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'&IM5il'&!()BAIO)*+' &IH*Q*#3(614#*%$)303[:&N\Q%:4!'&I<==15¢](A&)>3[:&]"!
|

S* R39:)&! <MH >$+()&! %t ($(*%3(6! '&4! !
3+4(*%%*(3$+4! '&4! KLC! 3+:4()38%%8&4! &+! %&A4!
)&9)$:Q*+(I 48%$+ %&! A8&H(&:)! 3+:4()38%!
THQQU63HH(3$+M s+1)&>*)[:&! [:&! %&! Q)3+#3Q*%!
A&H# (&) T*QQYb3H*(3$+! &A(1#8%:3!'&4!3+:4() 384!
*0)$*063>&+(*3)&4!  8LL! \ | 4*H$3)I0! %!
Q)$'#(3$+!'&14:#)&F!'&1 Q)$':3(41%*3(38)4F!'&!
0)$>*9&4F! %*! ?3B)&F! %&4! 3+:4()3&4! '&4!
H3*+'&4! &(! H$%*3%%&4F! %*! Q)64&)H*(3$+! '&4!
0):3(4! &(1%69:>&4F! %&! A6#A*9&! 1 >*0h(F! &(#"]!
*HEH&+H3)$+1--1UI' &A1 +3(64!3+4(*%% 684N _

C)<6&,!XT\g!i'V87'&%)%)#5!9,*I(BI')596*%&),22,*!

)5%06'228 41 7'&1* $%,6&!)596+%&,), 2!

|
S&413+':4()3&4!'&!%* 1 #A3>3& T Q6()$#A3>3&!\Q)$#6'641'&! Q) #(3+!'7T6(A*+$%F!'76(AW%6B+&! &(!'&!
HAY%S)&TAS: &I#*:4(3[:&F!)*003+*0&!"1Q6()$%&I\A6Q*)*(3$+! &(1'34(3%%*(3$+]F! &(#"]! &(1 %&4! 3+':4()38&
'&41 Q*Q3&)4! \?$34F! Qy(&4! &(! Q*Q3&)4! \Q)$#&44! 'TEH*QS)*(3+]]! 4$+(! *:443] ‘&4 4&H(&:)4!
3>Q8)(*+(4! *H&H ) &AQEH(3H&>&+(1 1.1 Ul &(1 /<! Ul '&4! 3+A(*%%*(3$+4! &Z3A(*+(&4MN S&A!*:()&4! Il ul
3+#%:&+(1&+()&!*: () &A% &AI3+:4() 384 &4 (&Z(3%&A![:3I$00) &+(I'&4I$QQS) (: +3 (64 1#$+43'6)*2%&4!*: Z!
KLCI*+419%&41Q)$#6'64!'&103+344*9&1'&41Q)$":3(4!
|

CH+H&)+*+(1% &M #$+3(3S+4!' 81 O$+H#(3S++8>&+(1'&AI KLC!'8! #841'3006)8+(4! 48RP &A*!

<A< >$+()&! (1$34! A34($9)*>>84! '&! O)B[:&+#&! Q3$:)! %*! '3006)&+#&! '&! (&>Q6)*(:)&4! &+()&!
4$)#841 &(1 Q:3(4F! %*! (&>QB)*())&! '&! #$+'&+4*(3%+! &(1 %*! Q:344*+#8&! #%$)303[:&! Q)$:3(&! Q$:)!
($:419%6&MA8H(8:)A13+:4() 3804 SRABY) & I< N2

n



P+&!*((&+(3$+! Q*)(3#:%3B)&! &4(1'$++6&!*:1 4&H(&:)!'&! %6 7*9)$*%63>&+(*3)&F!)&Q)64&+(*+(1--1ul'&!
007 &+A&>?%&)' &AM 3+4(*%%*(3$+4 &Z3A(*+(&AF! [:31>6)3(&! 7C()&! *+*%W4AB! &+ (*+(1[:&! (&Y%M C&IA&H(&:
)&Q)648&+(&! . =1ul'&! %+ Q:344*+#&! #%6$)303[:&! ($(*%6&! 3+4(*%YB6&F ! *HEH! :+&!'$>3+*+#8&1'&4!KLC!

‘&1 (WQE&!M5il 23&+![:&1% &A1 +$>7)&41'7 3+4(*%%*(3$+41'&! M5il &(I'&IKLC! 4$38&+(13'&+(3[:8&4" S&4!
Q)3+#3Q*0&A1*QQU63H#*(35+4! 4$+(1 &+ 6H*Q$)*(3S+F!"34(3%%* (3$+F! 46#A*0&! &(1)6#:QB)*(3$+!'&I #A*Y
4:)1%&A!)&X&(AN S (&>Q6)* () & (WQ3[:&!'&HS+ &+4*(3$+I&A(I'7&+H3)$+!=! CFI:+&I'3006)&+#&!'&!
(&>Q6)*(:)&A14$:#&ITIQ:3(41'&). =IdI&(1:+&!Q:344* +#&I#*06$)303[:&!'&1%7$) )& &I<I5eN!

|

C)<6&,!XT\X!IV87'8%)%)#5!9,*|@'2,6&*19,!%,:78&'%6&,*19,! $#59,5%%)#5G!9) "8&,5%,*!,5%8&,*#6&$,*h76)%*!
,%!76)**'5$,1$'2#&)")=6,! 7#6&!%#6%,*12,*!(BI!9'5* 1%#6*12,*I* $%,6&*!)596*%&),2*18%69)8*T!
!

!
S*I R39:)&! </1)64:>&! %78+48>7%&) '&4!'$++6841 Q*)! ()$34! A34($9)*>>8&4! '&! O)6[:&+#&! \%*!
'3006)&+#&! '&! (&>Q6)*(:)&4! &+()&! 4$:)#8&4! &(! Q:3(4F! %*1 (&>Q6)*(:)&! '&! #$+&+4*(3$+! &(! %*!
Q:344%+#&1#%3$)303[:&!Q)$":3(&]!Q$:)!%&I4&H(&:)'&AI8LLN

|

C)<6&,'XT\i IV87'&%)%)#5!9,* @'2,6&*19,1%,:78&'%6&19,!$#59,5* %)#5G!9) "8&,5%$,*!,5%&.,!
*#6&$,*n76)%*1,%!76)**'5$,1$'2#&))=6,17#6 &!%#6%,*!12,*(BI!96!*,$%,6&!9,*'DBB!
!

|

L %673+4(%)! 1 4&#(&:)! 3+:4()3&%! *9)$*%3>&+(*3)&F! [:3! &4(! %&! QY%:4! 3+(6)&44*+(1 '&! ($:4! %&A4!
A&H(&:)AF %&AVKLC! | #WH%&! 0&)>6! &(! | #$>Q)&A443%+! 6%&H()3[:&! 4$+(! %&4!1 QVb:4! )BQ*+:84! *:!
+3H&*1 >$+'3%06MN C7&A(! 4:)! #&) (WQ&! '&! KLC! [:&! Q$)(&! %*! (ABASRBIH&! <. ! >$+()&! %*!
)6Q*)(3(3$+! '&4! +3HE&*:Z! '&! (&>Q6)*()&! '&! #$+&+4*(3$+! '&4! KLC! 3+4(*%%6&4 S*! 9)*+&!
>*X$)3(6!Q)648+(&!:+&!(&>QB)*(1)&!'&IHS+&+4*(3$+13+06)3&:)&!_I<==1,CFIH$3)&!_Ih=!,CA!

|

S78ZQ6)38&+#&!96+6)*%&!'&4! KLC! 3+':4()3&YSBMEAH&! (&>Q6)*(:)&! 4&>2%&I #$>Q*)*2%&! |
#8Y%%&! &AIKLC!'&I9)*+ &1 Q:344*+#&1*+41%&) 4&#(&:)! (&)(3*3)&MN S&:)!'34Q$+373%3(6!84(16%&HE&! &(!
9%$7*068>8+(! &%%6&4! O$+H#(3$++&+(! *H&H! %8&4) CsK! *((&R3%)BSHY-! Q)648+(&! %&! CsK!
T3+4(*%%*(3$+418Z34(*+(&41QS$:)'&AKLC! HWHIL&IOE&)>61&(!_1#$>Q)&443$+!6%68#()3[:&I&+IO$+#(3$-

/.!



‘&1 % '3006)&+#&! ‘&4 +3H&*Z! '&) (&>QB)*()R&(! &+ O$+#(3$+! '&! %* (&>Q6)*()&! '&!
HE+&+A*(3S+M "%%&1 O$:)+3(1*:4431 %! (&+*+#&! 9%$7*%&! "I CSKM P+ CsKI>SWEH &+()&! 1 &(!-!
Q&:(1C()&!)&Y&HBMK:34[: &1% & #*%0#: %! &I #&19)* QA& 3+#%: (1Q%:43&:) 4! (WQ&4!'&! 0%:3'&4!0)39$)39B-
\MD<<-F! MD</! &(! MD//]! &(! '&! #$>Q)&448&:)41 \ | Q34($+4F! | H34! &(! #&+()30:9&]F! %&4! H*%&:)4!
$?(&+:&H+&IQ&:HE&H(1Q*AIC()&14()3H#(8&>&+(1#$>Q*) 68418+ () &1 &Y6%6&4N

|

! !
C)<6&,IXT\]liV87'&%)%)#519,*19) " 8&,5%*I5)@,'6H!9,!%,:78&'%6&,*19,! C)<6&,IXTVMIlIK(19,*I(BIEI$#: 78, **)#5!
$#59,549%)#519,*I(BIIEI$#: 7&,**)#5!82,$%8)=6,! 82,$%8&)=6,!,5! #5$%)#5!9,12,6&*1%,: 788 %66&,*!!
! 9,1$#59,5*%)#5!,%1938 @'T#& %) #5!
!

!
C&Q&+*+(F! 48%$+! %&41 )64:%(*(4! '&! %7&PER.((G! XfiYK F! %&4! Q)3+#3Q*:Z! Q)$?%B>&4!
)&+ HS+()BAIHEHIHEAI3+A(*%6%*(3$+414$+(10!

!

A %78&+$>>*08>&+(1)*Q3'&! 1 #$>Q)&A4&:)! \H$:)(&! )6&! '&! H3&! Q$:)! %&41 Q$3+(4!'&!
O$+#(3$++&>&+(1+$+H*%3'64!_1067*H*+#&]!

A %&41 0:3(&4! '&! 0%:3'&4! 0)39$)39B+&4F! [:3! Q&:H&+(! *((&3+)&! .=! Ul *++:8%6%&>&+(! 4:)!
#&)(*3+&A! *+#3&++8A! 3+A(*%%*(35+4N @& 4BIBXBRA( Q$4432%&! '&! %3>3(&)! %&! (*:Z!'&!
0:3(&4!'&! 0%:3'&41 0)39$)39B+&4! _|'&41 H*%&:)4! 3+06)3&:)&4! I .1ul &+! >*44&) $:1 #A¥)9&!
jI2#9)$GIXfZK!

X %H HSHHRQ(3$+! >*06! **Q(6&! '&! %73 +A(*%%*(35+! \A$:HE&H(! 4:)'3>8+43$++6&! Q*)! >*+[:&!
'78ZQ&) (344!

A &4 Q)$?7%B>84! '&1 O$+#(3$++8&>8+(! &(! '&! )69:%*(35+! '&4! 6[:3Q8&>&+(4! 4:)($:(! *:!
+3H&*:1%7 3+(&) O*H&I*HE&HI%&IQ) SHEAANS*+[: &' 7T&ZQ6)3&HHEIN!

1.3.2.2 En France
!
"+1 &Z#%:*+(! %&4! C5iF! [:&%[:&4! 3+4(*%%*(35+4! 34$%68&4! '&! Q$>Q&4! 1 #A*%&:)! | #$>Q)&443$+!
6%&#()3[:&!4$+(13'8&+(3036&4!™*+41%73+":4()3&!O)*+x*34&![:3"(&+('&4!*++6 &4 B¢, %!
'2TG!IXfccW!C1G!IXff_kP%&4!Q&:H&+(!c()&!1#%*44684!48%$+1%&4! ()$34!*QQ%3#*(3$+4!Q)648&+(684#
*Q)B44
|

<Nl 26#A*9&I3+:4()38%!

|

K%:43&:)4! (WQ&4! '&! 46#A$3)4! *H&H! KLC! &Z34(&+(! 4:)! %&! >*)#AB! O)*+x*341 \+$(*>>&+(1 %&!
AB6HA*9&) ‘&) 2$34]N S*1 Q)3+#3Q*%&! '3006)&+#3*(35+! )643'&! *+4! %&! )E&X&(! $:! +$+! '&! %{*3)! '&!
ABHA*OGNM L3+43F!'&! +$>7)&:Z! 46#AS3)H +&! 4$+(! Q*4! 6[:3Q64! &I #9*Q&(1'&! )&X&(!'&! %6{*3)! VI $+!
Q*)%&! *%$)4! '&! #3)#:3(1 0&)>6M L! %{A&)&! *#(:&%%&F! +&! O$)(&! >*X$)3(6! '&4! 46#A$3)4! \Q¥)!
'64A:>3'303#*(35+]!:(3%3464! &+ R)*+#8&1 4$+(1'8&41 46#A$3)4! | >SWEH++&! (&>Q6)*(:)&! Q)64&+(*+(!
'&41(&>Q6)*()&AT &IOS +#(3B++&>&+(1'&I%({$))&V'&!-=]_IE=!,CI'BAI%&!'6?: (! IHWHIH&N

|

/-!



I 1K) $H063> &+ (*3)&I&(1&+HAZ>3&INQ*)!) 6 Q6)*(3B+'&IHA* &) 14:)) &X&(41$:1&+ (A&)>$D
0)39$Q$>Q&]Mi$3) WsRY6&*: 1< N
!

+722,'6IXT]lII1H,:72,519,1(BI!, 5!'<&#'2):,5%")&, !, %!, 5!$-):),!

B772)$'%)#5*! I'&'$9%688)*%)=6,*19,12'(BI!

KLC!_1Q34($+4!Q)$":34%+(!h-=Ime! (A&)>3[:&! '7&*:!

* I
VA&)>$H3+303#"(33+! (3B'&!_1-J1,CI*H&#1%&!MD//!

KLC!_1Q34($+4! Q)$":34*+(1J<=Ime! (A&)>3[:&! '7&*:]
(BB'&! 11V ,Cl *+41 +] #$+8+4&:)! >:%(3(:2:%*3)&!
*H&H%&IMD//!

K)$':#(3%+!'7&*:1(3B'&IIQ$:)1%*10*2)3#*(3$+'&!
*O68AI&+IHASHSYo*(&)3E!

KLC! ! H34! Q)$:34*+(! /==! me! (A&)>3[:&! '7&*:!

' I7&* HA*'&I&+] O I
K)$"#(3$+!'7&*: 1H#A* ' &I &+I#ASHIY*(&)3&! HA*&1 th=1, CI*HEHI%&IMD<-/7!

K)$ #(3S+!'7&* I#A* ' &IQ$:) %6841 2% +#A&:)H&+! | KLC! 1Q34($+4!Q)$:34*+(1<I=! me! (A&)>3[:&! '7&*:!
Q)$#(3$+I'&IX: 4! #A*'&1 111, CI*H&H%&IMD<<-!

KLC! 1Q34($+4! Q)$:34*+(! Ihl! me! (A&)>3[:&! '7&*:!
K)$'#(3$+!'7&*: 1#A*'&I&+I#A3>3&! HA*'&I 1-El Cl*+41 -+ #$+8+48:)! >:%(3(:2:%*3)&!
*HE&#1%&IMD//!

KLC! | H34! *H&#! '&4! GHA*+9&:)4! >:%(3(:2:%*3)&!
VA&)>$D0)39$Q$>Q&!&+14*0*34$++&)38&! Q)$:34*+(1J.JIme! (A&)>3[:&!'7&*:1(3B'&!_1J-1,CI&(!
-J=Imel0)39$)303[:&!_!Dh!,CI*H&#%&/MD</!

A L()&A*QQ%3HH (35+4!*+A13681%&*: 1</
!

+'22,'6!XTAI1H,:72,*19,1(BI19'5*193'6%&,*!'772)$'%0)#5*!!

B772)$'%)#5*! I'€'$9%68&)*%)=6,*19,12'|(BI!

KLC!_I(:)?$#$>Q)&44&:)41\.1 6(*9&4]! Q)$':34*+(!
hi/==1me! (A&)>3[:&!'7&*1#A*'&! _hJ! Cl'*+4!

VA&)>$D0)39$Q$>Q&10Q$:)1%&!()*3(&>8&+(I'7*3)! + HSHEHA&)! >:%(3(:7:%*3)&! &(1 J! /==! mel
0)39$)303[:&! ! J!,C! *H&H! %&! MD</! \FW*+(! 4:23! :+]
W)&()$O3(71*:IMD<.-*1Q%:4!(*)]!

gg #8+()30:9&! Q)$:34*+(! h! 5e! (A&)>3[:&!
*I#AX'&! 1hJ! 1 &(1J! 5e! 0)39$)303[:&! '78&*:!
9%*#6&!_I-!, CI*H&H%&IMD<. !

VA&)>$D0)39$Q$>Q&!*+41968413+:4()38416%&H#()$+[:
\4&>3D#S$+'#(&:)4]!

1.3.2.3 Synthese
|
S&N&($:)'78&ZQ6)3&+#&!'&I%T6(:'&! 3+(&)+*(3$+*%&! >$+()&![: &! % &! Q$(&+(38%!'&41*QQ3#*(35+4!'&4!
KLC! \#W#%&4! 0&)>64! _!| #$>Q)&443%+! 6%&#()3[:&]! &4(! *44&k! 3>Q$)(*+(N S73+(&)H*%%E&! '&!
(&>Q6)*(:)&! Q)$#&44!'&1%*1Q%:Q*)(I'&41*QQY%3#*(3$+414&! ()$:H&!_1'8&41(8&>Q6)*(:)&4!3+06)3&:)&4!
_l<==1 CI\:+&! ()B4! 9)*+'&! Q*)(3&! &+()&! E=!,C! &(! h=! ,C]! Q%$:)! %&4! KLC! ! #$>Q)&443%+!
6%8#()3[:&4!&(14:Q6)3&:)&4! _<==1,C!Q$:)!%&4! C5iTM5iM S*1Q%:Q*)(!'&4!*QQ%3#*(3$+4! >$+()&!
+&IHQ #3(6!(A&)>3[:&!'&!%7:+3(6!3+4(*%%6&!3+06)3&:)&!_1<!5e!Q$:)!($:4!%&4! (WQ&A!'&!KLCN
|

S73+(69)*(3$+! '&4! KLC! "*+41 %841 Q)$#6'64! 3+':4()3&%4! (&%64! [:&! %7*9)$*063>&+(*3)&! &(! %* #A3>3&!
$00)&! +! 9)*+'1 QP(&+(3&%N C&Q&+*+(F! $+! +&! ()$:H&! Q*4! 2&*:#%$:Q! '7*QQUb3#*(3$+4! &+
4:24(3(:(3$+!'&) Q)$#(3$+!'&! H*Q&:)F1#&! [:31 Q&: (1 Q*)*a()&! 6($++++(1#)! %6+ H*Q&:)! '7&*:1 &4(!
H'&AISSWEHA1%E&AIQ%: 4! (3%34641Q%:)19%*1Q)$ #(3$+!'&IHA*YE:)*+410673+:4()3&!

|

1J!



C+#8)+*+(1 %8&4! '3H&) 4! Q)$?%B>8&4! 6HS[:64! *IIERH! 3+4(*%6%*(3$+4F! 3%64! 4$+(1*((&+"41 *+41'&!
+$:H&Y%& 4! *QQU63H#*(35+4! (8%64! [:&! %&4! Q)$#6'64! 3+:4()38%4! & (! +&!)&>&((&+(! Q*4! &+ #*:48) %&
3+(6)C(4! 6+&)96(3[:&4AF! GHS+$>3[:&4! &(1 &+H3)$++&>&+(*Z! ‘&4 KLC! 3+:4()3&%%&4M L:!
#$+()*3)&F13%41'$3H&+(1C()&14:)>$+(641Q$:)126+603#38&)!'&! ($: 4 HEAH*+(*984N

|

@7*()&! Q*)(F!'&4! [:8%[:&4! *QQ3#*(3$+4!'& KLC! *+41%73+":4()3&! O)*+x*34&F! $+! Q&:(! (3)&)! %&4!
HE+#%:43$+41#3D*Q)B4N
|

A S*QUE)(!'&4! +3(64! 3+4(*%%6&4! *+4! %T3+:4()3&! 4$+(! :(3%34684) *+41'&41 $QB)*(35+4!
+3(*3)&4! \&ZI0! %&! 46#A*9&! '&! 2$34]! &(! '$+#! 4$:00)&! '7:+&! H343$+! '73+(69)*(3$+!
6+8)96(3[:&19%$?7*%&!":143(&!13+:4() 3896

X S&410%:3'&410)39$)39B+&4!_1A*:(&!(&>Q6)*())&!:(3%346416(*3&+(1>*X$)3(*3)&>&+(!'&4!CRC!
\MD</! &(! MD<<-]! $:!'&4! qCRC! \MD//! &(! MD<-/?]F! Q)$":3(4! #A%$)64! 3+(&)'3(4! Q*)! %&!
Q)$($#$%&! '&! 5$+()6*% S&! GRC! :(3%346! \MD<.-*]! Q)64&+(&! '&! 2$++8&4! Q&)O$)>*+#&4!
(A&)>$'W+*>3[:&4!>*341:+1geKI*44&KI6%&HBN<- =] SHEA(I'S+!_196*)&HAG)HAL!'&!
+$:H&*:Z10%:3'&410)39$)39B+&4!_10*32%&13>Q*#(1&+H3)$++&>&+(*%6\0*3?%&!geK]"!

X S&A!+3H&*Z1'&! (&>QB)*(1)&! '&! #$+&+4*(3$+! *((&3+(4! +&! 4$+(! Q*4! *44&K! 6%&HBAF!
\fL,C! *H&#! %&! MD<<-! 3+(&)'3(]! &(! >*Z3>:>! hJ! ,C! *H&#! %&! MD<.-*M S&! +$:H&*:!
HE+(8Z(&! '&4! KLC! &4(! Q%:4! &Z39&*+(F! 3%! '&>*+'&! '&4! +3H&*Z! Q%:4! 6%&H64! Q$:)!
8ZQ%$3(8)1%8&4!QB(&+(38Y%041 & (1H&I*HEH!'&I+$:H&*:Z10%: 3'&4!'&1 () *H*3%"

XT]T]!  B*7,$%*1%,$-5#2#<)=6,*19 *I7# :7 *IE!$-'2,6&!)596*%&),22,*!

1.3.3.1 GZnZralitZs
|
SHI>*# A3+810)39$)303[:81&(1%*1Q$>Q8&!_1#A*%6&:)1Q)648+(&+('&1+$>7)8:ZIQ$3+(414#$>>:+410!!

X 1033+ (M&IH:&I(AGS)3[ &FH8A!&: ZIS #AZ+8AIOF+#(35++&+(14&%S+ %8I >C>&IHAWHIHS!!

X 'Z!Q$3+(!'&!HZ&!Q)*(3[Z&F!%*!(&#A+$%$93&!'&4!>*#A3+&4!O)39$)303[2&4!&4(!_!%*!?*4&!'&!%*!

(&H#A+$%3$93&!'8&4!10Q$>Q8&4! 1#A*Y&:)N

|
S*1'3006)&+#8&! &A48+(38Y6%&! &+()&! >*#A3+&! 0)39$)303[:&! &(1 Q$>Q&! | #A*06&:)! )B4A3'&! *+41 %6&! ?:
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" *A48>8+(" &AIGHA*+O8:)4 |
!
"+1 96+6)*%6F! %67 &+H)*448>8+(1'&A) 6HA*+9&:)4! &A(1 :+1 Q)$?%B>&! >*X&:)! Q$:)! %7:(3%34%(3$+! '&4!
KLCIQS$:)1%*1)6#:Q6)*(35+!'76+8&)93&14:)I'&41&00%: &+(4!3+":4()38&%64!
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S&! QAB+$>B+&! '{&+)*44&>8&+(1 48! Q)$:3(! 1%+ %$+9:&F! Q¥)! Go{*##:>:%6*(38+! 4:) %&4! 4:)O*#&4)
(6HA*+0&!'&A!'6Qr(41%*344641Q%)!%&! Q*44*0&1'&41 &00%: &+(41%3[:3'&410$)>*+(1#&![: 7$+*QQE&%%E&!
+1 23$03%>" 8%! Q&:(! 4{*93)! '&! )643"4F! '&! '6Qr(4! >3+6)*:Z! $:! )64:9%6(*+(4! '&! %*! #$))$43$+!
#A3>3[:&N S&4! *QQU%3H*(3$+4! Q(&+(38%%8&4! '&! %+ Q$>Q&! | #A*%E&:)! *+4! %73+:4()3&! 4$+
HE+O)$+(684! | %73+#8&)(3(1'&! '&! Q$:H$3)! )6EIDBDOIMHE>E+(! %! #A*%E:)! *:I +3H&*:! '&!
%76H*Q$)*(&:B&A! &O0%:&+(4! 3+:4()38%64! Q$446*+(1'&41 Q)$Q)36(64! >*Ul #$-++:&AF! 1+ ()*H*3%!'&!
#4)*#(6)34*(3$+! '&! #&4) 0%:3'84! &A(! +6#H8AA*3)&! *3+431 [:&) Yo*! #$++*344*+#8&) ‘&4 (&HA+$%$9384!
TEHAM+9&:)IQ8&)>&((*+(I'&1%8&41 ()*3(&)!

|

K$:)! )64$:)&! #&! Q)$?2%B>&F! %68 #E+()r%&! 81 %% #)$344*+#&] 1 23503%>! *+41 %&A! #+%.71'&
Q*44*9&!1'&41&00%:&+(4'&I%T6H*Q$)*(&:)! &4(13+'34QE&+4*2%&1 Q$:)!%*1 03*23%3(6! &(1% 78O0 3#*#3(6
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1.3.3.4 Fluides frigorigenes
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g6+6)*%3(64
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S&410%:3'8410)39$)39B+&4! $+(1Q$:))r%&! '7+44:)8)1%&! ()*+40&)(I'76+8&)93&! (A&)>3[:&!'&! %6*14$:)#&!
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%676+8&)93&!_106*14$:)#&I&+14TBH*QB)*+(1& (196 I#B ' &+(1*:1Q: 3 (M &+A&IHS+ &+ A*+(NBYAIHI)H: Yo&+(1™*+4!
+H#3)#:3(108)>61[:3!'$3(Ic() & %&!QV: 416 (*+H#A&IQ$4432% &N
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896! W1 * %6$+9(&>Q4! %&! B! 28&(1 %&! 2:(*+&! 6(*38&+(1'&4! 9*K! #$:)*>>&+(1:(3%3464" @&! +$4!
X$:)4F! %841 0%:3'&4! 0)39$)39B+84! %&4! QUb:4! :(3%34641 *+41%73+:4()3&! 4$+(! YeF(t48AB*#1\Uq
AW')$#4)?2:) 841 A*%$96+641

|

S&AIAW)$#5)2:) &A1 A4S+ (' QA HS+A(3(++(41$:1'6)3HE4! 1 Q6()$%6&! &(1':1 9*K! +*(:) &I6F #$+(&+*+(!
QAH($>&AV&IH) 2$+&I&(1I'TTAW')$OB+EN S&I>B(A*+&! Cq 1&(1% 76(A*+ &G A4S+(!_1%6*12*48&!'&)
9%%10%?)3#*(3%+!'&I#& 41 0%:3' 84N @*+41%&A AW $1*)?:) &4 A* % $I6+64F1 %6 & A ($>&A! TAW)$IB+&! !
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C%F!RF!G)]!_1%7&Z#8&Q(3$+!'&106735'&!'$+(1%* %3*34$+1 *HEH! 0681 #%) 2$+&! &4(1 ()$Q! O*32%&! &(1 3+
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CRQE&+*+(F! '&:Z! &+X&:Z! &+H3)$++&>&+(*:Z! ABHI&+:4! ?):4[:&>&+(! )&>&(()&! &+! #*:4&!
%7:(3%34*(3%+! >*443H&! '&! %*! Q)&A[:&! ($(*%3(6!'&! 0%:3'&4! 0)39$)39B+&4!0! %7*QQ*:H)344&>&+(! '8
HSHAL! TSKS+&! &(1%7*:9>&+(*(3%+!'&! %7&O0&(!'&! 4&))&M S&! K)$($#$%&! '&! 5$+()6*%! 1 *>&+6! |
03Z&)!:+1#*%6&+)38&)!'7*))c('&! Q)$'#(3$+! &(1'7:(3%34*(35+!'&410%:3'8&410)39$) 39B + &A1 #$+(&+*+(I'&4!
*($>&4!'&I#AY%S) &N C&AI0%:3'&41)&Q)64&+(*3&+(1Q%:4!'&!f=IUl'&!% 7 &+4&>7?%&!'&410%:3'&4!:(3%3464
&+ <ffh! j1"CIVI"GI\gXgKT ! P+&!)6H$%:(35+! (&HA+$%SI3[:&! >*X&:)&! *I #$>>&+#6! *:1'672:(!
'&A++6&4=1&(1[:31+784(1Q*41&+#$)&!(&)>3+6&

|
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#A3>3[:&I&(1>$3+4+$#3010$:) 196 HS HAL TSk +EFI>*341($:41#8410%:3 &AMW*+(1: +1s@K!\Sk$+&!
@&QU&(3S+ K(&+(3*06]! +$+! +:061 4$+(! 3+(&)'3(4! '7:(3%34%(35+! *+4! %&4A! 3+4(*%%*(3$+4! +&H&A
")$Q&I'&Q:341/===1\)69%&>&+(*(3$+!"PV/=.IT/===]"

|

2:) %&! Q%:4! %$+9! (&)>&F! %&4! 48:%A4! 'BYIbEIB+64! *##8Q(*?%8&4! H34D_DH34! '&! %+ #$:#A&!
TSk$+&! 4$+(1 %841 GRC!\_ s@K! +:%] 8%4! $+(! 6(6! Q)$Q$464! #$>>&! >$%6#:%6841'&! 4:24(3(:(3$+!
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HE>S&!+8&) P$++8&! 45%:(35+! *06(&)++(3H&! Q$:)!:+1*44&K! 9)*+'1 +$>2)&! '73+4(*%%*(3$+41\4:)($:(!
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'6Q*44*+(1Q*4!h=!,CF!%&!qRCD<.-*1&4(1%&! 0%:3'&!0)39$)39B+&!Q)606)6F!Q*)(3#:%3B)&>&+(1Q$:)! %8
3+A(*%%*(3$+4! '&! Q)+ &4 #* Q3 (BMEYE, 2! (8HY#HS$H#2G! \gg IKT (3()&! 3+3#*(30F! $+! &4(3>&!
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%&A KLC! I >$WE++&! (&>Q6)*())&1\3+06)3&:)&! _h=! C]F!%&! 0%:3'&! ()*'3(3%++&%! 6(*3(! %&! CRCD</"
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B qRCD.EJ>0O#!
GRCD</.-WO!
- - gRCD<.-*! C02
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Propane / Butane!
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|
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|
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|
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-

ST+>>$+3*#184(13+0%*>>*2%6&1&(I($Z3[:&!

S&AIAWSH)?:)&414$+(1()BAIO*#3%8>&+(13+0%*>>*2%6&41&(1&ZQ%$4304M!

A S7&*1+&IQ&:(1Q*4Ic()&!:(3%346&10*#3YBSBHEU! (&>Q6)*(1)&4!3+06)38&:)&4!_I<==1,CF!
#$>Q(&! (&+:'&14*1()BAIO*3206&!1 >+ 448! H$Y%:>3[:&!_196%17*44&1Q)&443$+![:318+()*a+&!'&4!
H$%:>&413+*##&Q(*2%&4!'&I#$>Q)&44&:)M!

% S&ICs/!* +&! (&>Q6)*(:)&! #)3(3[:&! '&! .<! ,C! &(! 3>Q$4&! '$+#! +] OS+#(3$++8&>&+(!

4:Q&)#)3(3[:&!*:Z1(&>Q6)*()) &4 (WQ3[:&4!'7:(3%34*(3$+!'&41Q$>QE&A!_H#A*%&:)I&+()*a+*+(!

2

'&A1Q)&A43$+AI'&IOS+H(3S++8>&+(16%&HB&AI&(1'&AIA: WS (A1*44$H#364N

+'?2,'6!XTZ!(&#7&)8%8*19,*1"26)9,*176&*1 7#%,5%),2*! 7#6&!(BI!E!-'6%,!%,:78&'%6&,!

. Y C$>Q$43(3%+| K)&443%+! V&>Q6)*(:)&! 0)$:Q&""&!
US>110%:3'&! #A3S3[& | #)3@E&I7n! |#3Etencnt | 98K | ae#)3(6!
gW")$0%:$)$#*)?:)&4!1qRCTQRS!
qRCD<.-*! C/g/R-! -="E! <=< <=l |L<!
gRCD<J/*! Clg-R/! I << Al <L
gRCD</.-WO!! C.g/R-! I f-Ah! - L/N%$j]!
qRCD//1&*! C.gR1I! il <=<"hl JI=! L<!
gRCD/.EO*! C.q/RE! A </[-Ml fh<=! | L<!
gqRCD/-JO*! C.q.RJ! ENJ! <J-"<I <==! |G<!
qRCD.EJ>0O#! C-qJRJ! JM <hEMM! f<=! L/
gRCD</.-k&\b]! C.q/R-! Al <IN E! Lo}
R%:3'&413+$)9*+3[:&4!&(IAW')$#*)?:)&4!

MDI--N@3$ZW'&!'&!C*)?$+&]! Cs ;! 1! <! <! L<!
MDI<h\"<]! q,s! /1= 1 }<! L<!
MDI<INL>>$+3*#]! Uq ! << <.l <! G/
MD/=N\Q)$Q*+&]! C.gh! - fEA! /=! L.!
MDE==I\?:(*+&]! C-g<=! ht! <J/ = L.!

1.3.3.5 Verrous technologiques
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|
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(&>QB6)*()&!'&I#$+&+4*(35+]1 #9))84Q$+ !
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|

S*14:Q&)H343%+!'&4! &44*34! &(! %&! #A$3Z!'&4!'3006)&+(4! 4#6+*)3$4! *3+43! [:&! %*1 4*:H&I*)'&! '&!
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|

P+1Q$3+(1'& O$+#(3$++8&>8&+(1+7&A(IH*%3'6! &(14*: H&9*)'61 [:&1%$)4[:&1%&!)693>&! Q&)>*+&+(184(!
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|
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%&! '6?3(! >*443[:&! 1 0%:3'&! &(! Q*)! 4:3(&! %*! Q:344*+#&! #*%$)303[:&! '&! %*! KLCN @*+4! :+&!

Q)&>3B)&! 46)3&! '7T&A4*34F! %*! Q:344*+#&) #%$)303[:&! *! 6(6! 03Z6&! &+()&! J==! &(! E==! me! &(! %*

>$':06%(3%+! '&! Q:344*+#&! '&! %*! KLC! *! *%$)4! 6(6! &OO&H(:6&! Q*)! **Q(*(3$+! '&! %*! H3(&448&!

H*)3*206&!" 1>$($D#$>Q)&448&:)
|

L1 +§(&)! [:&! %&! 4:)#A*008.)! '&4! 9k! _| %7*4Q3)*(3$+F! %+ Q$>Q8&! &(! %&! )80)$3'344&:)! 'TA:3%8&!

+76(*3&+(1Q*4*#(3HEAIQEH*+(1($:41%8& 4! &A4*341*+41% & IH*) &1'&%*| (ABA&N
|

S&A! 8443411 #&((&! 46)38! AT+44:)&+(1 [:8) %*! (8>Q6)*(1)&! 'T8+()68 *: HE+&+4&:)!'&I %78+

Q)$H&AA&A(14:Q6)38:)&!_196*1(8&>Q6)* (1) &!'&AN)&X&(A!'34Q$+37%8&4!_1%76H*Q$)*(&:)!'&1%*IKLCA!
|
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VIQ)$#8&4411=!,C
[

EFJ
E

JFJ
J

-FJ

. ——0-—/.

/R O

IK(

J=

J -=
+,:7,&'%6&,!&,[,%!polqg

VIQ)$#&44IEJ!,C
== V/IQ)$#&4411J,C

e \/1Q)$#&A4IE=!,C
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EFJ

JFJ

IK(

-FJ

.FJ

/FJ

J =
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!
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!
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!
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|

—t— @673())&X&(1<II>.TA
@623()&X&(I-EI>.TA

@623()&X&(1/I!>.TA

EFJ

JFJ

-= -J
+:78&'%668&,1&,[,%!polq

—t— @6723(1)&X&(1<I!>. TA
@6?23()&X&(I-El>.TA

@6723()&X&(1/I1>.TA
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EFJ
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JFJ

-= -J
+,:78&'%6&,!&,[,%!polq

!
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[
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!
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@6723()&X&(I-EI>.TA
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JFJ

JF=

= J = -J J=
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e @D 6?73(1)&X&(I<II>.TA @6?3()&X&(JI'>.TA
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JFJ
JF=
-FJ
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FJ /
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/FJ
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!
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!
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!
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(Qcond Qeva;)
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|
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*((&3+)&! -=! 1 J=! dN @*+41 #&) 9&+)&! '&! 4#6+¥)3BF! %1 (&>QB)*(1)&! '&4! )&X&(4! Q&:(! c()&!
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!
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|

C$+039:)*(3%+ VI&*:I'&! VDE&X&( V!?2&4$3+ tI"#Al tIKLC!  tlAwWA4(! el&%&#! CsK! CsK!
H3%%&!I,C [,Cn! 1,Cn! Imen! Imen! Imen! Imen! KLC! 2W4(B>&!

0$85'&)#!X!

KLCIfI"#Al [E~N! -l JJ! hi! - J/=! hf! -AhJ! J”hJd!

KLC! /E~N! -l JJ! =l J/=! J/=! <=-! J! J!

0$85'&)#!\!

KLCIfI"#Al /h”h! --1 EJ! <hl! -h/! El=! <= -AE! EAJ!

KLC! /h”h! --1 EJ! =l El=! El=! <-=I -AhJ!' -~hJ!

|
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Q*)#&IAWA(B>&N!

|
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|
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|
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2.4.3.2 Equations thZoriques de base
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4.1.2.2 Cycle simple du fluide frigorigene
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'7878&)93&!:(3%&IH$))&AQS+*+(&!*:1) &+ &>&+(18&Z&)96(3[:&!": 1AW A (B>&N!

|

+22,'6INTXgli IV87'&%)%)#519,*16¥< *19,123,H,&<),19,*19) "8&,5%,*1¥):62'%)#5*[+  Inl]ggAk!

|

23>:96%(3$+! K&)(&A! K&)(&A!! K&)(&A | K&)(&A! K&)(&4! [ P(3%&!
! #$+H'E&+A&)! | 6H*QS)*(&)! |'6(&+'&:)! | #$>Q)844&:)! | >$(&:)! |!
MD<.-I\($:(&!#$+039:)*(3$+]! IFE!u! fF/1u! <<FJu!  |LF/ul <=lu!  |.hFJu!
5<1(:2&4DH#*%*+) 84! IFhlu! hFIlu! <.Fflul JALA <=lul | .-F-lu!
5<I(:2&4D#*%*+)8&41\21%:9>&+(6&]! | IFh!u! hF-lu! <.Fhiu! J3F.Jul <=lu! | .-Fhlu!
5<I#$+()&DHS)*+(4! JFJu! JFJu! </Fflu! JIF<u! <=lu!  |--F=lul
5<I#$+()&DHS) +(4N21%:9>8+(68)! | .F-lu! <F<!u! </F<ul I=F/iu! <=lul  |J.FMu

<<.!



S*1R39:)&! <1 Q)64&+(&!%*)6Q*)(3(3$+!'&41 :4+*9&4!'&1 %7&Z&)9I3&I\Q&)(&4! &(:(3%&4]! 4$:4! 0$)>&!
'&4! A34($9)*>>&4! &>Q3%64! Q$:)! O*#3%3(&)! %*! #$>Q*)*34$+! H34:8%%&! &+()&! %&4! '3006)&+
43>:%*(3$+4N

|

<==uU -~
fiu
f=u
hdu -
h=u -
1Ju i (3%&
I=u
EJu - B Q&)(&4'>$(&:)

E=u -
2 = Q&) (&A1HS>Q)&448:
o = Q&)(84!'6(&+8&:)

Ju A

Tu - Q8)(&4!6H*Q$)(&:)
fJu -

su - Q&) (84H$+8+48:)

<Ju
<=u

MD<.-I\($:(&! 5<!(:?&4D 5<!(:?&4D 5<1#$+()&D 5<I#$+()&D
#$+039:)*(3%+] #%*+)&4  #U%*+)&4N2! #$:)*+(4 #$:)*+(4N2!
*9>&+(6&] *:9>&+(6&]

C)<6&, N TXYIIVET'&%)%)#519,*16%'< *19,123 H,&<),19,*19) " 8&,5%, *1¥):62'%)#5!!
|
S*IR39:)&!-A<E+&!()*3(&![:&!%&4! Q&) (&4!'&! % 7&Z&)938&! &(1>$+()&! %*1)6Q*)(3(3%+!'&41'&4():#(3$+4!
878)96(3[:&4! &+()&! %&4! #$>Q$4*+(4! '&! %*1 KLC! Q$:)! %8&4! '3006)8&+(&4! 43>:%*(3$+4 s+ Q& (!
HE+A(H(&)![:&1%6*1Q¥)(1'&4'&: ZI GH#A*+9&:) M *+41%6* 1Q&)(&! ($(*%&!'7&Z&)93&![:31476%BH&!_!/hlu!
Q$:)! %&! MD<.-*1 Q*44&! /31 ul *H&H#\>6%*+0&! f1 #$+039:)*(3$+! $)393+*%6&]! &(1'3>3+:&! X:4[:7 !
fEIIU *H&H! \>6%*+0&! f! #$+039:)%(3+! #$+()&DHS)*+(4! _| 4:)0%#&! *:9>&+(6&]N S*! Q&)(&!
>3+3>*00& % 1#$+&+48&:)1&4(14:Q6)3&:)&!_1#E&Y%E&!'&I%TEH*Q$)*(&:)!":10*3(1[: 78%%&! &4(1%3>3(6&! Q*)!
%&1)&0)$3'3448&>8&+('64:)#A*: 00&]!3+6H3(*?%&! &419%K1) &0$:%6641Q%) 1968 1#$>Q) &448:)N
|

-Ju
-lu B MD<.-I\($:(&!#$+039:)*(35+]

fu 5<!1(:?&4D#*%*+")&4

Eu B 5<I(:28AD#*%*+)&41\21*:9>&+(6&]
~u B 5<I#$+()&DHS:)*+(4

)Eu B 5<#$+()&D#HS:)*+(41\21%:9>&+(6&]

/-u
/I<u
<hu
<Ju
</u
fu

H$HEAA&) BHQP*E&) 'B&HE&)  #$>Q)&44&)  >$(&)

C)<6&,"TX_lIIV87'&%)%)#5!9 9*%&6$%)#5*! H,&<8%)=6,*!
9,*19)"8&,5%, *I*):62'06)#5*]

<<-l
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