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1 @wﬁ%@@%@w

£’MMW@MW?J@WW@W%&M
Pwnegnmur\éodamﬁe&/pax;eﬁdé@wum

P=(PxR)U(P x {0}) )

eb il est possible d'identiien P o P=P R Lide eak de considenen le plam afflime P
wwwmmp\wﬁamdeﬁd'écpmﬁmw:l Qamndsmméewﬁéwmwm

TMAMWQN’MMMW,W&M
T =Y wMA;
Q@WW@P&Q@W@? M&ea&ﬂWd@ﬁdﬁw

MWMMW,WWQ’W&WmMWM
Q’mmﬁlwﬁ,mst@@,@tdé&/wdeﬁagamm

ow—l—u:()i/m/P&que:

(M;) @ (N5 ) = (M;w) @ (N; ~w) = (wNM;0)

o (M;w)®d (M;—w) = (wW;O) = (ﬁ);O)



ow—l—usé()inmpﬂlque:

(M;) @ (N3 ) = (bar { (M;); (Vi) 50+ 1)

o (W;0)® (V;0)= (W + ;0)

. w7é0:>(M;w)EB(7;O):(Tiﬁ(M);w) st Ty ek la bramalation de P de wecteun
og

%Ww&WMWW(M,w) (N; ), awecﬂawmdxbkm
w+u#0,blmo[mmxebiéb@ac&@mﬁmtmuﬁ@mm%m&ab@m.

(M;w) @ (Nsp) = (Myw+p) @ (M; —p) @ (N; )
= (M;w+p) @(_A?o) 2)

&t&a,p&twb&mtbw@mm@ﬂe&mmﬂb,wm:

(M;aw) & (a;0) = (Tig (M);aw) (3)
A ume /r\ant ek
(M;aw) ® (Nsap) = (bar {(Miw); (Ns0) s @+ ) @)

d'aubﬂezr\ant @e T\QMA,AJLM—!—;L;AO, aQ@fw,fT\eubamem:

(M;w) & (M;p) = (M;w + ) (5)

%}WMamte:

e 0 # 0= a0 (M;w)=(M;aw)
cw#0=00(M;w)=(0:0)
° a@(ﬁ;O): (a7;0)

MM%E%WWQHMWQQ(M;M)WA'%R&%QQ&%Q@WW@BM&M
Q’WMWWJQ,WMMWM&W
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e L ggomanie projectivoe. De pls, Lo forvmulle (3) peut szcune

(M:aw)® (a;0)=a6 (M;w)® (u;0)) (6)

1.9 QM&%@G%WWMQQ%Mﬁ

Foun tout embien n mon mul, B, (1) démgmeﬂe 1+i-éﬂne/r\e\pfgﬁ\&mede%mteim.

fpstf )EHO”] n—i—lw@vna&awdep

%Uﬂmw%&”ﬁm@umﬂmmWMmeWWm%

f@u‘fa%@motmw dé%mwmm [0;1] -pan
— lei X B, (t)

%%MW M;w) 7'0 Wﬂf‘ﬁaw&cﬁe@%cﬁew
vnaam?ueédembw& P w;), /nG{'ieeBR{( Wi)ie[osm },Alfaa',é\teumnée/to

OM = in(t0) OB + — "B, (to) P,
Wy (tO) iceJ
@)
w = wy(to)
o ul wy(ty) =0 alsns, mous avons
% =Y wiBin (to) OP. + 3" Bin (to) P )
el ieJ

£mmwlwb%mwmm&ﬁj%&w@mmwmwmwﬂm%m
(OP),_, ek ume panbie weckorielle () _

£mw&@%%mmmqwﬁ@mmkwmmahwmﬂm@m@m
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AJLPOEkPlAdemW(a%im@)wquemPn,lekPnMde(a%xm@)
A'meﬂeae@%@émmwagaaﬁnén,a@mﬂamwmpomﬂaarmu(popl)

&Qatwnﬁmempne&tﬂadnmte(PnPn_l).£'uhijahomdedeemfr\é@em
W@M@MW&@WE&WW&Q@
£WWWWWWMWD%&,&MMWA’W

pm@mwm

R — R*

0 — 1 )

r#0 — =z

g Lotation 1
|£amta¢mp WW&WWM&W?

En ubibisamt lo formule (9), meus poussons simplfien la. formule (7)
/"WVWM 8Uuhmem8mﬂ)\ehquedmwwun@ede@?)e%mn

(Py;w )El[oﬂn—i-lwufavw?ueédep
c/@[@m

o la forvmule (7) devient :




13 Fnopistes diffenentielles des counles de
@?)é%imgn()ekl

Nows anens :
@ Cheoreme 1
fﬁanWwéga/dQ f%ffwomnéeﬁwvw/fﬂtfmwmge
de@%@ldem@wdewmbw& (Po;wo), (Pr;wi) el ...
Deuzz cas sonk & diskinguen :

>MW1:OJE>,&WMM&&W&%POM:

%OMn (0) = L7, (12)
Wo

>Aiw17é0,/euecteun0{feAAed/awimgeanPoeAf:

d w1 ——=
dt

Qe{tnmmﬁULMMMégaﬂdQ,wome.@)mm:
%

— n

ke[3;n]nI ke[2;n]ng

d(t) = iwinm(t)
k=3

ek meuws /r\@u/ve/m) Ecrune
B = X (@) Bun ) B
ke€[3;n]

=~ = ~ =
ol P,=0P;, si w, #0 el Py = P, sl wp =0.

n(n—1),

1) = wn(1—1)" O+ mx (@) (L= 1) Py 4 x () 2 (1= 02 By 4 85 (1)

w(t) = wO(l—t)"+nw1t(1—t)”1+w2n(nz_ .

(1 —t)"7+d(t)

(14)



E?LWAQM@M:

w(t)#0

1
OM,, (t) = w—(t)ﬁ (t)

J@m e@te/rwm deme :
%7 (t) = —nwn (1~ )" OF + nx (wn) (1 — )" Py + B (1)

ouuec?((]):ﬁ d’umezr\cmtat:

d (t) = —nwy (1 — )"+ nwy (1= 1"+ (2)

e (0) = wOF
w(0) = wp
d —~
%ﬁ 0) = —nwoO—>Po +nx (wi) P
W' (0) = n(w —wo)
ce a[ux conduik & :
O M 0 = Or I
1 — ~ n(w; —w —
= — (—nwOOPO + ny (wl)Pl) _ e 3 0) 0O
Wo Wo

1 ~ ——
= o (nx (wy) P — nw1OP0)

atdmoccabwmtddmb\rnﬁkm
>Akw1:0,mw(>@>temefm:
d—s n —
&thﬁ):ﬁaﬂ@fwﬁeMPoe&thMommame;



>Mw17é0,mubopyte/no¢w:

—O (O = n—P0P1

|
Bornollaine 1 Toimbs stabionmaine em 0
fﬁanWwW&Q.fﬁwomﬂﬂmvmﬂfme
courde de @%{M&WW&\WL&M&&& (Po;wo), (Prywi) el ...
—6) /dcsvncwl:O)@uPo:Pl M&WPOMMWAMW

'y%m;g
de conbrdle .., (Py_y;wn_1), (Po;wy).

o@mcaAA&nfadwﬂmgAm:

>mwn1—()d'Pn17é jevecteunma/awmgemPeAf

—O i ——Pn 1 (15)

>Aiwn_17é0,/eq%ofammd£awungemPneAf:

EO (1) = —n¥n= PP |

Corollaine 9 Toimts stabionmaine em 1
WMAAWJ&@MJN&& Po_150n-1), (Poswy).
fﬁn_ /d&ﬁwwnl—O)auPn:Pn_la&wﬁeMPneAme




14 De Caskeljon

144 Cas du degné 2
£W4m&bw&ﬁwk@e€w@wﬂam

2. Calleul de (Qo;ap) = (1 —1t) ® (Po;wp) @t O (Prywr)
3. Calleul de (Qu;01) =(1—1) © (P;w1) @t O (Pa;ws)
b, Callewl de (Ro; o) = (1 — 1) © (Qo; a0) &t © (Qu; 1)

gmbie:£EMW(RO;WO)AEQIQMAEMQ>€MWMQQW@€AE
@?)é%xm a[uadrm.bm[ue de /rxe«mta m\aaqu,taa de comnbrale (Po;wo), (Pywi) ek (Py;ws).

Algorithme 1 : J@Qg@’utpwne de De (ezmte%nu dams Qewr\ace des /r\mmha MabbiquUed, Cab
quodnabique.

149 Cas du degré 3
Lalgorithme 2 detaille les ztapes de [algorithme de De Casteljon poun la comsbruction

d'de'Ww@ede%éydeWmAwdewm&
143 Cas du degné 4
Lalgorithme 3 detaillle les ztages de [algorithme de De Casteljon poun la comsbruction



Enbnée : Quabre /r\@«ml:b mabbiqued (Po;wo), (Py;wi), (Po;ws) ek (Ps;ws).
1. Choicc de t doms 0;1]

9. Collewl de (Qu;a0) = (1 — ) @ (Py;wo) @t ® (Pr;wy)
3. Collewl de (Qi;010) = (1) @ (Piyw1) @t ® (Py; wy)
b Colewl de (Quia2) = (1 =) © (Priwn) @1 © (Py;wy)
5. Callewl de (Ro; Bo) = (1— ) © (Qo; 0) Dt ® (Qu; )
6. Calewl de (Ri;p) = (1- 1) © (Qis00) &0 (Q:0)
7. Caleul de (So;0) = (1 — 1) © (Ro;70) @t © (Rys )

E?b’lbie:geMW(SO;wo)deQ’amdemn@emdé&AéTmQamﬂ@ede
@?)é%xm ULQWO[UE de /r\mml;o mabbiqued de conbrsle (Py;wo), (Pr;w1), (Po;ws) ek (Ps;ws).

Algorithme 2 : cf@ﬂgcyutp\m de De (ezmte%nu dams Qewr\ace des /r\mmtb MabbiqUed, Cab
DLLQRD[LLE.
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Enbnge : Cing oimks massiques (Powo), (Priwr), (Piiwn), (Priws) ek (Piwi).
1. Choice de ¢ doms 0;1]

2. Callel de (Qo:0) = (1= 1) @ (Piwo) @t @ (Pyien)
3. Calewl de (Qrion) = (1= 1) © (Prw) @t (Po;ws)
b Callewl de (Qoy0n) = (1= 1) © (Pyywn) @t ® (Py;ws)
5. Callel de (Qs:09) = (1= 1) @ (Priwy) @t @ (Pysen)
6. Caleul de (Ro; 80) = (1= 1) © (Qu; a0) @t © (Q1; 1)
7. Collew de (Ry; 1) = (1—1)® (Qus01) Bt (Qo; 0)
8. Caloul de (Rai o) = (1= 1) © (Quicn) @10 Qi)
9. Colleull de (Sp:v0) = (1 =) © (Ro; Bo) @ t @ (Ry: B1)
10. Callewl de (S1;71) = (1 =) © (Ri; 1) @t O (Ro; Bo)
11, Callewll de (Th; o) = (1 = £) @ (So;70) Bt @ (Sism)

f?b’lbie:£EMW(TO;WO)AEQ,M&MMMQQM&
@?)@b)\m quad}mbtque de /[\o«mta m,&mqueb de conbrale (Po;wo), (Pryw1), (Pajwa),
(Ps;ws) ek (Py;ows).
Algorithme 3 : J@ng'utp\m\e de De (ezml:a%nu dams Q’ewr\ace des /r\@«ml:b PmaAAio[ueb, cab
quonbique.
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15 c)bugfmemtabmxdudegné

Uﬁmmmm,mm&mﬂﬁ’oﬁﬁm&mAdemmmmwdg%@ymm
hsmma&&eded%énmmmn@ede%@y’mnaﬁsmme@ededagmén+l.

Enbnge : 1+ 1 poinks mansigues de combrale (Piw)yco,.
1. (Qo; Wo) = (n+ 1) ® (Po; wo)
2. St m=n+1. (Quir:Ws1) = (n+1)® (P wy)
3. Joun ke [1in], (QuWi) =k O (Prriwit) ® (n+1—k) @ (P wy)
Sonkie = n+2 noimks massiques de conbisle (QuWi)yic, -
Algorithme 4 : Clevation du degné d'ume counlle de Benien nabionmelle de degné n.

£a@m&e@@e&mdg@mmnb%wmé&mh@mmm@edg%@ymn@mme@e
W&WW&M{Z@ (Py: 1), (ag7;0), (ao 7:0) ek (Py; 1) va 2bne modalinge

MWM&%WWW&WW&M&(QO,WO),
(Qr; 1), (Qa;m3), (Qs:03) ek (Qu;m4) em whillisamk Qoﬂg@utpmne b Nouws avons n =3 ek

m=4 dsi :
1. (Qu;Wo) =40 (Py; 1) = (Po; 4)
2. (QuWa) =40 (Py; 1) = (Py; 4)
3. @GUTL k=1.
(Q; V1) = 16 (Py;1)@®30 (ay7;0)
= (Py;1) @ (3a07;0)

= (75(107 (PO) ; 1)

— Q1 (3a0;0) L Wy =1.
4. qsm k=2.
(Qo;Wa) = 20 (ag730) @26 (ay7;0)
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= (2&07> + 2&07; 0)

%
5. Joun k=3,

(Qs:Ws) = 30 (a7;0) @10 (P 1)
= (P;1) ® (3a07;0)
= (Tou7 (R0);1)
= Q3 (0;3a0) L W3 =1.

&@WW&M&@Q@M&%WWM (Py; 4),
Q1 (3a0; 0 @WW1_1Q2_2%@+2@0] @WWQ_O Q303a0de/[\0«db
Wi =1 eb (Pd). bes poimks doubles de conbrsle des aubnes counbes somt (Poi1) + em
WMMQ@WWM,WM(O)Qlwo ) de poids
Wi =1, Qs =Lay 7 +Lay7 de poids Wy =0, Qy (0:3a0) de poids Wy =1 eb (Py; 1), fiigune 1.

QQMW@WWWWRW
94 @e@mm@tt&wmegmmu

/rmekdo@te/nmw

w@e Qawneaﬁﬂamn@edmmkmmtmﬂwe ;B muhmmtﬁaww@e
de@?)é)é}\m yohmﬁ’mmwe [O;l].gm Wmnb\w@\m,mmwmbmneume
Cm@,e&e@%@bmwmm% Vimtervsalle [o; +00] su [—o00; 8] em neskamk awn
Vintervwalle 0:1). Lo seule nestniction est : a # —co b 3 # +00. Mbus pouvens done
Mﬁ’m@mwmmﬂmwogﬁmmhaﬁmwmmum
mitiaﬁe%ekmm@diamtqrym&ﬁm[)ﬂm:«Q’mtgkmc'mtﬁem,wwwmﬁa%vn».
J‘pwb/rwuemémmm:
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(Q;1)

@ng—%&&ed’m@e&umdg@mnmtémmwun@ede%éym
nahslnmeweo[uanbio[ueamecao:l
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@ Cheonome 3
S%{f'yumeww?gede @%kcﬂ?ﬂéndewwdem((ﬂvwz))ze[ ]
Soit les neels a, b,caédvéu%{amt:

a b
c d

fwh/a%mm%\ogn%@uedeﬁdanw?dé%ﬂww

a(l—u)+bu

£0 (17)

h(u) =

(18)

T c(l-u)+du
Alprs voh mf/ammgede@%(mdedegnénde%m@maamz}u@demé&
«Qi;wi))z‘e[o;n]] donk les Ww dfywr\demfdu degﬂéde la counde.

|
Jpom%ehmtmm/rm%mh’(u)mtmw&:

b—a a b a

=bc —ad # 0

d—c c

exctrémités de la counlle. De plhus, il mest pas possille de bramaffervmen wn poimt négulien

Motons le cas panticulien auinsamt pernvmettamt de laisser imvaniamt les poimbs exctné-
mause lonague ces denmiens somt des poimbs (offfimes). Dams le cas de wectewrs, il suffit
de qremdrne ¢ =1 ef/eu b=1 powt me pas medifien ces veckeuns.

C
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avec

(Qo; o)

(Qn; @n)

M@WWWom

Soit (P wi))iepomy ™+ 1 de W masaigues.

Boil b ot ¢ deuzx néels abrictement poailifs Soit b defimie pan :

bu

u

= " O (Powo) NP

= VO (Fuwn) =
Al;wnyéo

c(l—u)+bu

(Po; ¢ wo)
A/Lwo;ﬁo

(Pr; b"wy,)

a/@fw'yoh M&M&@%&WWQM&((Q“wZ))

Demonstnabion : [1]. Msus anons h(0) =0 ek n(1) =1 eb h esk cnoissamtbe.

£eta@[2&au1dewﬁebwaﬂaxmdwmm[%&npﬁmdeh(]0;l[).

h(]0; 1)) Expression a b d
. B u o (l—u)—u
|—o0; a1, h (0) = o T o= T o 1 0
1— 1—u) —
|—ooianl, h (1) = a1 o 41t _dzw-au 1| —ar | 0] 1
—u —u
Javi; ciiia | @i+ (i —a) u=0a; (1 —u) +aqu | @ | aig 1
u a, (1 —u)+u
Jag; +0ol, h (0) = O+ = E - a, | 1 0

Tallle 1 - Intervoallles eb valewws de a, b, ¢ et d dams la forvmule (18)

16

€on] -




(Qo; o) = (c— a)2 O (Py;wo) D2a(c—a)® (Prywy) @ a®© (P ws)
(Qr;@1) = (c—a)(d—0)® (Pywy) ®(bc—2ab+ad)® (Pw)®abe (Pyws) (22)
(Q2;w2) = (d—0)? O (Py;wo) ®2b(d—b) © (P;wy) @ b O (Po; ws)

C@a@@e&—@o&mﬁcwdewmbﬁgeduﬂ)\éomir

Dams les polynsmes de Benmatem n'imbternvionnent gue t et 1-t. da forvmule (18)
conduit & :

(c—a) (1—u)+(d—>) u
c(l—u)+du

I ==

t = a(l—u)+bu
1—t = (¢c—a) 1—u)+(d—0b) u

21

9.9 Qmauagﬁnéz

SGoit ume cowle de @%VQWBQWW&W(PO;WO), (Pywy) el
(Po; w2) dewa&f/awnw C.
Soit b deffnie pan Lo formule (18)

CJ@ZG’YA’}/OhBAtZaCGtU?gec{e @W,QW&WC,&WW
de contrable (Qo; @0), (Q1;m1) el (Qg; @) ey A N falVoam 9,
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Jpﬁw oMb
()= (1 =) (Powo) ®2t (1 —1) © (Pr;w1) B> @ (Pa; wn)

En wtilisamt la formule (21), mous avems :

(1—1)*© (Po;wo)
= ((c—a) (1—u)+(d=b) u)’© (Po;wo)
= (c—a)* (1-u) ® (Pywo)
& (c—a)(d—1b) 2u(l—u)® (P wo)
®  (d—1b)* v’ O (Powp)

2t (1 —t) © (Pr;w)
= 2(a(l-u+bu)((c—a) (1—u)+ (d—0b) u)® (Pr;w)
= 2a(c—a) (1—u)’ O (P;w)
& (bc—a)+a(d—0b)) 2u(l —u)© (P;w)
® 2b(d-0b) v’ O (Prywr)

t2 O (P wo)
= (a (1—u)+bu)®© (Pyws)
= @ (1 -u) ©(Pysw,)
@ ab2u(l —u)® (Py;we)
© b0’ O (Pyws)

d M%Ar de negroupen les Lervmes em (1 —u)?, 2u(l —u) ek u?.

m

?LwO&WQMdmnéeQbMot@mmt/pM%o,Wa:Qc:\/—%rib:d:\/@,

MGAUD VHOMD -

w1 # 0= RQBC{(Fo;wo); (Pr;w1); (Pa;wa)} = RQBC{(Pm 1); (Pl; Ja%) s (P 1)} (23)
ek -

— 0 — ROBC{(Pywo): (P:0): (Pyws)t = ROBC L (P 1): [——— B0} (P 1)} (24

w; = 0= RQ {( o,wo),(l,),(z,wz)}— Q {( m%(m 1,>7(27 )} (24)
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(Quswo) = (a—c)’® (Po;wo) ® =3 a(c—a)*® (Pr;w)
&) —3a%(c —a) ® (Pa;wq) ® —a® ® (Ps;ws)
Q1) = (a—c)>(b—d)© (Py;wo)® (c—a)(Bab—bec—2ad) ® (P;w)
® a (3ab — 2bc — ad) ® (Py;ws) ® —a?*b ® (P3;ws) @5)
(@) = (A0 (a ) © (Pye) @ (d— B) (3ab — ad — 2h0) © (B )
® b (3ab — 2ad — be) ® (Py;ws) ® —b*a @ (Ps;ws)
(Q3;3) = (b—d)® ® (Pp;wo) ® —3b(d—b)*>® (Pr;w)
@ 302 (b—d) ® (Py;ws) @ —b> ® (Ps;w3)

%&&3_@3@@%@@@%&@&@%5

9.3 (emdudegAéS

'M @P\afnﬁmr\emt de /pwmmébw P‘D’W\Bﬁf@/"\p\kﬁille cu@ique

femf une wunge de L@%/w‘l ¥ de W de cMwa*je WWUEO (Po;wo), (Pr;w1),
(Pyyws) el (P3;ws), de Awmrfa counbe ouﬂzgue C.

Soit b deffnie pan Lo formule (18)

c/@/@)wyoh W&W&&@%,&AW&W&WQ&W
Wdew%[h@& (Qo; o), (Q1;m1), (Q2; @2) el (Q3;ws3) donmés dams Ve tablean 3.

n
Demenabrabion : mous avens -

F(t)=(1 =10 (Po;wo) ®3t(1—1)° @ (Pr;wi) @32 (1 — 1) © (Py;wa) @ 2 © (Ps; ws)
En whllisant la formule (21), mous anems -

(1-0)°© (Poswo)
= ((e—a) (1—u)+(d—b) w* O (Pow)
= (=) (1- )’ (Fyw)
® (=)’ (d—b) 3u(l —u) © (Pyw)
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& (c—a)(d—1b)" 3u” (1 —u) ® (Po;wo)
& (d—b)’ 1" © (Pywo)
3t(1—1)° 0 (P;w)
= 3@ (l—-w+bu)((c—a) (1—u)+ (d—b) v’ (P;w)
= 3@ (1—uw+bu)((c—a)’ (1—uw’+2(c—a) (d—b) u(l—u)+(d—b)* u?) O (P;w)
= 3a(c—a)’ (1 —u)’ O (P;w)
& (blc—a)’+2a(c—a)(d—0b)) 3u(l—u)’ O (Pw)
® (2b(d=b)+a(d—b)") 3u* (1 1) O (Psw)
® 3b(d—1b)® ' ® (Pw)
3t2 (1 —t) © (Pa;w2)
= 3(a(1—uw)+bu)’((c—a) 1—u)+(d—b) u)® (Paws)
= 3(a® 1—w’+2abu(l—u)+ 0 u?) ((c—a) (1—u)+(d—b) u) O (Pyw)
= 3a’(c—a) (1 -u)’ O (Pyws)
®  (2ab(c—a)+a(d—1b)) 3u(l —u)’ @ (Pa;ws)
@ (V*(c—a)+2ab(d—1b)) 3u” (1 — u)© (Paws)
@ 302 (d—b) 1’ O (Pyuws)
t° © (P3;ws)
= (a (1—u)+bu)’ o (Psws)
= @’ (1-u)’ O (Pyws)
® a®b3u(l —u)’ O (Ps;ws)
@ ab® 3u (1 u) © (P3;ws)
@ b ut o (Psws)

UQM@@&@WQ@ kermes em (1 —u)?, 3u(l—u)? 3u?(1—u) ek u?.

94 Qmauaggnw

20



(c—a)" @ (Py;wo) @ 4a(c—a)* ® (Pr;w)

6a2 (¢ — a)® @ (Py;ws) ® 4a® (¢ — a) © (Ps;ws) ® a* © (Py; wy)
(c— a)3 (d—b) ® (Py;wo)

(3a(c—a)® (d=b)+b(c—a)’) ® (Pr;w)
3(a(c—a) (a(d—">b)+b(c—a)))® (Po;ws)

(3a%(c—a) b+a®(d—0)) ® (Ps;ws) ®a’b ® (Py;wy)
(c—a)*(d = b)* ® (Py;wo)

(2b(c —a)* (d=b) +2a(c—a) (d—b)°) © (Py;w)
((a(d="b)+b(c—a)*+2a(c—a)b(d—1b)) © (Pyw) (26)
(2a(c—a) b* +2a>b(d— b)) ® (Ps;ws) @ a®b* @ (Py;wy)
(c—a)(d—b)* ® (Py;wo)

(a(d=0)°*+3(c—a) b(d—1b)*) O (Py;w)
3b(a(d—b)+b(c—a))(d—1b)©® (Pyws)

(b3 (c —a) + 3a b*(d — b)) © (Ps; w3) @& ab® © (Py;wy)
(d=0)" ® (Po;wo) ©4b(d = b)* © (Psen)

6% (d — b)* @ (Py; w,)
4()3 (d — b) ® (Pg;tdg) D b4 © (P4;W4)

(Qo; wo)

| s>

(Q13W1)

e & &

(Qa; 2)

e & &

(Q3; w3)

o & &

(Qa; 4)

o &

C&I&&L@WW@C@M@%@Me

@ Cheonzme 6
(Po;wo), (Prwi), (Pajws), (Pajws) ef (Pywy).
Gt Lappliation omographiue h definic pan fo foremade (18)
d@/@)wyohwmmmeWWWW\temfawm&

@éé/(m rabionmelle quanttgue de 71@4/71& masaigues de contnsle (Qo; o), (Q1;w01),
(Q2;@2), (Q3;103) el (Q4; ) donmés dams b tableau 4.

y(t)=(1- t)4®(P0; wo) P4t (1 — t)2®(P1;w1)696t2 (1-— t)2®(P2 W) D4 (1 — ) PO (Ps; w3) Dt O (Py; wy)
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Il & & & I

@ & & &

S

e & & O

&M%W(m),wm :
(1—)" ® (Po;wo)
((c—a) (1—u)+(d—b) ) © (Po;wo)
(c—a)* (1—u)' © (Py;w)
(c—a)’ (d—1b) 4u(l —u)’ © (Po;wp)
(c—a)* (d=1b)* 6u* (1 — u)* © (Pp; wo)
(c—a)(d—"0)° 4u? (1 —u) ® (Py; wo)
(d=b)" u' © (Py;wp)
(c—a)* Bos (1) © (Po;wo)
(c—a)’ (d=1b) Bu(u) © (Po;wo)
(c—a)*(d=b)* Bus (1) ® (Po;wo)
(c—a)(d—0b) © (Fo; wo)

(d—b)" By (1) ® (Py;wo)

(4a(c—a)® (1—u)' +3a(c—a)® (d b)4u(1—u))®(P1 w;)
(b(c—a)® 4u(1—u)’*+2b(c—a)* (d—1b) 6u° (1 —u)") ® (Prwy)
(20 (c - a) 21— ) +a(d—b) ) © (Prswn)
(3(c—a) +4b(d—b)° u') © (P;w)

da(c — a)® Boy (1) © (Pryw)
(3a(c—a)* (d=b)+b(c—a)’) Bu(u)® (Pyw)
(2b(c—a)® (d=b) +2a(c—a) (d=1b)?) B (1) © (Pw)
(a(d—1b)*+3(c—a) b(d—1b)?*) ® (Pr;w)

4b(d = b)* Buy (u) © (Pr;wn)

612 (1 —1)° @ (Pa; wa)
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@

e & & &

@

e & & &

6(a (1—u)+bu)’((c—a) (1 —u)+ (d—b) u)’® (Pa;ws)

6(a(c—a) 1—u?+(ald—b)+blc—a)u(l—u)+b(d—b) u2)’ © (Prw)

(602 (c—a)® (1 =)'+ (a(d—b) +b(c—a))’6u (1 — 1) +6b% (d — b)* u') © (P wn)
3(a(c—a) (a(d—b)+b(c—a))du(l—u)’ © (Pyw)

2(a(c—a)b(d—1b) 6(1—u)u’) © (Pows)

3(a(d—"b)+b(c—a))b(d—Db) ® (Py; )

6a” (¢ — a)* Bos (u) © (Po; wp)

3(a(c—a) (a(d=b)+b(c—a))) Bu(u)© (Pyws)
((a(d=b)+b(c—a)*+2a(c—a)b(d—b)) Bu (1) © (Pyw)
3(a(d—0b)+b(c—a))b(d—b) © (Py; )

66* (d = b)° Bui (u) © (P wn)

463 (1 —t) ® (P35 ws)

d(a (I—u)+bu)?((c—a) (1—u)+(d—b) u)® (Ps;ws)

4(a* (1=w)’+3a®bu(l —w)’ +3ab?u? (1 —u) + b*u?) ((c—a) (1 —u)+ (d—1b) u) ® (Ps;ws)
(40* (c = a) (1 —u)' +3a® (c—a) bu (1 —u)’) © (Pyws)

(2a(c—a) B2 6u* (1 — 1) + 8 (c—a) ) © (Py;ws)

(a® (d—b) 4u (1 —u)’ +2a2b(d —b) 61 (1 —u)’ +3a.b? (d — ) +4b* (d = b) u') © (Ps;ws)
403 (¢ — a) Boy (1) © (Ps;ws)

(3a% (¢ — a) b+ a®(d — b)) By (1) ® (Ps;ws)

(2a (¢ — a) b* 424> b (d — b)) Boy (1) © (Ps; ws)

(b (c — a) + 3a b (d — b)) ® (Ps;ws)

46° (d = b) Bus (u) © (P3;ws)

t' © (Py;wa)

(a (1 —u)+bu)* © (Py;wy)

a* (1 —u)" © (Pywi)

aPbdu (1 —u)’ @ (Py;wy)

a2 6u” (1 — 1)’ © (Py;wy)
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@ ab® v’ (1 — 1) © (Pgwy)

@ bt O (Pywy)

il Au%&denegnowr\mﬂea Lervmes em (1 —w)*, 4u (1 —wu)®, 6u® (1 —u)? 4u* (1 —u) ek u?.

W@oﬁ‘l@@ﬂamw @RAWWWO el 1
f%{ffy wne counbe de @@4@1 de de?nén de W Wwwm?ueode conbrile (P wi))icom
avec wy >0 el wy > 0.
: 4 1 _ 4 1 Wi .
Gt p— Edc_\go@thde{&mw.
h: R — R
b 27)
v c(l—u)+bu
alsns yoh eal lo counle de @%«m de W madaiques de contnsle ((Qi; @) iefomy
anvec A
(Qo;wo)=<4i> Q(Po;wo)zi@(Po;wo)Z(Po;l) (23)
wWo wWo
Qi) = {| =l © (Pwn) = [ Py~ 29)
L) =\ A 1; 1;—;0 1’4w8w4
3) = 1|~ (Priss) = [ B2 30
(Q2; w2) = WOW4®( 2,w2);—;0 27\/m (30)
. _\L%T\L%T P.. _ | p. s 31
(Q3;03) = o w_i’Q( 3,w3)¢:—;0 3’m (31)
4
<Q4;w4)=<4i) © (Piws) = - © (Piws) = (Py 1) (32)

zwm%udmmmn&t%mmméamxa:ab:d:4£_¢c:4i.mabmwm

c—a= ) L b b—d=0.
Wy
|
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3 Cingmatique et chamgement de panamabre
quadnalique
341 @é@«m&tﬁé@imgﬁmdm\ew

MMMW%MWW@WmWMWM@M
%alﬂamde/r\mwdumeww\@e W&mtmmmﬂgedemsdx@mnde@o@@m
memmmma&mmWdem

W&W@WW:

o (1) = a(1—u)®+2bu (1 —u) + cu? (33)
? Cd(1 =)+ 2eu (1 —u) + fu?

ekﬂawun@ede@?)@ymde/r\mmhbmmmo[mdembwﬁe i) ietom 28k ramaflonmée en
Qaa@un@ede@%e%mde/r@mmmru@dem@&e e[oz]]mmmwmp’%

mmmaﬂamn@ewm%mmdeﬂaww&@@%w &@t

s fukiious: de ommencer . ive un. hangorent de pavamsine hmegraphie

3.9 QM@WQ

W Cheorome 7 Bhangement de panambne quadnalique poun le degné 2
fMWW&@@%WV@WﬁWW(PMWO)/
(Pr;wi) el (Paws), de Wﬁa conigue C.
Goil hy deffimie pan Lo formule (33), alons yoh, eat la counlle de Bergien quantique
de W de Wﬁ*j@ WWW (Qo;wo), (Ql;w1)/ (Q2;w2)/ (Q3;W3) el (Q4;w4) de
suppont la conigue ¢ sont donmes dams le kableau 5.
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(@iw0) = (d—a)© (Prw) ©2a (d—a)© (i) © a2 © (o)
Qum) = (b—e) (a—d) O (Powo) ®(ae+bd—2ab)©® (Pr;w)
ab® (Py;wo)
o 2 _ 2 _
(Q2;w2) = SRR 4§b+2b Cd+fd@<Po;wO)
o 46()—4()2—23ac+af+cd®<P1;wl) (34)
o acg2b2®(P2;w2)
@ims) = (F—0) (e—b)® (Pywo) & (~2bet b +ce)© (Prin)
@ cb® (Po;ws)
(Quima) = (c—f) O (Powo) ®2¢ (f — ) © (Pryw1) @ © (Pa;wy)

%M5_€Wmagwmwwwﬂewz

Demenabrabion : mous avens -

1—hiu) = (d—a)(l—u)2+2(e—b)u(1_u)+(f_c)u2 )
d(l_u)2+26u(1—u)+fu2

ot -
V() = (1=1)"® (Poswo) @2t (L= 1) O (P;w1) & 12 O (Poiws)
&m adaptamt la nemangue 4, mous avons -
(1—)*® (Po; wo)
= (A=) 1 —w+2(e—b)ul—u)+(f —)u2) © (Powo)
= (d—a)" (1 -u)" O (Py;w)
@ 2(e—b)(d—a) 2u(l—u)’ O (Pyw)
® (4e—b)’+2(d-a)(f—0)) (1 u) O (Pyw)
& 4d(e—b)(f—c)u(l—u)©(Powo)
& (f—o)' v o (Pyw)

(d—a)® (1—u)" ® (Po;wo)

® (e—0b)(d—a) 4u(l —u)’ ® (Py;wp)
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2(e—b)2+(d—a)(f—c)
3

® (e—b)(f—c)4u’(1—u)® (Py;wp)

6u” (1 —u)” ® (Py;wp)

& (f-0o' v (Pywo)

2t (1 —t) © (Pr;wy)
= 2(a(—w’+2bu(l—u)+cu?) ((d—a) (1 —u)®+2(c—bu(l—u)+(f - c)u?) © (P;w)
= 2a(d—a) (1—u)"®(P;w)

® (a(e—b)+b(d—a)) du(l—u)’ © (P;w)

o U= C)gc(d ~9 621w o (Fr;w1)

& (b(f—c)+cle=b) v’ (1 —u) O (P;w)

© c(f—c)u ©(Pw)

2o (Pa;wo)
= (a(l—w? +2bu(l—w) +cu?)’ © (Pyws)
= a®(1—u)' O (Pyw)
@ abdu (1l —u)’ © (Poyws)

202 5 2
+ac Gu” (1 —u)” © (P we)

@ bedud (1 —u) ® (Poywo)

® u'e (Po;wa)

UQM%&AEWQ@ Lervmes em (1 —w)*, 4u (1 —u)® , 6u>(1 —u)?®, 4u® (1 — u)ek ut.

33 (emdudeghé?)
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?MWW&@%WMMWQWQM&W(PO;WO),
(Piywy), (Py;ws) el (Ps;ws), de Awmffa ouﬂtgue C.
Soit hy defimic pan la formule (33) alors yohy est ba counbe de Bezion de

degné 6 de points de conbrsle massigues (Qui @), (Qui@1), (Qn @), (Qsiws), (Qus 1),
(Qs:5) el (Qoiw6) de auppont la counbe ¢ sont dommes dams les tableaun 6 ol 7 .

(Quiwo) = (d—a)°© (Poywo) ®3a(d—a)” © (Pwn) 6)
e 3a? (d—a) ® (Pyws) ®a®® (Ps;ws)
(Quw1) = (a—d)* (e —b) © (Po;wo)
@& (a—d)(Bba—bd—2ae)® (P;w;) 37
@ a2bd+ae—3ba)® (Py;ws)
EB asz(Pg;W3)
2
(Qa;m2) = (d—a)4<6_b> +<§_Q) <f_c>@(P0§Wo)
(a—d)(3ca—cd—2af)+4>x<(b—e)(3ab—ae—2bd)@(P.w)
5 15 W1
(38)
o a(20d+af—3ca)+54b(2ae+bd—3ab)@(PQ;WZ)
® éa (ac+ 4b2) © (Ps;ws)
2
(Qs;w3) = (e—b)2<€_b> +3éc_f) <a_d)®(P0%wo)
@ g((f—c)(aeerd—Qab)+(b—e)(ac—cd+2b(b—e)))@(Pl;wl)
(39)
@ §(2b2 (e—b)+abf+ace+bcd—3abc)@(Pg;wg)
@ g (2b2 + 3ac) © (Ps; ws3)

%M6-€W&WMWW&W3'WWW~—
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4b—e)*+(f—¢) (d—a)

(Quiwg) = (f—o) 5 ® (Po; wo)
o 4(b—e) (3cb—ce—2bf);r(c—f) (Bac—af—2cd) & (Priwn) o
o 4b(206+bf—306);0(2af+cd—3ac)®<P2;w2)
D g (462 + ca) © (Ps;ws)
(Qs;w5) = (f =)’ (e —0) © (Py;wo)
© (c—f)Bbc=bf—2ce)® (P;w1) @1
@ c(2bf+ce—3bc)® (Pyws)
EB Csz(Pg;wg)
(Qeims) = (f =) © (Po;wo)
3e(f =)’ O (Pyw) “2)

©®
@ 3 (f—c)O(Py;wo)
D & © (Ps;ws)

C&ML@MWAEWWWWQ@WaMW_

1

(Bux ()" = B (1) Boa (£) Bz (” = 325 (0
(Bus ()" = - B (1) Box 1) Bua (1" =

(Bas ()" = Bus (1 Bia (8 Boa () = 1 Bus (1)
Boa (0 Bua (1) = s (1) Bua () B (7 = 356 (1)
Bz (1} B (1) = Bz (1) Bua (1) Ban () = 1 s (1)

simai que o relabion de o formle (35) -

(d—a)(1—u)’+2(—bu(l—u)+(f —c)u

1 —h(u) = d (1 —u)’ +2eu (1 —u) + fu?
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e & & & & & & & b I

@

S

F(t)= (1=t O (Py;wo) ®3t(1—1) ® (Pi;w1) @3 (1 — 1) 120 (Po;wa) @ 2 © (Ps; ws)

Rappeons -

(a+b+c)® =d®+ 0>+ & + 3a% + 3ac + 3ab® + 6abe + 3ac? 4 3b%c + 3bc?

6 (e =) (c— f) (a—d) Boz (u) Bia (u) Baa (u) © (Fo; wo)

3(e —b)* (d — a) Bos (u) Bia (v)* ® (Py; wo)
(d—a)* Bos (1) © (Po; wo)

(¢ = 6" 2 B (u) © (Pos )

(f = )" Bos (u) © (Po; wo)

(a—d)* (e =) Big (1) © (Po;wo)

(d—a)* (f—¢) = © (Po; wo)

(e=b)*(d~a) © (Po; wo)

— O Gt =

(b—e) (f =0 = Bis (1) © (Fo; wo)
47 = (4= @) 3B1s () @ (o)
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e & & & & S & & b I

S

S

(f =) (e = b) Bss (u) © (Po; wo)

(e =) (e~ ) (a = d) 3By (u) © (Pys )

(d — a)® Bos (1) ® (Po; wo)

(a—d)? (e = b) B (1) ® (Po;wo)

de—b)*+(d—a) (f—c)
5
2(e—b)>+3(c—f) (a—d)

(d—a)

© (FPo;wo)

(e —b)

Bis (1) © (Po; wo)

(f— o) (b—e) +4(§—c) (d—a)

(f =) (e = b) Bss (u) © (Po; wo)

(f — )’ Bos (1) @ (Po;wo)

Bug (1) © (Po; wo)

3t(1—1) O (Pr;w)

3 (aBoy (1) 4 bBys (u) + ¢Bas (1)) ((d — a) Bog (1) + (e — b) Ba (u) + (f — ¢) By (u))? © (Py; wy)
3a(d—a)’ By (u)’ ® (Pr;wn)

3b(e —b)? Bis (u)* © (Pr:wy)

3c(f—c) Ba(u)* O (Pr;w)

3(a—d)(3ba—bd—2ae) By (1)’ Bis (1) ® (Py;wy)

3(a—d)(3ca—cd—2af) By (u)* By (u) ® (Pr;wi)

3(b—e)(3cb—ce—2bf) By (u)® Ba(u)® (Pr;w)

3(c—f)Bac—af—2cd) By (u) Ba (u)?® (Pr;w)

3(c—f)Bbe—bf—2ce) By (u) By (u)* ® (Py;wy)
6(3abc—2abf—2ace+afe—2bcd+bfd+ced) By (u) By (u) By (u) @ (Pr;wy)
—3(e—b)(3ab—ae—2bd) By (u) By (u)* ® (Py;wy)

3a(d—a)* Bu (1) ® (Pr;wn)

ble— b 2 B (1) © (Pwn)

3¢(f —¢)® By (u) © (Pr;wr)

(a—d)(3ba—bd—2ae) By (1) ® (Py;w)

(a—d)(Bca—cd—2af) ©® (Pr;wy)
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e & & & b & & & b I

@

(b—e)(Beb—ce—2bf) §B46 (1) ® (Pr;1)

(e~ f)(Bac—af —2¢d) Bis () © (Priwn)

(c—=f)Bbc—=bf—2ce) Bss (u) © (Pr;w1)
(Babe—2abf—2ace+afe—2bed+bfd+ced) gggﬁ (1) © (Prson)
(b—e) (Bab—ae—2bd) o (Priwn)

3a(d—a)® By (1) ® (Py;wy)

(a—d)(Bba—bd—2ae) Bis(u)® (Pr;wr)
(a—d)(Bca—cd—2af)+4(b—e)(3ab—ae—2bd)

: © (Pr;w1)
g((f—c) (ae+bd—2ab)+(b—e)(ac—cd+2b (b—e))) By (u) ® (Pr;w)
4b—e)@Bcbmce=2bf)+(e=f)Bac=af=2¢d) o o (P

5
(c—=f)Bbe—bf—2ce) Bsg (u) © (Prywi)

3¢(f —c¢)? Bes (u) © (Prw)

3t2(1 —t) © (Paywy)

3 (aBoz (1) + bBis (1) + ¢Bay (u))? ((d — @) By (1) + (e — b) By (u) + (f — ¢) Ba (1)) ® (Pa; wy)
3a” (d—a) Bz (u)* ® (Pa;wn)

307 (¢ = b) Bia (u)” © (Poiws)

3¢ (f —¢) Baa ()’ © (Poiws)

3a(2bd+ae—3ba) By (u)’ By (u) ® (Pa;ws)
3a(2cd+af—3ca) Bo (1) By (u) ® (Py;w,)

3b(2ce+bf —3cb) Biy(u)? By (u) ® (Py;w,)
3¢(2af+4cd—3ac) By (1) By (1)’ ® (P ws)
3¢(2bf+ce—3bc¢) By (1) Ba (u)* © (Py;ws)
6(abf+ace+bed—3abe) By (u) By (1) By (u) ® (Py;ws)
3b(2ae+bd—3ab) By (u) Bys (u)® ® (Py;wy)

3a’® (d—a) B (1) © (Py;we)

6
b2 (6 — b) ngﬁ (U) ® (PQ, LLJQ)
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e & & & b &

3¢ (f — ) Buy (u) © (Pyn)
a(2bd+ae—3ba) Bis(u) ® (Pa;ws)
a(2cd+af—3ca) © (Py;wo)
b(2ce+bf—3cb) §B46 (1) © (Pys )
caf+cd—3ac) %346 (1) ® (Po; we)
c(2bf+ce—3bc) Bss (u) © (Py;ws)
(abf+ace+becd—3abc) 2336 (u) © (P2 wa)
b(2ae+bd—3ab) © (Po;wo)

3a* (d —a) By (1) © (Pa; ws)

a(2bd+ae—3ba) Bis (1) ® (Po;we)

a(2cd+af—3ca)+4b(2ae+bd—3ab)
3

%(2()2 (e—b)+abf—|—ace+bcd—3abc) Bsg (1) © (Py;ws)

4b(2ce+bf—3cb)+c(2af+cd—3ac)
D

c(2bf+ce—3bc) By (u) © (Py;ws)

© (Pz;wz)

By (1) ® (Py;w2)

3¢ (f —¢) Bss (u) ® (Po;ws)

t* © (Ps; ws)

(a (1= u)® +2bu (1 - w) + cu?)” © (Pisws)
a® By (u)* © (P3; w3)

b® Bis (1)’ © (P3;w3)

& By (1)® ® (Ps; ws)

3a%b Byz (u)* Biz (u) © (Ps;ws)

3a% ¢ By (u)* Bas (u) © (Ps;ws)

30 ¢ By (u)® Baa (u) © (Ps; ws)

3¢2a Byy (u) Bay (u)* ® (Ps; ws)

3C2 bBH (u) BQQ (U)2 ® (Pg, W3)

33



@ 6c¢baBy(u) Bia(u) Bag (u) ® (Ps;ws)
®  3b2a By (u) By (u)’ ® (Ps;ws)
= a® By (u) ® (Ps;ws)

o b %Bgﬁ (u) ® (Ps; ws)

© ¢ By (u) © (Ps;ws)

O a*b B (u) © (Ps;ws)

® d’c © (Ps;w;3)

® 4V 5B (1) © (Pyws)

® oz Bis(n) O (Pyws)

@ b Bss (u) © (Ps;ws)

® cbha gB% (u) ® (P3;ws3)

© ba © (Ps;ws)

= a3 By (u) ® (Ps;ws)

O a*b B (u) © (Ps;ws)

oy %a (ac+4b2) © (Ps;ws)
e %b (b2 + ac) Bss (u) ® (Ps;ws)
b g (4()2 + ca) Bys (u) ® (Ps;ws)
@ b Bss (u) © (Ps;ws)

@ ¢ B (u) © (Ps;ws)

34 (ea,bdudegf\éél
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@ Cheoreme 9 - Bhamgement de panamebne quadnalique poun le degné 4
?MWMQ@WWVQW@W@&W%W
(Piw), (Pyiws), (Prws) el (Pywi), de suppont la quantigue c.

Soitt by defimie pan Lo forvmule (33) alons yohy est la counbe de Borien de
degné 8 de points de conbrsle massigues (Qui @), (Qu; @), (Q2 @), (Qsws), (Qus 1),
(Qs; ws), (Qs;we), (Qr;wr) el (Qs;ws) de AU/[%‘MLL&‘ counbe ¢ avec :

(Qo;mo) = (d—a)* © (Po;wo) ® 4a (d — @)’ © (Py;w1) @)
@ 6a%(d—a)’ @ (Pows) ®4da® (d—a) © (Py;ws) @ a* © (Py;wa)
(Qum) = (d—a)’ (e = b) © (Po;wo)
® (d—a)’ (b (d—a)+3a(e—0b)O (P;w)
® 3a(d—a)(b(d—a)+a(e—0) O (Pyw) (44)
®  a>(3b(d—a)+a(e—b) O (Pyws)
® a®b® (Py;wy)
@) = (@—ap UZDEZDTOCN g gy,
- (d_a)(d—a)(lQb(e—b)—3a(c—7f)—c(a—d))+12a(e—b)2@(PI;WI)
. 3((d—a)(ca(d—2a)+f?2)+12ab(ab—ae—bd))@(P2;w2)
. 3(2ae(ae—|—26d)7—|—2bd(2ae+bd))@(Pz;wz)
. a(12b(db+ae—2ab)—7a(30(a—d)+a(c—f)))Q(P?’;wg)
& PAear§) 6 (B
(45)
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(Q3; @3)

(Qu; ) =
S7)

D

3(f—c) (d—a)+4(e—b)°

- (e —b) (d—a) - © (Po; wo)

o 3= (c—bc+(d=—a)y (7f—c)b+4(d_a) =50 5 (B
. 23(d—a)(e—b)(f7—c)a+2(e—b)3a®(P1;wl)

. 3(d—a)zbc+2(d—a)(e—7b)ac+4(d—a)(e_b)bZQ(p2;w2)
. 32(d—a)(f—C)abJrG(e;b)zabJr(e—b)(f—C)GZQ(Pz;m)
. 6(d—a)abc+4(d;a)b3+3(e—b)azc®(P3;w3)

. 34(6—6)ab27—i—(f—c)a2b®(P3;w3)

. ab3ca;t4b2®(P4;w4)

(46)
3(d—a)2(f—c)2+24(d—3a; (f—c)(e—b)2+8(e—b)4®(Po;wO)
23c(f—c)(d—a)2+12c(d—3a;(e—b)2+3<f—c)2(d—a)QQ(Pl;wl)
224(f—c)(d—a)(e—b)b+123éf—c)a(e—b)2+16(e—b)?’b@(Pl;wl)
3@ _3‘;)2 < 0 (Prwn)
12(d—a>c(f—c)a+4<d—a>3c5b(e—b)+2<d—a)(f—c)bQQ(PZ;WZ)
24ca(e_b)2+(f—c)2a2+2(3]‘5—c)ab(e—b)—l—262(e—b)2®(P2;w2)
6(d—a)c2a+4(d—3§)cbz+ca2(f—c)Q(Pg;%)
860ab(e—b)+3ab;5(f—c)+4b3 (e—b) & (Psiws)
302a2+2é§ab2+8b4®(f)4;w4)
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(F=9(e=b(Bd-a)(f-)+4(-0))

(Qs;w5) = = © (Fo; wo)
o 93(d=d) (b (f—c)c+3§d—a) (f—c)2b+2(e—b)3c®(P1;wl)
- g4 (e—b) (f—c)b;(e—b) (f‘c)2“@(p1;w1)
- 3(d—a)c((e—b)c+2(f—7c)b)+2(e—b)c(f—6)GQ(PZ;WQ)
. 34(6—6)2cb—|—4(e—b)7(f—c) B (=g be o p
. 3(d—a)c2b+30(e—b)(ca+4762)—|—ﬁcba(f—C)+4b3 (f‘c)@(pg;w?,)
. cb(3a$+4b2)®(P4;w4)
(48)
Qo oe) (f =< ((d—a) (;;—c>+6<e—b>2)® o
- 3(f_c)(f—c>2a+(f—c) ((d—a>7c+4(e—b>b>+4c(e—b>2®(P1;w
- 3(f—c)2 (ca+2b2)+(f—c)c((d7—a)c+8b(e—b))+202 (e—b)2®(P2; N
. ¢((d - a) cZ—i—(f—c)(307a+12b2)+12cb(e—b))@(Pg;wg)
® MQ(H;M)
(49)
(Qr;7) = (f =) (e —b) © (Po;wo)
(f—0)’@B (e=b)c+(f —c) b)© (Pr;w)
3(f—c)c(le=b) c+(f—c)b) O (Pyw) (50)

AbO (Py;wy)
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(f = ) © (Po;wo)

4 (f =)’ co(P;w)

(Qs; ws)

6 (f — )’ © (P ws) (51)

4¢ (f —c) ® (P3;ws)

e & & &

* © (Py; wa)
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