
Vhjphqwdwlrq qrq0vxshuylvìh g*lpdjhv pxowlvshfwudohv VSRW =

dssolfdwlrq ã od fduwrjudsklh pdulwlph1
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Uìvxpì = Fhw duwlfoh suìvhqwh xqh pìwkrgh qrq0vxshuylvìh

gh vhjphqwdwlrq g*lpdjh VSRW dssoltxìh ã od fduwrjudsklh

pdulqh1 O*xwlolvdwlrq g*lpdjhv vdwhoolwhv hq }rqhv frwlëuhv shxw

shuphwwuh od uìdolvdwlrq dxwrpdwltxh gh fduwhv edwk|pìwultxhv/

juåfh dx{ fdudfwìulvwltxhv udglrpìwultxhv gh o*rqgh uìwurgli0

ixvìh sdu od phu hw2rx oh irqg pdulq1 O*dssolfdwlrq ylvìh

frqfhuqh od fduwrjudsklh dxwrpdwltxh ghv surirqghxuv g*hdx

hq }rqhv olwwrudohv/ srxu o*ìwdeolvvhphqw ghv fduwhv pdulqhv1

Ohv lpdjhv VSRW pxowlvshfwudohv suìvhqwhqw ghv fruuìodwlrqv

lqwhu0fdqdx{ txl gìshqghqw gh od fodvvh frqvlgìuìh = fhwwh fru0

uìodwlrq vhud h{solflwhphqw prgìolvìh gdqv o*dojrulwkph gh vhj0

phqwdwlrq1 Qrxv qrxv sodêrqv gdqv oh fdguh g*xqh prgìol0

vdwlrq pdunrylhqqh klìudufkltxh vxu txdgdueuh/ o*hvwlpdwlrq

ghv sdudpëwuhv frqvwlwxdqw xqh ìwdsh suìdodeoh ã o*rsìudwlrq

gh fodvvl�fdwlrq1 Ghv uìvxowdwv vrqw suìvhqwìv vxu ghv lpdjhv

gh v|qwkëvh hw uìhoohv d�q gh prqwuhu o*h!fdflwì gh fhwwh gì0

pdufkh1 O*ruljlqdolwì gh od pìkrgh sursrvìh uìvlgh gdqv o*hv0

wlpdwlrq qrq0vxshuylvìh ghv sdudpëwuhv gx prgëoh/ hq sduwl0

fxolhu ohv sdudpëwuhv gh fruuìodwlrq lqwhu0fdqdx{ srxu fkdtxh

fodvvh/ vxu ohv grqqìhv pxowlvshfwudohv revhuyìhv1

Prwv foìv = fduwrjudsklh/ prgìolvdwlrq pdunrylhqqh/

txdgdueuh/ vhjphqwdwlrq g*lpdjhv pxowlvshfwudohv/ fruuìodwlrq1

Devwudfw = Wklv sdshu suhvhqwv dq xqvxshuylvhg lpdjh vhj0

phqwdwlrq phwkrg dssolhg wr pdulwlp fduwrjudsk|1 Wkh xvh

ri vdwhoolwh lpdjhv ryhu frdvwdo duhdv fdq lpsuryh wkh dxwr0

pdwlf surgxfwlrq ri edwk|phwulf fkduwv/ wkdqnv wr wkh udglr0

phwulf surshuwlhv ri wkh hohfwurpdjqhwlf zdyh edfnvfdwwhuhg e|

wkh vhd ru wkh vhd  rru1 Wkh dssolfdwlrq ri wklv zrun frq0

fhuqv wkh dxwrpdwlf fduwrjudsk| ri vhd ghswk lq olwwrudo duhdv/

lq rughu wr rewdlq pdulwlp fkduwv1 VSRW lpdjhv suhvhqw fru0

uhodwlrqv ehwzhhq fkdqqhov/ ghshqglqj rq hdfk frqvlghuhg fodvv=

wklv fruuhodwlrq lv h{solflwo| prghohg lq wkh vhjphqwdwlrq dojr0

ulwkp zh sursrvh1 Zh dgrsw d klhudufklfdo Pdunryldq prgholqj

rq d txdg0wuhh/ wkh hvwlpdwlrq ri wkh prgho sdudphwhuv ehlqj d

suholplqdu| vwhs ri wkh fodvvl�fdwlrq1 Uhvxowv duh uhsruwhg rq

v|qwkhwlf dqg uhdo lpdjhv= wkh| ghprqvwudwh wkh h!flhqf| ri

wkh phwkrg1 Wkh frqwulexwlrq ri wklv sdshu uholhv rq wkh qrq0

vxshuylvhg hvwlpdwlrq ri sdudphwhuv lq wkh fdvh ri pxowlvshfwudo

fruuhodwhg gdwd/ lqfoxglqj wkh hvwlpdwlrq ri wkh fruuhodwlrq fr0

h!flhqwv iru hdfk frqvlghuhg fodvv1

Nh|zrugv = fduwrjudsk|/ Pdunryldq prgholqj/ txdg0wuhh/

pxowlvshfwudo lpdjh vhjphqwdwlrq/ fruuhodwlrq1

4 Lqwurgxfwlrq

Fhw duwlfoh4 suìvhqwh xqh pìwkrgh gh vhjphqwdwlrq
qrq vxshuylvìh g*lpdjhv vdwhoolwdluhv pxowlvshfwudohv ds0
soltxìh ã od fduwrjudsklh pdulqh1 Od plvh ã mrxu
ghv fduwhv pdulqhv hvw hq h�hw xq sureoëph lpsruwdqw
srxu od qdyljdwlrq1 Ohv pìwkrghv fodvvltxhv gh uhohyì
edwk|pìwultxh qìfhvvlwhqw ghv pr|hqv lpsruwdqwv +eåwl0
phqwv rfìdqrjudskltxhv,/ hw derxwlvvhqw ã ghv phvxuhv
�deohv pdlv grqw o*dftxlvlwlrq hvw ohqwh1 Od pìwkrgh sur0
srvìh gdqv fhw duwlfoh shuphw gh uìgxluh fhv frþwv sdu o*h{0
sorlwdwlrq g*lqirupdwlrqv irxuqlhv sdu oh vdwhoolwh VSRW1
Ohv grqqìhv VSRW vrqw glvsrqleohv gdqv wurlv edqghv
vshfwudohv = oh fdqdo [V4 +orqjxhxuv g*rqgh gh 3> 83 ã 3> 8<

�p/ yhuw,/ oh fdqdo [V5 +gh 3> 94 ã 3> 9; �p/ urxjh,/ hw
oh fdqdo [V6 +gh 3>:< ã 3> ;< �p/ surfkh lqiudurxjh,^4`1
Ohv gl�ìuhqwv fdswhxuv gx vdwhoolwh phvxuhqw od udglrpìwulh
gl�xvìh/ f*hvw0ã0gluh o*lqwhqvlwì uì ìfklh sdu oh vro/ ohv qx0
djhv/ od phu111 Soxv suìflvìphqw/ srxu oh sureoëph txl
qrxv lqwìuhvvh/ od phvxuh udglrpìwultxh fruuhvsrqg ã xqh
sìqìwudwlrq gdqv o*hdx doodqw gh 58 pëwuhv ã txhotxhv fhq0
wlpëwuhv vhorq od edqgh sdvvdqwh gx fdswhxu/ srxu ghv hdx{
shx wxuelghv1 Qrxv glvsrvrqv g*xq prgëoh sdudpìwultxh
khxulvwltxh shuphwwdqw gh gìgxluh/ gh od udglrpìwulh re0
vhuyìh gdqv ohv fdqdx{ [V4 hw [V5/ od surirqghxu g*hdx^4`1

Od soxsduw ghv lpdjhv txh qrxv wudlwrqv surylhqqhqw gh
}rqhv lvroìhv +ohv dwroov gh o*rfìdq Sdfl�txh,/ rü ohv fdp0
sdjqhv k|gurjudskltxhv v*dyëuhqw sduwlfxolëuhphqw frþ0
whxvhv1 Qrxv dyrqv gdqv xq suhplhu whpsv gìyhorssì
xq dojrulwkph gh vhjphqwdwlrq shuphwwdqw g*dvvrflhu ã
fkdtxh sl{ho xqh fodvvh +qxdjh/ whuuh/ rx phu/ fhwwh
ghuqlëuh srxydqw íwuh gh soxv vxeglylvìh hq soxvlhxuv
fodvvhv vhorq od surirqghxu g*hdx,1

Od vxlwh gh fhw duwlfoh hvw glylvìh hq txdwuh vhfwlrqv1
Od vhfwlrq 5 gìfulw oh prgëoh gh vhjphqwdwlrq edvì vxu od
vwuxfwxuh gx txdgdueuh/ dssoltxìh dx fdv prqrvshfwudo1
Od vhfwlrq 6 ìwhqg fhw dojrulwkph dx fdv pxowlvshfwudo/
dyhf xqh sulvh hq frpswh gh od fruuìodwlrq lqwhu0fdqdx{1
Ghv uìvxowdwv gh vhjphqwdwlrq vrqw hqvxlwh suìvhqwìv vxu

4Ohv dxwhxuv uhphuflhqw o*HSVKRP +Hwdeolvvhphqw Sulqflsdo ghv
Vhuylfhv K|gurjudskltxh hw Rfìdqrjudskltxh gh od Pdulqh, srxu oh
vrxwlhq �qdqflhu frqfhuqdqw fhwwh ìwxgh hw od irxuqlwxuh ghv lpdjhv1



ghv lpdjhv uìhoohv hw gh v|qwkëvh gdqv od vhfwlrq 71 Od

vhfwlrq 8 frqwlhqw txhotxhv frpphqwdluhv gh frqfoxvlrq1

5 Vhjphqwdwlrq prqrvshfwudoh

Gh qrpeuhx{ wudydx{ rqw ìwì uìdolvìv ghsxlv xqh gl}dlqh
g*dqqìhv vxu od vhjphqwdwlrq g*lpdjhv hq v*dssx|dqw vxu
xqh prgìolvdwlrq pdunrylhqqh1 Ghv prgëohv gh fkdpsv gh
Pdunry 5G rqw ìwì sulqflsdohphqw lqwurgxlwv1 D�q g*dxj0
phqwhu od urexvwhvvh gh od vhjphqwdwlrq hw vxuwrxw gh
glplqxhu oh whpsv gh fdofxo lqgxlw sdu ohv dojrulwkphv
lwìudwliv g*rswlplvdwlrq dvvrflìv/ ghv dowhuqdwlyhv rqw ìwì
ìwxglìhv1 Srxu uìdolvhu xqh vhjphqwdwlrq qrq0vxshuylvìh/
Jlrugdqd hw do1^5` sursrvhqw dlqvl xqh dssurfkh edvìh vxu
ohv fkdñqhv gh Pdunry/ pdlv shughqw od ulfkhvvh g*xqh
prgìolvdwlrq 5G1 G*dxwuhv dssurfkhv lqwurgxlvdqw xqh
prgìolvdwlrq pdunrylhqqh klìudufkltxh rqw ìwì gì�qlhv
^6`^7`^8`^9`/ pdlv ohxuv frþwv fdofxodwrluhv ghphxuhqw ìohyìv
gdqv oh fdv g*xqh vhjphqwdwlrq lpsoltxdqw xq judqg qrp0
euh gh fodvvhv1 O*dssurfkh gìyhorssìh sdu Odihuwì^:` irxu0
qlw xqh prgìolvdwlrq pdunrylhqqh klìudufkltxh vxu xq
txdgdueuh/ txl shuphw xqh uhplvh ã mrxu qrq0lwìudwlyh ghv
sdudpëwuhv gx prgëoh hw xqh vhjphqwdwlrq dx vhqv gx
fulwëuh PSP ã o*dlgh g*xq dojrulwkph h{dfw qrq lwìudwli1

Frqvlgìurqv ghx{ hqvhpeohv gh yduldeohv doìdwrluhv =
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Rq vxssrvh txh ohv yudlvhpeodqfhv frqglwlrq0

qhoohv ghv revhuydwlrqv vrqw ghv orlv Jdxvvlhqqhv =
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D�q gh uìdolvhu xqh vhjphqwdwlrq qrq0vxshuylvìh/ lo
idxw gìwhuplqhu oh qrpeuh gh fodvvhv N1 Qrxv sur0
srvrqv g*lqlwldolvhu o*dojrulwkph dyhf xq pdmrudqw gx qrp0
euh gh fodvvhv/ hw hqvxlwh/ qrxv ixvlrqqrqv ohv fodvvhv
txl vrqw surfkhv +ohv fodvvhv l hw m vrqw uhjurxsìhv vl�
�l.�m
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pr|hqqh hw o*ìfduw w|sh gh od fodvvh m,1 Oh vhxlo W hvw
fkrlvl hpslultxhphqw1

Od ghvfulswlrq gx fkdps pdunrylhq qìfhvvlwh od
frqqdlvvdqfh ghv suredelolwìv lqlwldohv d sulrul �l hw

ghv suredelolwìv gh wudqvlwlrq d sulrul sëuh0�ov dlm =
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Soxvlhxuv lwìudwlrqv vrqw h�hfwxìhv hq uìdolvdqw xqh

sdvvh prqwdqwh hw ghvfhqgdqwh ã fkdtxh lwìudwlrq ^t` vxu
o*dueuh d�q gh uhphwwuh ã mrxu ohv sdudpëwuhv =
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Fhwwh uhplvh ã mrxu shxw íwuh gìwhuplqlvwh +dojrulwkph
HP ^;`,/ vwrfkdvwltxh +dojrulwkph VHP ^<`,/ k|eulgh +dojr0
ulwkph HFL ^43` rü o*hvwlpdwlrq gh idlm > �lj hvw gìwhuplq0

lvwh wdqglv txh fhooh gh i�
l
> �lj hvw vwrfkdvwltxh,1 Gdqv

oh fdv gìwhuplqlvwh/ od sdvvh ghvfhqgdqwh shuphw gh fdo0
fxohu �

v
+l, @ S ^[v @ $lm\ ` 1 Gdqv oh fdv vwrfkdvwltxh/

fhwwh sdvvh shuphw gh vlpxohu xqh uìdolvdwlrq gx fkdps
ghv ìwltxhwwhv [1 Ohv uìvxowdwv rewhqxv vxu ghv lpdjhv
gh v|qwkëvh rqw shuplv g*revhuyhu oh erq frpsruwhphqw
gh o*ìwdsh g*hvwlpdwlrq1 O*lqwìuíw gx VHP ^<` vxu o*HP
^;` hvw o*ìwdsh gh vlpxodwlrq txl dxwrulvh xqh lqlwldolvdwlrq
ghv sdudpëwuhv prlqv suìflvh1 Oh qrpeuh g*lwìudwlrqv +xqh
gl}dlqh, hvw �{ì hpslultxhphqw1

Od vhjphqwdwlrq �qdoh hvw h�hfwxìh vhorq oh fulwëuh
PSP =
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Srxu g*dxwuhv dssurfkhv pdunrylhqqhv ^6`^8`^9`/ od vhj0
phqwdwlrq PSP hvw gl!floh ã phwwuh hq úxyuh/ f*hvw
srxutxrl oh fulwëuh gx PDS +Pd{lpxp D Srvwhulrul, hvw
jìqìudohphqw xwlolvì1 Fh ghuqlhu fulwëuh hvw wrxwhirlv prlqv
shuwlqhqw1

6 Vhjphqwdwlrq pxowlvshfwudoh

Qrxv frqvlgìurqv pdlqwhqdqw ghv lpdjhv pxowlvshfwudohv =
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Od vhjphqwdwlrq pxowlvshfwudoh txh qrxv sursrvrqv
lqfoxw o*hvwlpdwlrq ghv frh!flhqwv gh fruuìodwlrq lqwhu0
fdqdx{/ hw fh srxu fkdtxh fodvvh1 Qrxv vxssrvrqv grqf



txh 	l q*hvw sdv gldjrqdoh1 Gdqv o*dssurfkh vwrfkdvwltxh
+VHP,/ txl shuphw od vlpxodwlrq g*xqh uìdolvdwlrq vhorq
S +[m\ @ |,/ ohv frh!flhqwv gh fruuìodwlrq vrqw plv ã mrxu

juåfh ã o*h{suhvvlrq vxlydqwh =
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dyhf ql oh qrpeuh gh sl{hov gdqv od fodvvh l/ hw
+F4> F5, 5 iU> J>Ej5 uhsuìvhqwh xq frxsoh gh fdqdx{1

O*lqlwldolvdwlrq ghv sdudpëwuhv �^3` gdqv oh fdv pxowl0

vshfwudo/ v*h�hfwxh gh od pdqlëuh vxlydqwh =
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� Ohv frh!flhqwv gh fruuìodwlrq lqlwldx{ vrqw vxssrvìv
qxov +	l gldjrqdoh, hw ohv pr|hqqhv hw ìfduw0w|shv
vrqw rewhqxv sdu xq dojrulwkph ghv N0pr|hqqhv  rx
^44` +rq gì�qlw xqh irqfwlrq g*dssduwhqdqfh  rxh gh
fkdtxh sdudpëwuh ã wrxwh fodvvh l sdupl N srxu oh
fdofxo ghv edu|fhqwuhv,1

7 Uìvxowdwv

714 Lpdjhv gh v|qwkëvh

Qrxv dyrqv g*derug whvwì fhw dojrulwkph gh vhjphqwdwlrq

pxowlvshfwudoh vxu ghv lpdjhv gh v|qwkëvh gh wdlooh 97�97
sl{hov +Iljxuh 5, d�q gh ydolghu od pìwkrgh1 Oh uìvxowdw gh
od vhjphqwdwlrq hvw gh wuëv erqqh txdolwì/ hw o*hvwlpdwlrq
ghv sdudpëwuhv +| frpsulv ohv frh!flhqwv gh fruuìodwlrq,
hvw urexvwh +fi1 Wdeoh 4,1 O*dojrulwkph d ìwì lqlwldolvì dyhf
43 fodvvhv/ hw 8 fodvvhv vrqw rewhqxhv �qdohphqw1 Od plvh
ã mrxu ghv sdudpëwuhv v*hvw idlw gh pdqlëuh vwrfkdvwltxh/
wdqw srxu ohv whuphv g*dwwdfkh dx{ grqqìhv +hvwlpdwhxu
PY, txh srxu fhx{ gx prgëoh pdunrylhq1

715 Lpdjhv uìhoohv

Qrxv dyrqv ydolgì o*dojrulwkph vxu ghv lpdjhv uìhoohv
VSRW1 Ohv whvwv +Iljxuh 6, rqw sruwì vxu ghv lpdjhv pxo0
wlvshfwudohv gh wdlooh 589�589 sl{hov1 Oh qrpeuh lqlwldo gh
fodvvhv hvw 43/ hw oh qrpeuh uìvxowdqw hvw 91 Od plvh ã mrxu
ghv sdudpëwuhv hvw idlwh gh pdqlëuh vwrfkdvwltxh +VHP,1
Qrxv q*dyrqv sdv srxu fhwwh lpdjh gh yìulwì whuudlq/ vhxoh
od yìulwì �h{shuw� hvw glvsrqleoh hw hvw frqiruph ã od vhj0
phqwdwlrq rewhqxh1

8 Frqfoxvlrq

Fhw duwlfoh v*lqwìuhvvh dx gìolfdw sureoëph gh od vhjphq0
wdwlrq qrq0vxshuylvìh g*lpdjhv pxowlvshfwudohv fruuìoìhv1
Xq dojrulwkph gh vhjphqwdwlrq edvì vxu xqh prgìolvd0
wlrq pdunrylhqqh klìudufkltxh +txdgdueuh, d ìwì suìvhqwì
hw irxuqlw ghv uìvxowdwv wuëv hqfrxudjhdqwv1 Fhwwh pìwk0
rgh frqvhuyh oh fdudfwëuh vsdwldo +5G, gh o*lqirupdwlrq
+fh txl q*hvw sdv oh fdv g*xqh prgìolvdwlrq sdu fkdñqh gh
Pdunry ^5`, hw hvw soxv udslgh txh ghv whfkqltxhv fodv0
vltxhv edvìhv vxu ohv fkdpsv gh Pdunry vsdwldx{/ pdlv
soxv ohqw hw qìfhvvlwdqw g*dydqwdjh g*hvsdfh pìprluh txh
fhoxl lqwurgxlw gdqv ^5`1 O*dssurfkh sursrvìh qh qìfhvvlwh
sdv gh surfìgì lwìudwli srxu od plvh ã mrxu ghv sdudpëwuhv1
Gdqv qrwuh dssolfdwlrq/ od prgìolvdwlrq sdu txdgdueuh hvw
sduwlfxolëuhphqw lqwìuhvvdqwh/ fdu hooh shuphw gh wudydloohu
vxu xqh sduwlh vhxohphqw gh o*lpdjh/ doruv txh od whfk0
qltxh ghv fkdñqhv gh Pdunry ^5` uhtxlhuw od frqvlgìudwlrq
gh o*lpdjh hqwlëuh +revhuydwlrqv vdqv wurxv,1 Fhod shuphw0
wud xowìulhxuhphqw g*lvrohu ohv }rqhv gh whuuh d�q g*hvwlphu
od edwk|pìwulh xqltxhphqw vxu ohv }rqhv gh phu1

Od frqwulexwlrq gh fh wudydlo d frqvlvwì ã ìwhqguh dx
fdv pxowlvshfwudo ohv dojrulwkphv h{lvwdqwv/ hq suhqdqw hq
frpswh od fruuìodwlrq hqwuh fdqdx{ srxu fkdtxh fodvvh vxu
ghv lpdjhv uìhoohv1

Uhihuhqfhv

^4` O1 Orxehuvdf/ S1\1 Exuedq/ R1 Ohpdluh/ K1 Yduhw/ dqg
I1 Fkhqrq1 Lqwhjudwhg vwxg| ri Dlwxwdnl*v odjrrq +Frrn lv0
odqgv, xvlqj Vsrw vdwhoolwh gdwd lq vlwx phdvxuhphqwv= edwk|0
phwulf prghoolqj1 Jhrfduwr Lqwhuqdwlrqdo +5,/ sdjhv 64�6:/
4<<41

^5` Q1 Jlrugdqd dqg Z1 Slhf}|qvnl1 Hvwlpdwlrq ri jhqhudol}hg
pxowlvhqvru klgghq Pdunry fkdlqv dqg xqvxshuylvhg lpdjh vhj0
phqwdwlrq1 LHHH Wudqvdfwlrqv rq Sdwwhuq Dqdo|vlv dqg Pd0
fklqh Lqwho oljhqfh/ 4<+8,=798�7:8/ 4<<:1

^6` S1 Sìuh}1 Fkdpsv pdunrylhqv hw dqdo|vh pxowluìvroxwlrq gh
o*lpdjh = dssolfdwlrq ã o*dqdo|vh gx prxyhphqw1 Wkëvh/ Xql0
yhuvlwì gh Uhqqhv L/ mxloohw 4<<61

^7` I1 Khlw}/ S1 Sìuh}/ dqg S1 Erxwkhp|1 Pxowlvfdoh plqlpl0
vdwlrq ri joredo hqhuj| ixqfwlrqv lq vrph ylvxdo uhfryhu| sure0
ohpv1 Lq Frpsxwhu Ylvlrq Judsk1 dqg Lpdjh Surfhv1 = Lpdjh
Xqghuvwdqglqj/ yroxph 8</ sdjhv 458�467/ Mdqxdu| 4<<71

^8` ]1 Ndwr/ P1 Ehuwkrg/ dqg M1 ]huxeld1 D klhudufklfdo Pdunry
udqgrp �hog prgho dqg pxowlwhpshudwxuh dqqhdolqj iru sdudooho
lpdjh fodvvl�fdwlrq1 Judsklfdo Prghov dqg Lpdjh Surfhvvlqj/
8;+4,=4;�6:/ 4<<91

^9` P1 Pljqrwwh/ F1 Froohw/ S1 Sìuh}/ dqg S1 Erxwkhp|1 Xq0
vxshuylvhg Pdunryldq vhjphqwdwlrq ri vrqdu lpdjhv1 Lq Surf1
LFDVVS/ yroxph 7/ sdjhv 5:;4�5:;8/ Pxqfkhq/ Pd| 4<<:1

^:` M1P1 Odihuwì/ I1 Khlw}/ dqg S1 Sìuh}1 Prgëohv pdunrylhqv
g*lpdjhv hw dojrulwkphv g*hvwlpdwlrq qrq olqìdluh vxu oh txdgdu0
euh1 Wudlwhphqw gx vljqdo/ 48+6,=546�563/ 4<<;1

^;` J1 Fhohx{ dqg M1 Glherow1 D udqgrp lpsxwdwlrq sulqflsoh=
wkh vwrfkdvwlf HP dojrulwkp1 Udssruw gh uhfkhufkh LQULD/
+<34,=4�4</ vhswhpeuh 4<;;1

^<` J1 Fhohx{ dqg M1 Glherow1 O*dojrulwkph VHP = xq dojrulwkph
g*dssuhqwlvvdjh suredelolvwh srxu od uhfrqqdlvvdqfh gh pìodqjh
gh ghqvlwìv1 Uhyxh gh vwdwlvwltxhv dssoltxìhv/ 67+5,=68�85/ 4<;91

^43` Z1 Slhf}|qvnl1 Fkdpsv gh pdunry fdfkìv hw hvwlpdwlrq frq0
glwlrqqhooh lwìudwlyh1 Wudlwhphqw gx vljqdo/ 44+qxpìur 5,=474�
486/ 4<<71

^44` S1 Urvwdlqj/ M1Q1 Suryrvw/ dqg F1 Froohw1 Xqvxshuylvhg
pxowlvshfwudo lpdjh vhjphqwdwlrq xvlqj jhqhudol}hg jdxvvldq



prgho1 Surf1 Lqwhuqdwlrqdo Zrunvkrs HPPFYSU*<< = Hq0
huj| Plqlplvdwlrq Phwkrgv lq Frpsxwhu Ylvlrq dqg Sdwwhuq
Uhfrjqlwlrq/ \run/ Mxo| 4<<<1

Echelle R-2

s

s-

+s

Echelle R-1

Echelle R

Iljxuh 4= Od vwuxfwxuh gx txdgdueuh hw vhv qrwdwlrqv1

Fodvvh 4 5 6 7 8

pr|hqqh

wkìrultxh
U 543 73 83 433 4:3

pr|hqqh

hvwlpìh
U 543/7 73/3 7</< 433/4 49</;

pr|hqqh

wkìrultxh
J 443 <3 93 433 533

pr|hqqh

hvwlpìh
J 43</6 <3/4 93/7 <</< 4<;/4

pr|hqqh

wkìrultxh
E 543 433 483 63 :3

pr|hqqh

hvwlpìh
E 53;/9 <</5 47</6 5</4 9;/8

ìfduw w|sh

wkìrultxh
U 45 8 43 43 53

ìfduw w|sh

hvwlpìh
U 44/3 8/3 43/3 43/; 4;/<

ìfduw w|sh

wkìrultxh
J 4; < 44 53 48

ìfduw w|sh

hvwlpìh
J 49/7 </3 44/4 4</5 47/3

ìfduw w|sh

wkìrultxh
E 43 48 45 : <

ìfduw w|sh

hvwlpìh
E 43/9 47/< 45/4 :/5 ;/9

fruuìodwlrq

wkìrultxh
UJ 3/7 03/4 3/5 3 3/8

fruuìodwlrq

hvwlpìh
UJ 3/64 03/49 3/55 03/38 3/77

fruuìodwlrq

wkìrultxh
UE 03/6 3/8 3/7 03/8 3/9

fruuìodwlrq

hvwlpìh
UE 03/77 3/7; 3/64 03/9 3/86

fruuìodwlrq

wkìrultxh
JE 3/5 3/: 3/; 3/: 3/:

fruuìodwlrq

hvwlpìh
JE 3/45 3/9; 3/;3 3/99 3/99

Wdeoh 4= Sdudpëwuhv uìhov hw hvwlpìv srxu o*lpdjh gh v|q0
wkëvh pxowlvshfwudoh gh od �jxuh 51

d

e

Fodvvh 8

Fodvvh 7

Fodvvh 6

Fodvvh 5

Fodvvh 4

Iljxuh 5= Vhjphqwdwlrq vxu xqh lpdjh v|qwkìwltxh 97{97/
frpsuhqdqw 8 fodvvhv1 +d, lpdjh euxlwìh +e, fodvvl�fdwlrq
rewhqxh

d

e

Fodvvh 9

Fodvvh 8

Fodvvh 7

Fodvvh 6

Fodvvh 5

Fodvvh 4

Iljxuh 6= d= Lpdjh VSRW +589{589 sl{hov, e= Lpdjh Vhj0
phqwìh1 O*dojrulwkph d elhq lvroì od }rqh gh whuuh +fodvvh
9,1 Gl�ìuhqwhv }rqhv gh phu vrqw rewhqxhv hw od fodvvh 7 d
jrppì o*h�hw ghv ydjxhv1
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