
0.00.0c.o
0.00.00.0
0.00.00.0
0.00.00.0
0.00.00.0
0.00.00.0
75TOoToc.o
1.000000.00.0
0.00.00.0
0.00.00.0
0.00.00.0
0.00.00.0
0.00.0Ô70 !
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E H D )VA
. *** *** ***#***************♦*♦****««.#***»*****»»****♦ v-»»rf*»4.*^*v***^-^^***T^^T*** . . . f* + i. . . . i**4

0.0
>

0.0 0.0 0.00.00.0 0. 00.0 o.c1.00000
0.0

**********
0.0

0.00.0 0.00.00.0 0.0
0.00.0 0.0 0.0 0.00.0 0.00.01.00000
0.00.0 0.00.0 0.00.0

2.857140.0 0.0 0.0-0.00547 0.01 .000000.00405
-3.B5714

0.00.0
0. 00.0 0.00.0 0.00.0

0.00.00.0 0.0 0.01.00000 0. 00.00.0-13.43962
0.0 0.0 0.00.00.00.00.0

0.00.00.0 0.0 0.01.00000
-155.09708

-0.74074
195.19115

0.0 0.00.0
-129.867860.00.05849 0.00.0

0.00.0 0.0 0.0-1.00000 l.000000.00.0 0.00.0
0.00.0 0.0 0.00.0 0.00.0

0.00.01.00000 0.0-1.00000
-20.00000

0.0_______ 0.0 0.00.0 _0.0
0.00.00.0 0.0 0.00.0

0.0 0.00.0 1.00000-0.00046 
0.37666

0.00.00.00035 0.00.0
0.00.00.00.00.0 0.0

-5.80682 1.00000 0.00.0 0.00.0 0.0 0.00.00.0
0.00.0 0.00.0 0.00.0 0.0

1.000000.0 0.0 0.00.00059
0.48327
-0.00044

0.0-0.00044
-0.54434

0.0 0.00.0
0.0 -0.56458-0.00017 0.00.0

-0.740740.0 0.00.00052 0.00.0 0.00.00.0
0.00.0 0.00.0 0.01.00000 0.0

0.0 0.00.00.0 0.00.0 0.0 0.00.0 0.0
0.0 0.00.01.00000 0.0 0.00.0

0.00.00.0 0.00.0 -14.24299
2.93077

0.00.00.0 0.0
0.00.0 0.01.000000.00.0

0.00.00.0 0.00.00.0 0.0 0.0-0.734310.0
0.00.01.00000 0.00.00.0 0.0

0.00.00.0 0.00.0 0.0-0.00153 0.0 0.00.0
0.01.00000 0.00.003700.00.0 0.0

-49.97743 0.00.0-0.01451
1.00000

0.00. 00.0 ______  0.0_____0.00.0
0.00.0 0.00.0 0.00.0

0.00.00.0 0.0 0.00.00.0 0.00.00.0
0.0 1.000000.00.00065 0.00.00,0

MATRICE H INVERSEE
***********************************************************************************************************************

0.00.00.0 0.00.0 0.0D 0.0D0.0 0.01.00000
0.00.00.0 0.00.00.0 0.0

0.0 0.00.0 0.00.00.00000 0.01.00000 0.06626RY2CJ2
0.00.00.0o.coooo 0.00.00.0

0.0 0.0 0.00.00717
2.49261

-2.057141.00000
-0.00046

-0.00658
-0.00787 
l.00000 
-0.00000 
-2.03739 
-0.15444

-2.24352 -0.00196
0.90261
-0.00000

-0.682100.00.0
0.00.0 0.00.00.0 0.00.06JRCJY96

0.00.00.00.00000
-0.00000
-0.14305

0.00.0
0.000000.00.0 0.00.00.86502

-6Y0R6Y660
1.00000

155.09708
Y20R18992

129.867860.00.0
0.000000.0 0.0 0.0l.000001.00000

155.09708
3.96896

0.86502 
-195.19U5 

3.97491 
-774.70557 

0.00049 
-0.09009

-0.00000
-0.14305
0.00000
-0.56774
O.COOOO
-0.00007

-2.03739 
-0.15444 
-8.08632 
7.47338 **********

Y20R18992
129.86786
l.COOOO 5804.19922 

515.44019 
-0.00000 
0.05994

0.00.0
999.54858 -0.000001.29015

20.00000
C216R2Y2Y1
0.0

0.0 -0.000001.000000.00046
-0.30508

0.0-0.00094
0.00132

0.53011
0.00.0 i.ooOoo0.00286

-0.52312
0.00092
2R99269
2R22292
2R02CC6

-0.00000
0.34805

0.00268
-1.77155
-0.00059
-0.57529
-0.00052
-0.43840

-0.00000
-0.00000

-0.00546
0.00768
-0.00160
0.00246
-0.00102
0.00183

5.80682 -0.00000o.coooo
-0.00038 
0.00030 
-0.00011 
0.00000 
-0.00007

3.07827
0.0

1.000000.00.0 0.00.00.99512
0.0 0.487530.0

0.740740.0 0.0 0.0-0.000520.66398
1.00000

Ô.COOOÔ
0.0 0.35087

0.00000 0.00.00.0 Ô70 0.0 0.00.00000Ô70
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0 6 2CCl
0.0
1 .ccooo 
o.c
0.ccooo 
-0.00000

-c .0 IRSS00
0.0-2.15210 14.24209

-2.93077
0.0 0.00.0 0.00.0

0.0 0.00.0 0.00.0
0 .0 0.082YR6C680 2R1JCJ6 . 0.0 0.0 0.0 0.00.0

0.00.0 0.0 1.ccooo 0.0 0.0
0.0 0.00000-0.00118 0.0 0.0 0.0-1.3041B -0.000000.0

0.00000
0.01451 -0.00000 290.20996 49.97742 -0.00000
1.00000 19.27861

0.0 0.0 0.0 -0.00370
-0.30245
0.38139
-0.00927
0.00191

1.00000 
0.14B45 
-86.28745

0.0
2R600CY

-28RY1012
2R226C2

0.00000
-2R2262J

691R210J6
2R2

2R2 2R2 2R2 2R22R2 2R2 2R26RC6YJ9
-0.00065 0.0 1.000000.02R2 2R2

8ET" 6 .00000
)ATRISE 8RODKIT HE = H*cATRICE EE

***********************************************************************************************************************
0.44872 
494.44409 
0.47382 
6.? 3 059

■ 0.00.00.0
0.00.0c.o
0.00.0 0.0

0.0 0.00.0
0.0 321.33643 

321.33643 
1133.14697 
0.12380 
0.71890 
-0.25189

0.00.0
0.0 0.0 0.0

0.0-20.00000
0.00000
0.00000

0.0
0.00.0
0.00.0
0.00.00.0

0.0 -0.21197
0.00000

650.95972
-192.80493

0.31077
40.59048

0.00.0
0.00.00.0
0.00.00.0
0.00.00.0
0.00.0 0.0
0.00.000000.0

-0.42383
AATRICE VRODUIT HF*H*F*AATRICE FF

0.00.00.0

***********************************************************************************************************************
0.0
0.24545
-0.00065

0.0 0.00.0
0.0 0.0 0.0

0.0 0.00.0
0.02607
0.15920
0.15920
0.76483
0.00010
0.00056

0.0 0.00.0
0.0 0.00.0
0.0 0.01.00000

3.96896
2R222C9
2R22298

-8.08633
-0.00139
-0.00809

0.0
0.0
0.0

0.00010
0.00012
0.00000
-0.15689
0.18024
-0.00029

212Ô122R2
2R22R22222 2R2
2R22R22R2

2R2 2R22R2
2R2 2R22R2

2R22R22R2
2R2J228
2R22262

-2RC2CJ2 2R22R6C8C0
2R2

)ATRISE 8RODKIT -V=-*V=)ATRISE SS
**•R•**•«R««•*«************•*•*****************************************************************************************

0.0

0.02R2

0.02R2
0.00.02R2
0.90261070070
0.02R22R2
-6Y0R6Y660
-6Y0R6Y660
-11CR12001
-2R2Y22Y

2R22R2
2R22R2
2R22R2

2R2 2R2
-2R02J622R2212
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23 t
2 • K o.sc2 

1.00000
V • V

0.0 0.0
0.00.0 0.0
0.00.0 0.0
0.00.0 0.0
-28.075720.0 0.0
0.00.02R2

8ATRISE 8RODKIT HEC=C•YH*E
****************************************************************************************************** ***********

-62R28166
866R82Y01

2R22R22R2 R
2R22R222222R2
2R22R22R22R2
2R22R22R22R2

PATRICE PRODUIT HFC=C*H*F
^^***^0^^t***********************************************************************************************************

0.00264
0.60562

0.00.0-2R222JJ 
2RY98Y9 -V .08633 0.0

2R2 
2R2

*********************************************************************************** ************************ ******
68RY2106 
-01YR06CC2 
2R2

0.02R2 0.0
2R22R22R2

2R22R2
2R22R2

2R2 2R2
2R20.02R2

LE SYSTE)E EST SOUS LA 7OR)E 
nR=AA*n+88*K+SS*= 
)ATRISE AA

t^t************************************************************************************************* ******************
2R2-62R281662RJ2Y29-JYR9J0YY

866R82Y01 
-C6R22160 

. . . .  8RO

2R2-22R222222R2
2R22R22R2
2R22R22R2

8ATRISE BB
***********************************************************************************************************************

2R2229C2R2-2R222JJ 2R2
2R920922R2-8R289JJ2RY98Y9
2R2-2R2220J 

D D D D lR22222
2R22R2

D -«R222222R22R2
)ATRISE SS

********************************** **************************************?H*•**♦*******************•♦•*  *****•••*********•
68RY21062R22R2
-01YR06CC22R22R2

62R2901J 
-CY2R218J2 

)ATRISE AA REEDKE 8RESVKE TRIAE>KLAIRE
00^0 ************************************************************************************************* ****************

2R2

2R22R221CY
2R12121 2R2

-62R281662RJ2Y29-JYR9J0YY
2R2866R82Y01 

-C6R22160 
2R2

VALEURS PROPRES DE LA MATRICE AA 
KR«PART IE REELLE 
R1«PARTIE IMAGINAIRE

-20.000000.0
0.00.00.0

_.0.0_____o.c0.0

0.0RI I J» =
RI(J)= 
RM J)* 
RI (JM

RR(J)« -20.00000 
RR(J)■ -39.63599 
RR ( J ) *
RRIJI* -41.02715

D***•*??•** ************************************************************************************************* *********** 
SOLKTIOES DES EVKATIOES LIEEARISEES:

2R2
2R22R2
2R2

61D YY
ÉCOLE POLYTECHNIQUE 10f



■ETA"" TEK
A I J ) =
VECTEUR DE COLTRniE 
Ul Jl =
VECTEUB DE SOKTIE 
Y 1 J ) =

I...-550^ • 42 J27t.0 • 0 9 r li \S

0.00.0 0.01C.5C000

0.1665?
0.04031
-5.32378

6.00536
0.00274
0.00858

0.02634
0.00694
17.97447

13.65273 
13.02197 
0.01469 
-0.01170

0.01239
16.50534
0.00386
2.25383

VARIABEES RETARDEES 
Bl Jl« 0.04485 0.0148919.13249

***********************************************************************************************************************
SOEUTIOLS DES EQUATIOLS EILEARISEES 
H* 198 D D D
VECTEUR DIETAT 
XI J)«
VECTEUR UE COLTROEE
Ul J) =
VECTEUR DE SORTIE 
YUR*

0.00990 11.899161.426420.01883

0.00.010.50000 0.0

-0.68285
0.01057
0.00308

0.05967
0.02490
-1.90781

0.02255
0.00429
6.44125

4.89253
9.02812
0.01979

0.00444
9.81715
0.01C19

-0.004191.38697
VARIABEES RETARDEES 
HI J)> D D D D D D D  0.01973

***********************************************************************************************************************
0.024206.94081

SOEUTIOLS DES EQUATIOLS EILEARISEES 
IT* 297
VECTEUR DIETAT
XU)*
VECTEUR DE COLTROEE 
UU)*
VECTEUR DE SORTIE 
VU)R

0.01718 15.733661.719880.01699

0.00.00.010.50000

2.24871
0.00673
0.00534

0.02326
0.00546 

D D 11.18032

0.10358
0.03172
-3.31145

8.49214
13.75885
0.01675
-0.00728

0.00771 
12.74871 
0.00712 
1.77038 

VARIABLES RETARDEES 
)l J)* 0.016770.0315314.24344

ÉCOLE POLYTECHNIQUE £
ï


