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LE  PLNN HYPERI 'OL IQUE A  P IED ,

Puis  UN DO/VD DâNS L, .SPACE

AnJrf csnrzo

D

)v)

A) le p/u,, ,L lal"cù"rk; (7.2)

â ) lbn - con ,$'ry,, 1 t'e' (p 9 )

Lts ttoeÈ trs co,+;FoAnes
A) L')iz,trylà"., ef /e Jt2.'. J< fd.,o"i (7.,tr)

â) le Jeli;-p/o Je Pd.(ar.' (f .t1)
O L'lçperZo)oîJ. re/a t/, v'y t (/.o)

GÈon Ë rn )e H YPrn û c z ) ?ua
4) Ce76'l.t et nti./,à/r;a15 6r-',171
B) Le 7re<.,Ve c/et irone'}ier (p.2o)

c) C/a rç;/za/;?n "/rr boae'ln'.r (V.22)

D) tq,\ceoax d. geb JelTaet (p.25)

E) 4.'"k/à d.' m;t'o;r (/'2î)

7R i G onton e'tt i E H /PEn B o Ù Q uE<7 \

A) /-es lrc;s re/aLons hacLnenl-/.: (p.3t)

/3) les ang/es et /ta)re Jer 7o/pczet 
(V.33)

c) 
Çu./gu"t Tueshbtt tnTtu.Lnles (p. x8)

g) UN Bo,vp Ol1Ns L'€sp,4cE

A) /-'eçFoc.- J. l.o/o"À.rskr tp t.t)
8) le pa;a/ /. vue Je /!6lius (V.4,t)
c) le coys c/es Tuafern,'oa s (p.4 )

D) lsone'fri.s J. /tet7o'e (7'4r)

T) LN DRO;78 ELNSTiQUE

A) Dislonc. et faîî.,e (2age't)

1i) $,:anpV orh (7. t)
c) l rcnie'lies (p î)

LE PLA,V DE LO/3ô CHE Y SK ' ., /70 'E IE DE KLE/,1]

jt)



la géan,"/r;. nc, -eu.l'r,/ieatte Je lo.l", r,\evçà;

(1/anrl/r;e, ,177erl"l'V"e ) cr/ u'1 t"tcu^ stTef c/<si..'e,

ppu sêL,yenr ettteigne' . lo /''ltirtl"re esl )')n)'te)t!e. )^a;s
'4114'1 

en4c ,, et Jon c/Lccàr .f d'or|o.J >no/eiris .

f/ e bg;t ici ./bt, tex /à c'/ / thih.th'cn , /-.,/; à /;t.,

r>tais V,',) ne /oi/ 7u'e//,/",.tr.. /e r2<t

Le /i vre récenl Ju We.r., fèr")./, 
"E/.a'e,,,tor7

Geon,.tr/ ;a H77er/o/;. -(7n"' 
" (J" 6ru7Æ,', Berl; -/gf7),

sç7 4n')entrret/ jea L,cau/D 
7/"c 

cotrT/.t', e,r, 
lpe.h cr.',/, er e,

L/";1o,t1./>1éh')". . t/a|s ro,,, /Da)à,/ 
Je vue ,/rù o/2 eZr'r y.,e ( tô..2,

Se rctztène à /"t co /r'u/t d 2/2 r-r!r" /,'t,{a )rc ) /ai<r. Ttru J.

p/o c. à / 'ra 
/u; hbn .

()a 6, e'luà. o tr"= 2ousrJu d"t greuV "t /t'c)çie,,c esl /e

Su1'e/ prinrVo/ /u /,'vr. tJ'A,/qz E rt "o'Jon "'4. 6.o.,,,i

ol D,içr,.|" G,,eu7s 
" ( îVrn3.", '/1'fl) . .l"nucou7 7/,,s i.,tate

7u" /. V'éa.'Je,t
L/arh.'k c/. Jo).', //,,/n7. " 

HyVe)ol'. 6eca,"lr), z t,/<
frnl Jfo )/ea/ç erl an /"7 ry,td1 .îuryo/ ,l;rlorrlu. J.
/t, f)ebr/. ,7.tt s< e/â/ ru, )"-, /.'v./py7emc,,,/r ,re?e,rlt et Je3

p*"//.h et 472yer/s ) tut'v/i d'oz. /orytt,. /;t,à Je re\{re.,, c.-s

)/rlet;7.,.s (i3,,,//.h',' o,/ r)e â/1s , € (./gfz) . f .e-24).

Pn. c. /ex h e/.'nt"n/a)re- , / /ct rtleur eyàre ,/a)r e

fart<Xer 1a jaie /. /a *.ouyayft /'<tne f)ebri" nrah|l-

n,a/r7u" c/ozl /a l"o.'/é //it,eul, /q r,'.1.çr" /" rorr\

/a Vro4tn /erl" / / /^p.. ,î)'oàr, < , e/ /c /pê.rr'ê/i .J. J scr2,Lbz

d€ / /.2r;ve.s /e c/ëconc.r/e.
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tln DRoiTE ÈLÊtrieuE

â) 2/s.,4ilcr ET FnriôuE

ConsiJ{re" 7r," 
/n é/t'll!/'c',ce et /re. -/êÔ4 .} 4êê2 art /a z,êtr<

/r''el,h, -./ "t 2 ct/ ez vi,rt /.' asrez c/rctt'qn f ,t ,h y't t',4 t ez',e,,t' /o y'ren;e',q
'/evn;/ 

e'/re eàv/mn mî//. /dt 
7l'' 7el,/e- (tor,,/ri 7,-, < ce//. en/r< oe/4.

rera,'/- hÊù.)
y'/arc)., i,'rr, /Ucr;ton fu/igae, e/ c/esl V2"r7"ù '/ tzcctTarzîf 'rllu i

s) /.'retv lrir,enf /")n à /'h i.;. çtft /a blt"e ert e2' f'?)/tê'/5b4 Je /<

J,'r/urt! c/e'ia pcrtccr'r,',<; at'henten/ c/;t 7'Laa/ z'4 e /oeble e/7a' nt''s

Taralt /" 2n2r""" ./2. , t Ln 
7.'' ra /czyc' ett" " re'e//e " "'i 

{ , er 'të

l,: tu/ une'VL*[' Jitor.e- Part'ae)4.'c. n'er/ 7c'e /" /ty,o.rÂ^. J" .-

7-,/c//. zac,r a Varu.
S; n,A sont Jeux Vo}a/r |'ct's)at sor

) orîzon s P ef Q //on, //orJ". P 4 B, Q

tzt. Jrz ifr ,/'>';f.a /o. Ju

) , ot Trrtt éro/ur- lo Jiloac "

ea,.l. ,4 et B êà ca/r?a/-aA I,
/e.,n J, r/o,,cet à /2.,'.oa,

,SB  =  AQ-BQ ,  a . ,7a -  o , ,e
p  n a  p
, A  t  )  " ,

lo/',/n.//< P/L { f y/^e /nbue :. / /

Ha is si /'on
/7 e n/i211.71ç, 

Vo7
c'leri rn /ra ,

= 4 /oq 4Q 'aP^  r E p B d
ê

l|a,tt=1r'e (iuiâ
oà (,a,8,erp) -- 4! - 91 "st /e J,':a,,1,,or./ /et 7.,a,/>eVc;n/; /,tnt
cer orry'"e e,, ' :1",:7.,2 ",r"7Ç12,,.4), 7l,z'z,etz're /,x
./is ta,,1, c/. ,H .i fi 

"2,.,,/by/'ca 
hrez,ea/ i c btt.à-à,^e Va. /e raTTxrt

/:t 
,7y"rn 

/an1 fesT''e/s' ,rl el I J'n'reat /.. a/".,-/- JL,n ,lcn/..on

a / ? ,.,/>e

Cb--e "2, /;.or?oo"t est iz rana.,r / pa.- fraa r/a)aa <tVo.,)csr,a-

/À "'/r'- i êr1 /oeul oÊ/e.ftr- aux .4o,nizo>rs /nt coorJzn âr -,/ <t'4, et
ô ,

d z /eç/ <ut\e 7,.,e /a. J's,taace euc./,zlezz<-

n B = l G t Q - a P * B P - , i P )
frca,l.,coz'y te- 6/. /'eflet /agaif)t '7,,. qa / oa rz'ea / d/e

/us g,ru.nc/et" J'r,ton..", L /ri/ont. - yraie" en/re ,,1etÛ

ô(n,r) ) = i (lry,1e - t7 De r /g Bp- /-a n/, )

Sail t

con sT.tler u/otr 7,.t.
J. f? r". J-z,.tf /d. /lon.,.'or,o2a.l)rn <
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pèer- />4J et  q=Ttrx '>-tÀy=zt,o, ,  o,

3 (u,v).' L /"t (a.t, u,'t,-zt) = i /"î (+X - #)
= X lo,t (#, ffi I - /ry (.-27 .'*) = --y

c.'frent.nlJ,f â(u, u) = /)rg Itru - 4.9 7,i u ,

/2/c ç qJn.'rJet,,e,t, A 2| /.r.". ,1 ypr"'!"/,V".' J e',/.. Je"x Va;'lr t1e) I

scr L,rc ./7;7a- d'Àcî.zots Pet Q est traa 
Varfe( 

J' /o "'/ '5/an4' et'c/"-

/,'etue de /Â Vo^ / ''loz' lczt ar/'(''ç"' e' c/'

5; q e J-'t,ÀL f,dr 
2^en/û/è e/' 4 >c e;t Velif ' 

ca a ea Vztrll-l 'cr

rtu,,,il.) = o t"r(# ##) =/t"e (Æ ),-.,+,
On r./r..','. ./on. /r, J's/nne. euc,/,21'ez-e j:'^ rois)zzy< )tt êù":"e'tt

Vrl'/ /, /lcngia. , ,,": 
h fte)ran,èn. J.." t9/'i". " 

Tctcat/ oa s" s'27,a-..1.

c//t,n A"rîron. /, )%),ent /, /"nXu""r " ./yVr"J"lV",z zz<-' 7.,.,,/ 4 eJ-,.t,.tf

er /  /u .  . . r .  àu  
.qu .on /  a  - - - r ! ,  .

4-uz 2 (4-/u/)'

€-P

-'Aor7, 
en /zo2 e'.

I  e * Q

e'lt ez

ù Birq,nfponrs

,îrorr J. Vau.srr'r'r- 
//e'luc/' J' /a /'slq"ct 'l7V et)"/''7 '''' "/ 'oa 't'cnl'

d. ro/r/. /". /., J; vert." zabàzs ck l''z'2o7a zt 21,,' 
lrc.rr ç22pn/ u/,,/e5 ,

- l" I) rol.wcrl d" 7to,l. Va)alr ,l,Via./' n/8.e,D Jbn. Jn,à VmJ eJ,,u.<_

es)- /e.'. ''raV7ort' t/e tz'77rtor/-r J, Jr/unt.,r' /.'/,n; Jetu: /c. s /.-t ch>^ e-
n/Ar,. J. ccl,y /{2,. ztatr e /'c',r c,lt,7u)e'>,, e 27e;af <z r./tiz?o,tr. c/< /o 4r.v,/a

va'  /z '  / t '> ' ' / " '  
ac,B,c,b) = E .  a;\ ' " ' - " ' " ' - . 4 i ' t z

Co--. (nrt,c,oS *- fu,,+, c,D)-'1 = (n,a,D,c)-'= ./- (4,c,8,D), ,/n. p,en,/
2a"Ve.tn"'/.zhoat yue 6 ya /etcr,7ul sa..t./ /et zt.tr)r." /r?rQ).errh J. O e't4 .
Ez Va"l c".'/a. (*, B, c, D) = g es/ /e rtyToor/ .l:r^ r /"ycu/" 6
c,/;r,7" 7" \zrten/ 

CD 1 Bë

l.t 4ZlVtyl::: c/. /n a/n;h VmTe<:hï'e roa,l /a..2;1{,nsa7 /et l) rao-.,

7.i t'cnrc"re,'/ /" /)roTVor/. S; D et/ /e Vo,-/ t co",,Jon,,â .lrr,c _

îèn, - clou, /" r7oè.c ln,A,4 .J. /o .jtn'h,oa o-

( â , , 8 , c , D )  =  ( ' . o , a , , t , x )  - - z _

et /e llrt?o"./ /. 7t.afie 2c)a/r J}lrh "1, d. cc./on.,i., o,/.c,/
ç ' e ? t t / :  ( n , l , r , / ) =  

=  # .
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-  Fn ncr. / , i . , / rer,  oa / ,1 q"" /et  7"alre Vùnt ' r  
/arz 'eaf 4vt  Jt"" '

l)"^',"r"".* 5;' /et J''l^ 7r"^;'"' V,i"* /e reSncat '/'s 'le'^ o"'b'n
---"---r- 

t", ç/eet-à_</tV- 49 = _ 4S- , ou êttccr< (â/B,C,O) =_4dan t /. mênc .rYtD/1ê./ 
,4d /i,l

f/ est cl,)" 
7,'" lA,Ol r/bne 7ar/ , .f c,Dl 4|uS"Vo./,,_J'o.'a"/i(; Jr tê/-,

t7ne7n7t, es , /c nêne 2," /r" 7e ù'<'' /n,Bl tL /c,ol . De Vl: c e/tc. z c-)c'r

,/.'n!no/;se /t noh'o*t c/a rî 
7',et ,/" )to7ern.,

(o.'r, I,c,/)=-n * b = 9F (n,c7enn. àn'/An,,.ôy"i)

( o , b , c , c l ) = - n  :  
î =  i "  î  

( n o 7 e t , r e ' ) a r n , . a , V , " )

(o,-o,c,"l ) =-'l e ctz = cJ ( )ta/ervte "2",cnitr,7"",,)

- /.. li"-VVert .,/" 7..'.;/r. Jlo)/è.t ce,ncc.,t tnte' </ 2,n V/o^ Troye</,1 Veur
fe.ck'É>:,^ Vc'. /. olr.' (ce scnr 7",atze Vc,>tt .,/,g24 o/,t,, t
^ 

fr.:.,,VroJecb,A /-"/), 
z,a;s .,'/ t" /,1 o.,r, s c,z- tz,za,ve."ft

/" ë//..7"'r. 
lnrf -r" Vasra./72,a 7a,./c 2..4/ r.n,n,.i,,,

(  D - , D " .  P t . D . , )  = ( 4 , i . , / î 2 . 4 o )  '  
, *

'r, ,z I/ en .ct c/e ,têrte 
fb o/- k b^7yo^r

dc /-a/rc /1.t ,s' d 2o, erra.e /D'a/:e</,7 /'./. i^rn -
ç,'"r, J ) Ca^ ta.,z.a,,lr lLr t.t è 4ro;/- ,

(4, P", pu, p. ) = (4,,i., ne, 4< )

- 7â.i o.,r, Jo"t A 7/a" 7,t:1'.. rt f , /"^ 
./;".7 

o.f d. f ",o/>. V">/, Jioe
cc>tr,yce 

/nfr" 
r, /.',1n,f 

)a/ /_eag;Z|s î 2o.,4; Je
"_,r/;"rr; 

Z:e/ 
<,.tzlc 

Vù>/. 
,/, /., tcziyc<. tt / z lnV",/;

7û//< z/,2)f- z'7 
7<,rroalVart

(4,nr."4a, 4r)  = (2. ,  02-,  D? ,  0ç )  = (a. , ,82, 83,0o )
4 2z ') 

ûulet cel ào)1ê41 A l,^2Vorlr- Jazl ittr,<zrtàttrtt Var
Acnrolr7r/)es (./o ,/. J,r;A, /"),/.n, /. / Lwo7., /r/<'c-,2u, )

- Le //eru re'./ 99. t|a/;"" pe-,/ te. cenrV/<.ter J. t., ,4g"n,,
' ez /. 7/.a2uo^l .Jo-nt ,,t:n_ 

ronV/. â-V.a7'e./ F (n,Jl),c" 
7..),,A -Æ rne JniÊ .i //,h64,

.sa /'Henl'/o,,t "/,lo"J à ua. JnÈ-a/43=_:7-4* (V../.
.Àrr\ ./ L'rc ./otr, J. f",ro o"HonJ7., a/,'rcc/ù ; 7,-anr/ohà z s

7re: 
) 
,, 77'r en 

V,!aS<<ta/ ce//e- ci ./ctnt Jo c.nyh)ô( ?..J.è./,i<
(Cc 2/r/e^< ), ce 7"., ,t t ryZ.,È a> rea/ V<ùr/à //,n6-,, .tc.,/e, c<

j" ,!.r^ 
..,/'7. 

e",,iu,o ,/l/e,l2ie o/c." à /._'.ZA::U&::,",1,_
C ' A u.l-J , ei /" l,ry7or,r "l y.,-,1.- 7.,nt, ./,.rn)77.-f
e;/ o/cr; ,nl; ./. 7'alte Tczn/r dLa. Jrz> t Ttzr'echr< (catytle<,) t

(t,/,nî) = 1-4I 7,, 'errc'a ncn,l,e cc,,7/e,<e JrA.cfJ, o.t-,rt d,rt 
./rT

C'or,^. sc.a ar2.,,t,eat .rt /o .l;/A't,ç. "/L,g/." (È,fr)- rtr,ù1,
/e l,>alrtorh (tl,f,A) "
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@) 
,/n" /" // '"o""-'e /'on7/u îns'e)tft -

/-"- /;r^Vpç,rr J" 7,,.' 
h' t/Jz' tn È J. ô 7t 

c/e nc th /an'aa ' /*t r /"L

À o r,o gro2,l,.r' 
'r,/. 

,.hr- 2/,.;a 7',1."'lre ct'n n/ez:e , c/"t/'à-/'t' 'tu te'" /'t

Ln,,i,âL,rot"n, ./. /n É.n,.- 2t- a=!é. , arcc a,J,c./e C, aJ-|" lo

Par ccz,be 1"" à^ tJ c,,,atr1ra/; e" 
" 

, ,.^;:rit " cle ce//-r-ci ê..,.c z t---+ z a'

IttA a.'i< t-^//e.ê cn /r)lt,- /ù/r/1c -/- à c,t-e J,zi/z (r.'r'/te), e..,r/c,q..ea/ /e t!,f^ry,r.l

,/", Jr..^ èz/ Jenc /^'7yr,!n'/. .c'tfè/.,e/- fa n2/,,/r:, .Zîi-/,n /, cac/c/,c,/r'

(tc a/ynen,e,,t ri./)'"/! 7.,a1:,7c),,1r J" Ô , "/ /tcn 7e.'/ "/ir,.r/n.2.

re\yonT",ei /to'tz ,lyuclan J. E f.; tc4ler/e /n coyc/,2;t( (/ec Jr,'p1 "'7L,,7

/et terc/es Vzt stct,,lVa,- - ) .tt' cotc .lonotrla)ia a,: tta /,'4at, o2"-ra'/ie

Dèt 7., Ln ."nt"nS. .ç1,'- ë2n cerêt/e 7.,ê, /r-e Vrtn.t cLnt / 2-Jo .g, fJ.C O ,
(/1i B,(,O) "lt_ryùZ::À.t; çbrl e., eÆl "/.,,> Vt'2. 7,'a,t-<Vzht D,n,n,C,
c/./n ' ael 4,../ ' 'ê îLr /4e </,ttte-, p"iry,,'2,/czt tic >4C zl 4D ) 4D (C")/, .rn,o7u,
/rq./ c/'ai//ern' ac'cî 

,0t. 
r /e liryTtc r,, J. 

7r.").rrrrhh ,/r"ze c.,r;y.,) 
7 r-V.. ).

e" .,/;"/,e".,/i"/ren , )"/enhA'; cnr,r,, ,,!- /rtrr., i O)
/eo- , l i  '2., t , ,n,^,t-  e- iz-t '  2.,- ^?^. t  -" - ,

CztniTu< p72711,e._.-r--'.-:'+-.

P.eu-r. 
2orà; 

cze rt,,,, i/,7t',1c ?., <.4rery. /e, J., x,
o/, /ocrt r-f/1o rc.- ?c.e: ,g =Ltt , /3 . et/. C= e;l p."i!

n.n< a,l,f,l e /A ) 5; //c,n e'to./, e ,/e re<"a/à Vnr/,r
du 

Voh I -) /u' cetc/e -2n î,/e', .,1t ç Lg;t o/"4 "11, ,rtn'6r-

î , , .  ("èn,.t4 " i ,  " t [)  = tZ i ,1, 4,T.tI  ]s l) ,
a c'/lezt en f J,f 7.. / 'a27l.ohza L = 7 s g  r - s  o ' ' t -  - t - ë qe L  - - . r ; 2 L

_.1T t- ) rELcê ntè1yc 1. ))rop7.ztr' z,,ais

t r+4 : ! ' 13 : !  =  ) i L t  e , /  ùa?
)+ t t -  )  - . t ,

À. ,, nt.orr l,:* ,1. d , d'o; /<t cc nc /-,tta,t . s

-  Pc t r  Cc ,n l re  uaa 
/Der r /ë? .hu . .  

à  pnr l ,>  / t - '  ce , r l>e  no  conJ . r r . rno ,  / .

ôi rc ,77" , r t  '  ( " : ' ,  " : ,n , . i r , . " :J  )  *  (7 ,  d ,Bn .g  ) - ,ù  t  )
fl r htr:r /.i en e//e,/ Je //,t/V,/,c-,r,") fl 4 t- T4n , se,/ t *_. 2t
/o,,r )',nl/. "4.e r.,- /." ),Vri.t 7r."t tÇ2".i* ?:;,'.r-,. .rn,ofi ,,.( t ' , r t ,4, t i  )  = t+" ' î4 = 14!, r :__t .  t , t t i  .  t ,r ta

-.t - c4 ëi - ca ..r -t1 êz - t3 tr+ 4 7fi

, t  zb , .  . l  . ( . . t ,  
, tzt  4 ,  t  ,  )  (  t  , t r , - t3,  -  è+)r  par . t  e, tyo/e ,  e l  7, . te-.=î=*^*(#:r= ##,

- Ln"isa-7.a/tJ e/,1., /e .ns ./. l, V,.tJ..hbn az//y,"n./" /L,n ce,.c/e
" t f  

-  
i x  ç 1 , .  b , , - L  - . . ' ) , ; ,  - . :  J , . -  -  ^ ,

;{-----r-..r^ 
n,:: * 

/, 
s,r..f<,n,è2.'; on 7i."r ft-'44ôrè.. y- i/ r/.y r'  

I l\ 
d...c/../c_/7,;/", J, C ; ceà)2,t è

I  |  \ , ( ' , " " , ' î , : ' ! " ' . : ) . = @ i , k q , r t { , D ! )
*;+J 

tza.tl re àe" t à <Tu./ie. /,,>l/.le^.e'i.. 
- 
*' i.^,77".,

- So)ent rnaintena,,l- /1,



Ju /'"rV7lzohçn 
Di

,1c zr"4ro7r1ie , cz ert

( . 'n ,  " t î ,  l  , - t )  =(e t r

l s o n r T R ) E s
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. E r* 4-!! =Cot.
4+è/

r4.2rt<4 i ctc co/ta/

,Tl4 , o, æ) -- '4
- la /t

, et can n e u. 7----t

TreZ{Jeat - ,â,r, t,

t fn,,lt 2'' '

4: t1 ett L,, e

(C.st,G'V,,t,-,t)= ?# ?# 
=

el acltas /e re'sL lal , (Gs" , Ccsf 1 ) ,

( 't+)
/ - ra  ê l '
|  /  ' - /
-n) - (" ", ctî, ),-t) '

. )

Le; isozne'tn.-, 6/L'r,. clrci /e !/o'e/17't' (cle;/-à-Jiz" m.n)e Je /'t

J;s/z/^{e )77e}"17.. â 7 s' /t7. tsenl s<t^s 
Tdnt 

o/a <el/'t "L /o t/'- 'à

e"', l./, 'rri,i.- , /. 'tt7c'e 
cl esL /"'naXe ''/ ' /n )'1ionc' e"'' l ' ) 'n'e (7at

x t - - ;  u  =Tlx  ,  s)  /  cn " , , / le" / "  /es Ac" ' izcxt  6 /e5 ccc 'Jctn{1 -z  t tz  ) t

Cc î1,à/  c les b))echcnt  ntc^ë)+nes . /e  J- , , t ,n f  t  / r 'v  /eaa, , /  4 'un.  r !ê / ' t< ' ,A 'e

à t/< , c'esr-àlJir. cy'Lx. f' 'onc/.'hoa 7 È '<1-a' 5i e//e ast dire"h ' a''

/ 'tn" r7t,. o'r\'" ,r)ar tlarttVort à ua 
7c)at 

'x è a'.�x s) e//< ect ial;t 'e"te;

,o-rr. T'1 (-r* 1 = fl'x+TAi 
t 04 e't o Jcnt ale Je''x scrÈt '

" _.ttr1ær4g

- ce//er 
7.>'(ohftrve,1| 

'/es Àc"iz-otts (c'v) ' ia'' /zr' d'rncht )rcn/ Jt /' 'Çra't-

LL l-----> LLrtlê (po". u" e 7-t,,r[ 7Le/tc^2-e)
.,." ) +UêLL

- ce//er 7ei 
e'c/raaXe"t hs 'ltiton' (JeLrcisront"r ' inJre"l't )'

t t  È-- - -> u. - [  (  a . ,ss)  paur  Ltù r  /Ge J- . t , lL  )
14 ) - Lt.L

Tuo est 1.2 r"r/r<)b^ à l-'t, 't[ J" / Ua^o2tyl"" J" lu --t'- /o Jrn'â

oniecht'e lA ./" 2orn'+ l'i' " zl -"1 / el '/t l; ro'7ort tt*" '' 74 z'=4

/ r ' t -

( c / e r t - à - " / i r .  7 " .  ç t t ,  
T u . k ' )  t : 1  , - z r ) -  Æ  

- -  t " u  ) ' " t  o ' t "  = 7 " ' " Î  '

c) y ert /o rëf/et;cn 7cr'' rz'4cr/ à //c''tX'^' L( t- -L( '

P/ . ,  s  11 énJr .  / .n , "nt  k l  7oX'  2) , .cn ea *J" ' r  7ce s)

/) e/- /1" lott / c/e. 't 7t',.th 
c/Ln' Jrzflâ e/os/2u- J Z"t;zont PehQ'

5. A ert /" lr,"7r":r,/"e Je Peh Q à V t''/' à e-t7' er 4o '/e"r )o.t7'en/"

à V.oJs S" "t7", o/"' ' 
-Tru (+) "'t. '/,. '- 2otr'"n^e o'7<o'J- ))" u7V" '

ni û frtl /ri- /r.."7,r,'7,'" à 7<''/t 7)"r à7' '

Rèm. t7e)or t  a 's l ; .7 :e  /a ,  v " /e ' ' r  . . ' ! ço .L"  ' y ' '  <L7ern ' ;n 'n t  / t  /< '

7.,15,<e Jet 
').n,c7r1n,l, it 

ci-c/:sr' 's es/ ) 'uÏ , conf"^nrcta / 7"e / '

"eLbreqt ./. L'n7.,i,-"' 177".'l'17" t'-z' 
-l-z/' 

zlf ec7 
f-. 

' C"" J"'"

/i"/i" ,y''or',. ,r., r....e t'a/iVrc'tnhon ./, /', Jrt;h. t'Lt,42-'<-, cc'zt'2\ e

lz c/ert-, i-cer./r, .n r",/"t 'ont e,t e&t yer/,ce/en,en/ /"t / ' t,nlt /e

J..1,)f teî c.z ",len,,-ce"./. ,/, Ja.,àlr. f-,,4[ . t.', V,oah' vcit)nt a et'
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t1 et lt+dtî, .,Lttar,/, /o /H.

Re"'rr.
u = ( L s

S;  t /  =  e ;ê

ê ' ,  t /  v  i e a  t ,

l l  . rrJl

y7-e2

c/ans c" hc,.,yeau n,e../è/. J. /,t

c/rerl. e/r,c/,7Lte, c ér.,, m c Jetr;-cert/c

PQ, e,'çev,)1. /et Vdnls d o,g/.

po/a,'re ê (o <ê <o ) , /'e'kae,,f .,/"

/enjuec.r Jet.) er,/ /.r,. 4P
9)à ê

/ar,J,', 7.,. /o Jirlorr. Ày7e",1.17u.

,  H ' =  o i ê '  ç u Vtvl'ettetr t cz,.r J J, zlf et, u = (ce ê,

3(il,/1,) = t(a,u') = l lt", (ccsê,Grêlz,_Dl

- ll4î (eie,e,'ê,'4,-z) I àâpu', /o Él, "/, $a t

3çn ,n ' )  =  l ug  (n ,n i ç ,e t l



- 7 -

X.)tf etnu DÊ LoôncHÊYSKl : l"loDÈLE DE KLE)'N

n)  LE PLê lV DÈ= lÔBACHÈVSKI

Le p/o-n J' /"f"'lurçki est' un 7/u' Jcz' / h'Ls /'; Jrci/'s rcat ''/or'+q"-:;;

,/ r:t i/"i,. /,n"r/e' pn" L'n 4:!2 en , en;ett,f /e l.s 7a)nh ?.r rê.,t' à /'lcz'zcn

i gto^,,/'ce"./. trà, "/o;g,,{ ), et 7.'aal aa ra
en /,4ne Jrc ife- t/trr ./ ', lerr'zon , c'ett 1,'r

\ u/te' êf.ô;/e .'/nrhTce /,' '.n ," J{V/ace ,

actàezten/ /,t /^ ./;r/rr"r. e,,/ze Je.'x

/.)nh /1"t B J'/o/." ett ,/y7e.)./;y.,":

. r (n,A) = /  / - t  ê,n.A,P)

i ci P er Q ra,rt' /": 7c'i'th 
c" / ?cr/z'c'n

e't ret.tr/.rn/ | </e A ,/ 2J ,/e B '

Po",. /eu^ dre, h, ./, .. 7/un , lrx'i t co t Je

Agtre scal Var;//.s (ou lre /eu' caa /<tç'o^ ):
- eles te couVezt.à ,y',itanc" /ri/"", coztzt e D- e/- D" , en L.,1 teLy' /oo/,..t'.- e//ei sc taiVen/"à /',n/'n;", cbt-à-d,,..7.,e ,/'u" ,/e /euç. )or)zaar e;t

Co)tr\a./t, (.ttÀte D,a ef D3
- e//es ,1 /cn/ qs1u1, 

2c;,.r/ ni )crlzoa aar,.rL1n, Con,nc 4 zt 2<.

Oz /.s ,{"., tt.;E, /:a4:/.! , ou J,rto;,,/.s .re/a.t /e cag

Oz, qtte//e v,o,/è/o J. K/r), ,/r' p/o, Je loJoJ.,r/.t /'Z!::'e"
l t  ,  Ic/ |ne c",ti/ue proro re J" '/aa prp;e"hf tdJ , nuni 4e'

-ure hêhc4 c/2,/,cncn,ert: /et c/rz)/es ea Jent' /"s 2c"lont rnh'r)etreJ

d* dr-A, d.fi,,,7,n7",y'f,.nVuZt.k.^ _t 
t*\"" 1'�-':":; /

Vt)alr.à 
/ trcrt-zun . /e.rt ;alerte'clbù!' du?<

la (c )1t rrè
- ct t . ltc hc tt ./. J'tln., r" "zlr. ,y'e, x 2or.h, :l

Vz'e* /a ./,ç/a^c. )77eJ./;7"e -\

,r}q,B) = lLU ûi,s,O,D) , ai PerQ
' t/ ) ','zcà J" A ./.2, /. ,'ç o5ê4t  /er  Dôrà/ \  4  /  nôt

Cor,^, ./e.,* ca,/1;2ucr /D/ë/D ftr s'"Z,|art;ten/<t,e< /p44 ja le..;e..s

fa. 
Lne l.r,"gn1nrl)" 7r'(êrte/'ue ,/er )' '2227a7./a, i/ est a/,2;r- 2./c,,

n€ /oe// 
/"/i/, à tc,rVoter., co 7-'/cn /e.o .lo'u /a lzzè.7,1e /o c.'.,2('e

nsf /" ,nr'"/" -cvtile'(/ 4u7/.,n cc.nV,/ex e C , e/ /. t,t../è/. .L f,l),

eJr a/ê.r ,'/a c/rt2te-uzr'l; D = 1= . C t tzt -'t J .

/i-'r; ./. ,J', ? .tt L,n ?tpacc me'lr,?ùe, ctett-à -J,.^e 
7". /..

c/, ç7nn". 3 t.,h3/a'/ à /"' iae"qn/,ft' /r,àne.,/a7re ",

/ > o u .  
a , l , c  e D  , c l ( q , c )  1  d ( q , b )  +  è ( À , . )
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Scient 7.7 ; rr,  ̂ ) È,.1- /.s )crr'.ons ;l.t .l"r',1'r aA,lc

el'ac , el o ,/e pct,tL J'int "r..,/r"n J" lc e,L 7., ,

à itetlirr'er,r J.' c/ir1.., éven/u'c//en,c,/ à

/'t'n,ôiti. / / in "'to /,'/.' tler'4â r't'c'i/

/ l"g G,À,7,p t lrtcg (À,c,a,ù > //oX h,c,",t) ,

so , /  (a ,ô ,2 , y ) .  û , c ,a ,n )  >  (a , c ,a , t )  ,

?L' e4(ê.e 44 U . I.t .c,L . at - ck 7z -lo/ ôî ôn c4 .7t< ct:

Haiç /<, /.') çsq nc" d. o 
7r,,' z'xy7ar/ ,t c

ce.r/" U va..t at-aq = ap oî (ac, r,2,e yÀ;),

et cl. n'êzre lf Àî , bn lz .l ce cz -- ct . tu,

c / ' " " '  e l , S ! , k  =  L t  . r , ,  = c k ,  e t
.7tL af b'..)- G ct CÀ

/'|n e7^/,té c),.. c.1eê ç/Jcnt è/1.cr.

1t l\

/ \

G*f e)'fà|, 
4 , ?L; re'r ' ' / tc Jc 

H-#.# =, , rzz/e',ccze

tr *'# =, i c'r " ^e 
tr *"'cf = 't 7" /' r)e"'-,.� ' "le

nli:tn1t, /n ' ' ler"'e-" )'ri9o/'1"' r-e'rL'lc ' '  * ' ft '  
c+;r-a-l 're.

à. (b,c, .5,u) >. ' l  ,  ce 2i  ,es/ .r t"  7t ' t7" '  f t  f  o;nt t  ton2 aTatcntt{ t

,or,)rr , , /  rczo?n/ str  / " '  J 'v ' /z Vtz"rechre lc '  a

/-o pr,.,r" ,ranfre "' l"i 7J' 
/i/t{ta/'li /">^i' /">' ert 'tlnc/'

de't 
Vt,e 

'/bn 
,,7u fi"7t 

,le 
ra'iozne,zrettl c; t/esr''s'rl'"t'-.à-J'rt t/"'1 2''e

/r, 
'por'nlt 

o,l, '. h. son/Vo" o/Ù'!t f/a i: 'ec ' ' /c"hc"l'c o/o"s 7n'

dri /,f, o.,"..u J., l'?n,s 'l,ito Je çoz't'eb /ct Vaiah
J

,l 'rn, irJJ,rr'>,cn Tuazz/ /.t c/,'t/,t,t rc eahe.clo"Tatah ron re"r' ' ' / ' '/s

l?,,,,/ ,rerr .'rîo ) , 7u. /.s 7e'n.h?;,c u "t .L t',n.h /, J, l(/.'n / 42,':'''

c/r ,t/"s t;crl c,l e z"h et lre .y'eux )als ) scn/ /.ç J".,'le:

I/ esl "la;r sr'. /e t,,cr/è/o ,/, K/,'" V'" /e V/"" t

lc f  n  eyçÀ;  , ,  5o l , t t€" , /  Vat  a. 'Vcs l t /a /  J 'L- t ' r / , /e .

7a. un Vc in / t/ ./e D vct 5 t h'i î.'/' Lv ê ./ro ' l" /) Q

/)a|J< Làe tâA)a;/ë' J" c/rc:/et t)e': e4 rêàF Jr-r";rl 'rr

/a,.' /es ce//et c/rs Je"ieu" aJe -ronrnret/1 /io,i/'i7.-

/": c/er'^ /n..//ek à PÇ) ,ûacsa,rt V<tr h , Pnç'e/'

Phq . /.-, rJc<,\tc? 1.à/ /er drz,/a, c/e I h-/re

l .c  t  eL. r .

C/ert e,,t are c,n vl e nz-trrène

c/e 7e4 a,r,2,2" ei.enL'"/ esr /m2

./, 
"/o+9u. ", 

/e Vc,tt l
/cra, tz, Jo/a /.

/ ' lc t r 'zon ,  /D.L ' r  7- ' /c t ,  V. ' rsr l -  / 'a l te ;ac/ re



ù Uel:L?ÆtyÉ
f 't ç)-- I/ est Jone /ott;)/e s/qnv./t 7/'tn 

J' /"Au"'lutski 7'"
" 

YÀ---- 

-dr, 
" /.^,'-iz;/es iççt'es ''/o i "t't' /z' çeat are /tA 'J'r

\:1- <aj'/es I el/\ c/e t:''': 
::'-/'-''::'r: ,-::.t:.":/":î..::''^'

t l  / ' "c / /cç 
1" ' ren"o4s7ent '  t tJ t te ,om/cnte les " tnJeZn;" 'e"y ' "

/7a, i  , /  fa ' ' r  n '  l t "n ;2t ' /er  7"  
2v"  7 ' t  

J"n ' "  / ' t  ^ê '7an ' /Ln1/"  J 'n '  /e

ntac/è/e </e K/e)n, cu.' 'r/"'-' ' n ' ' tt 
'Xo111!!êtÉ'i

onn"/"n: ca't fcrne' c'n 'tto/è/' J" ;; 
j )o'/u"'4""/'; où '/ e:/V/'9/

7i^7,."t,'#Ï-i.A-r u^ e'/nace ')')"/;"n' J' ''(: t":È ?u,'n'l'':'
pda/ /tc'/l2,pnL Je /az2teur 'l7Ve"'lt/'7t,t 

-Joit 

'/e nÉ)\e 'r't'tt 't:u/< '

fes J;.er)ont", c'"shàlJ't' /'J/'o''ho"' " / 
,à 

/'c'/ia'c'i' J' /o";"'' 'u' e'''/' '

,Jirn , /. coef/,.iea/ n' '/q''o!/onf 7ue.c/L Tant; 
Jon'.tn /e'/,sacJe/e '

\ / /", ae'oJ"'*çi''r t'nt br/Àc7':zo/" aL'À /U4-t Je nit ea'

/ff\ 
-J,'/., 

,/"/o't<è (à ''n 2'iit' à " t*r''i )' c/;s'/ /'
' ' l-TX' "pri^t,n, J; H. yq""i " '//c'stri c)-r"n/r<

' r'; ' '/;.:',|.;/!, 
,n "n vu,rr J't4htee,âon ), /e'ln"

/-es ang/es (7'e ltar

Dar ca 
'tmclctt 

1êà'/e'i'<- ola v2lvc"'t /o"qeul: ta '1't' hîi"'.�."i ' Je cca/Lnc/ea f

')t^ 
t'r.i /es a"1/" c/e''/"k J' v/un7ut"""t e"/'c/'en -

o.,e cc zte 1c1/ nar /" ,.�-, Joo, /t 'n"/e'/" de l'Je; Çt/"^Srt/'^t c )

,"ru/7, à" /a drs,,;/f'on '/"t'y't/*2'' c br/-à-Jte J"' /;e"'' c/' Vc"6 o'

c/is/dt'.. e 'f's'nt'e J'on Tctal- 
/onnÉ :

à

,teÀ/ 
/) 

)-a/, r< 
."/- 

.oz/eno, "/a,r, D
Corth\e crxe d. f)/ntel. ie. e

Pre.ve,  9c)eaf  P6 e/p.  7 . ,  1 'on l ron,  6/e ê/ ,

ci O e;l tle cenlr. d- D, eL A', r9" kt.7"-,k
g' su- on à J,shacc n de A

S; o,n2 a.,17. J-ih. "/'.,4.n;..,nt Pe/- g

Tarrc 7z'. A , et r; t7 , h'so,/ /"1 /",>Ë
à c/, rtance n /e A trr cet< Jrc"'h , c. ,,-

/ar e xe,at n,/e.'  
(n,rt :e!,  r .  )  = (4, H, Q, p), et Je nà",<

(4,n", Po, Q") = (.9, /7, Q, P ) , db;

tt = PQ /1 ,4k /t ê'At , oi A = ?"P/1 Q.Q
el A' = Po Q n e"P sont -ror /. 7a/a;re A
de ,4 7a'- /z/1/o* a. cer./e U.

Cot,nr. /.t cot tTon Joucrs

Ak+R+'P. f , , -F i -  Qr-  P.  Ç)  L 'P, ' / '  , i "A/

Sont lau/'e s /et )on oj.oVl;"r, /" /;eu

coa;que f atîa.,r 
/r.'. rl '"t ,a "; t//, c.tt nlil/e -

: c/etl doac oT. e//f îe , el e//e a/,,', e f ê4

7,1 (a-a) , et /e

n Je Re I) :!!!z:J rF.

Lorc/... f) = TActTo, uz a po -_,1 , eo =,,,t . /) '= 7à (at/.) , â"=
l t/' e- chcr.Ae cet-V e /. TerTeaJ;<.",/o;te ea â à oA ac ^ //,ê,/'lt
/2 , /2  =  TAq t i  ù - rÀr "Tr lz  ;  en  Var f i . . , f  c / -  so ,  ce t / re  c îh

9on c/e,*i-axe (sa- ôd ) 5,1 :a
CA 2a t C,4 2a

t,t t4

o; ,1h  à  J ' t ton<.

H= nR 4 A"A'  eç2 i . ,n.

C42a t (À2,t
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I 
'i/!rren* 

J. l"nt, ",.^ a., /Dê;a f 4 = n ,./u,,,
ta .t.,rccho4 11s 04 _ p, ço , o,r.. po._.t, ço=.rt va.,t

t. dot ,^. Ial'f _"a:rz 
' (-lculezs -,L ,y'unr ur," a..rl" clreJ;on pe

ç" . 5' Q = e' 'ê el P = eie: /a cc,eyzcttc/an6a 
Q r- f

.e'ht,, l 
a,e.)"n,7,wVt/i" lq,.cl, jo. ,/" 1< c,^,7", t,,

i / tn eçt cle v, !n,, J" eic F--. eiê/. pc".,. vo,r,.,É ",.

/" eiê - a - " iê 
, ,/ sr,/lt ,Ln , J" l, Â;". "n-  

- ' l -  d e i ê
' f/ù,'r /Da,,z A. cL s b,a eh : c Ls L <-/zt iz. /.r- 8o t7 Q, (a = c, n )

7u; s LZ)u,ge.,t' ). ett A- r; p. e/ Ot sc,rf ,/:t 7c.,,,,1 a-: ./,1
c1Ly' e /e cezr/e 7/ , â,1 4 /./.. exeny/. 

e- o i; y'zÇ j "f
= a-i vii=â - | , ce y-; .1.,1/,t /., A,.2,"/" . Ju ."ttn/-a/clrr:-�.

p,tyu</,t ;../n;,-a à /.

- L

C"sê-<
-.<-t Qtlê

êP - ./tt4 -
nç, )-/4

4 P â Q .
4 9 "

nP. AA.= ) -o '  -

leit.-alL .1+<z - 214êeE

' l - a 2

, .t / /e'/iz,e,, 
t cle /o a2uezz- "l cr.,l e', /anr /a J;r,o,4bn /e /tp ,

va.'/ lonc ù= lPQl dh _ l,lnt
2- ) -/'" -t -F2 =

/  , .  .
|')1 /) drn..)/t'('- da,t h lirerr)>a orlt oS,a,,,o/. à oA, ù,ê=x ,"L à^ =/./fl)

Co.v/1t e 04 /e rctl, u, )ttë.êlè/e ?! e2, c.2//l:,/^,/,te- er/ rtt cL, 
Vn7)ce a.,, colc,r/s..

.e,L ozz a,re_/. /ol / /",/r/" cl." nc,J;/. /. k/.,^; êa îe <r.a/e.t l?.. Je 7.../2":_,  / -  ,  t  .r()'t.t/ u/Lt "J' fi7V/enalairet I a.' êha/,'/7e f,','/q,r/, ,4n,/.,.t tcr d"t ;)1eL 9",,*,o,_
hVu.t A'"'rr,'?r /îar 0à .t,:t/t'< noJ;/"

, - " . C " t ) z , l J A l

Q-az) Qt+<2-zaàsê)
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E) tes HoDÈ/-Es CôlvFoAtlEs

' J . , . . ^ " ; ^ -  n i c r , , , -  n -
n) L 'HE/- / /5f i /EAE, ET LE D/5QL.E ,E Îo/^ 'cARE

f/.ng"ons C = /RL cfans /R3 ei centtlr','tear /.r

Jeni-cVÀà"e c,nil{ 2r a,., lestut d,'V/u" A,

ei /e pc)nf q-, c/e cec"deyt,,.'o' (c,t',"t)

Consi c/irt "ç /es 6;,..1"r, n D- Z'/
: < È 

Ut '---t/1,'

, ,  . -  - D
;,',-,; îç'/''c''r

/?s tecti YetntaI /e rc1)re'"a't

ve,'ti',t / (r'. y. r) r' (2tr,\'4'r'-7) )

e./ /'),,1y.21,y 7, .!" 76/. 
c., y,i a'.Aay.

[' et /< yrt'J ù', -tn ;li Z ;

;ù:';n'- z ("r(a?;-i'1= " )
la àm,/e ( /r, mor/"le J. K/e;n) A, /2,,tz.nt 4Q, Lt

<ç/ httnr 'Êrn'é ,bq,t en /e Jeni-cerJe 4" ve r)2a/ lrocé

str 2l l, cJr'ar,rèbc PQ, 
1u/an arrn,f' "4X ̂  sr'j1ir{ comnt e a.'/re tro/t .Jt

t)t"r/; u/nrf7r,e / no./t; c/, /a t/,.c/aor. 
-

"ru+'i,a") = lz"7 6,eioi a, D I = lr/ t"g ûa,8. Q, P)/ = t01'ô) ,
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