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»?5I If>?Î8hO(5OH ü 'OH «x8DROH 8!!h?f>IOH 5D8(HÎODH8hO»O(5 O( 5D8ÎIO

O5 «OhhO 'OH 5D8(H_SD»85?S(H RIS»I5D?f>OH >5?h?HIOH '8(H hO !DSRD8»»O



M

'dSD'?(85O>De c8 'OD(?VDO HO«5?S( 'I«D?5 hO !DS«I'I ?5ID85?_ O»!hSKI

!S>D hO 5D8?5O»O(5 'O hdO__O5 /.9Oh58 O5 «S»!8DO ND?VÎO»O(5 '?ÎODHOH

»I5xS'OH 'd8(8hKHO (S( h?(I8?DOe

cO «x8!?5DO q HOD5 J !DIHO(5OD hO !DSRD8»»O 'dSD'?(85O>D »?H 8>

cOH «8D8«5ID?H5?f>OH S!ID85?S((OhhOH O5 >( 8!ODs> 'O h8 !DI!8.!S?(5e

D85?S( 'OH 'S((IOH DOf>?HOH HS(5 'S((IHe

b> «x8!?5DO u^ !h>H?O>DH «8H 'd8!!h?«85?S( HS(5 Oï!SHIHe cOH !DS.
.d

Nh—»OH^ !S>D h8 !h>!8D5 HSh>5?S((IH '8(H h8 h?55ID85>DO^ «S>ÎDO(5 OHHO(|

5?OhhO»O(5 5S>H hOH 8H!O«5H 5xISD?f>OH 5D8?5IH 8> «x8!?5DO Ç O5 «S(H5?|

5>O(5 8>58(5 'O ÎID?_?«85?S(H '> !DSRD8»»O 'd8(8hKHOe

cO «x8!?5DO j !DIHO(5O hdI5>'O 'd>(O H5D>«5>DO »I58hh?f>O »8-O>DO J

6( !Kh*(O x8>N8(I >5?h?HI !8D 3dLK'DS.)>INO««S»!SD5O»O(5 (S( h?(I8?DOe

H>D HOH h?R(OH 'O 5D8(H!SD5 OH5 8(8hKHI O5 hOH DIH>h585H 'O «8h«>h HS(5

«S»!8DIH 8>ï SNHODÎ85?S(H Oï!ID?»O(58hOH DO«>O?hh?OH hSDH 'O hd8(8hKHO

Oï!ID?»O(58hO 'd>( !DS5S5K!Oe

b> «x8!?5DO ç^ _?(8hO»O(5^ f>Ohf>OH ?'IOH HS(5 H>RRIDIOH O( Î>O 'O

5D8Î8>ï _>5>DH '8(H hO 'S»8?(OeW



bx8!?5DO Ç

bH!O«5H 5xISD?f>OH

We
"C

\
i d



1

cdSN-O«5?_ 'O «O «x8!?5DO «S(H?H5O 'd8NSD' J !DIHO(5OD hOH 'ID?Î8|

5?S(H 'O h8 5xISD?O 'O _hOï?S( «S»!SHIO !S>D hOH !S>5DOHe cdO__O5 '>
~ 7

«?H8?hhO»O(5 OH5 ?(«h>H 'O _8sS( H?»!h?_?IO 8_?( 'O !DS«>DOD >(O _SD»>h8.

c8 »85D?«O 'O D?R?'?5I 'O hdIhI»O(5 'O !S>5DO !h8(8?DO5?S( !h>H RI(ID8hOe

OH5 'IÎOhS!!IO O5 O(H>?5O RI(ID8h?HIO !S>D «S(ÎO(?D J 'OH !DSNhV»OH 5D?.
3 i 1

'?»O(H?S((OhHe 6(O «S('O(H85?S( H585?f>O OH5 O__O«5>IO H>D hOH DS585?S(H

J 'dOï5DI»?5I 'O hdIhI»O(5 O5 h8 D8?'O>D 'd>(O !S>5DO 8D5?«>hIO J >(O Oï5DI|

»?5I S> 8>ï 'O>ï OH5 SN5O(>Oe

iMd
cOH «x8DRO»O(5H 5D8(HÎODH8>ï O( 5D8ÎIO HS(5 O(H>?5O Oï8»?(IHe cOH

HShh?«?585?S(H If>?Î8hO(5OH 'dOï5DI»?5IH 5O(8(5 «S»!5O 'O hd?(5OD8«5?S(

O__SD5 8ï?8h._hOï?S( HS(5 I58Nh?OH !S>D >(O «x8DRO >(?_SD»I»O(5 '?H5D?N>IO

hO hS(R 'O h8 !S>5DO O5 !S>D >(O «x8DRO «S(«O(5DIOe c8 _SD»>h85?S( 'OH

HShh?«?585?S(H DIH>h58(5OH J »?.!SD5IO O( _S(«5?S( 'OH DI8«5?S(H 'dOï5DI.
W2 . »?5I OH5 IR8hO»O(5 'S((IOe

c8 5D8(H_SD»85?S( RIS»I5D?f>O (I«OHH8?DO !S>D Oï!D?»OD h8 D8?'O>D 'O

hdIhI»O(5 '8(H hO HKH5V»O 'O «SSD'S((IOH RhSN8hOH 'O h8 H5D>«5>DO OH5 O(.

9O »—»O^ S( !DIHO(5O >(O »85D?«O 'O 5D8(H_SD»85?S( >5?.H>?5O ?('?f>IOe

h?HIO !S>D h8 H?»>h85?S( 'd>( !h8(«xOD D?R?'O '8(H >( Nü5?»O(5e

c8 «x8!?5DO HO 5OD»?(O H>D >( NDO_ Oï!SHI 'O h8 »I5xS'O ?5ID85?ÎO

6(O «S»!8D8?HS( 8ÎO« 'd8>5DOHO»!hSKIO !S>D hOH HSh>5?S(H (S( h?(I8?DOHe

»I5xS'OH OH5 I58Nh?O 'd8NSD' f>8h?585?ÎO»O(5^ !>?H J hd8?'O 'd>( OïO»!hO

p
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H?»!hO 8ÎO« «8h«>hH J hd8!!>?e cd?»!h?«85?S( 'O h8 _SD»>h85?S( 'IÎOhS!!IO

DOh85?ÎO»O(5 8>ï !DSNhV»OH 'O H58N?h?5I Ih8H5?f>O OH5 8>HH? »?HO O( IÎ?|

'O(«O e

Çe3 avva4 96 bigbiccamal4 al 4Lat0ia 9a vcaPitle

cOH _SD»>hOH «S(ÎO(5?S((OhhOH 'O h8 5xISD?O 'O _hOï?S( HS(5 'ID?ÎIOH

O( (OF!DO(8(5 !S>D I(ODR?O 'O 'I_SD»85?S( f>O hO 5D8Î8?h O__O«5>I !8D hO

bO55O 8!!DSï?»85?S( OH5 'd8?hhO>DH ->H5?_?IO !S>D 'OH»S»O(5 _hI«x?HH8(5e

!S>5DOH 'O !DS!SD5?S(H (SD»8hOHe bO!O('8(5^ hSDHf>O hO D8!!SD5 'O h8 !SD5IO

H>D h8 !DS_S('O>D '?»?(>O^ hOH «S(5D8?(5OH 'O «?H8?hhO»O(5 O5 !8D «S(HIf>O(5

h8 !SD5?S( 'O h8 _hV«xO f>? hO>D OH5 855D?N>8NhO !O>ÎO(5 'OÎO(?D ?»!SD58(5OHe

bS»»O S( 8 ?R(SDI hdI(ODR?O 'O «?H8?hhO»O(5 '8(H hO «8h«>h 'O h8 _hV«xO

'>O J h8 _hOï?S( S( (IRh?ROD8 hdI(ODR?O 'O _hOï?S( !S>D OH5?»OD h8 

_hV«xO »« «8>HIO !8D hOH O__SD5H 'O «?H8?hhO»O(5^ 

f>O h8 '?H5SDH?S( di OH5 «S(H58(5O H>D 5S>5O h8 x8>5O>D 'O h8 !S>5DO O5 

f>O hOH HO«5?S(H !h8(OH DOH5O(5 !h8(OH 8!DVH 'I_SD»85?S( Ü_?R>DO Çe3£e

On H>!!SHOD8 O( S>5DO

c8 '?H5SDH?S( !O>5 —5DO Oï!D?»IO O( _S(«5?S( 'O h8 «S(5D8?(5O 'O 

«?H8?hhO»O(5 »SKO((O

'»
4b
,
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h8 _hV«xO «8>HIO !8D h8 «S(5D8?(5O 'O «?H8?hhO»O(5 ï O5 ,^ hO«

»S'>hO 'O «?H8?hhO»O(5 '> »85ID?8>

8ÎO« >

a, T ÇÜh{>£
■fi

a OH5 hO »S'>hO 'dIh8H5?«?5I O5 > hO «SO__?«?O(5 'O /S?HHS(e
3GU“

om8?H ï HdI«D?5 .é H? ■ OH5 hdO__SD5 5D8(«x8(5 O5 b hd8?DO O__?.Ü_ “ g YbH
~ ? «8«O O( «?H8?hhO»O(5e t( 8 'S(«

■
r« ,bg ÜÇe3£

bO5 O__O5 8''?5?S((Oh '> «?H8?hhO»O(5 H>D h8 DS585?S( 'O h8 HO«5?S(

_hI«x?O HOD8 'S(« 5O(> O( «S(H?'ID85?S( '8(H hOH 'IÎOhS!!O»O(5H f>? H>?|

ÎO(5 e

ÇeÇ 0bi9a60 9Y6la /t640a al vcaPitl btm/tgaa

cd>5?h?H85?S( 'd>(O »I5xS'O »85D?«?OhhO 'd8(8hKHO 'OH H5D>«5>DOH

?»!h?f>O O( !DO»?OD h?O> >(O ?'I8h?H85?S( 'O h8 H5D>«5>DO O( >( 8HHO».
eee D. .

Nh8RO 'dIhI»O(5H DOh?IH O(5DO O>ï O( >( (S»NDO 'I5OD»?(I 'O !S?(5H '8(H

hdOH!8«O^ hOH (SO>'He c8 D?R?'?5I 'O hdO(HO»NhO (O HOD8 (? !h>H (?

»S?(H f>O h8 HS»»O 'OH D?R?'?5IH 'OH IhI»O(5He
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c.31 'd>( IhI»O(5 DO!DIHO(5O hO 5OD»O 'O !DS|

!SD5?S((8h?5I O(5DO hOH _SD«OH f>? h>? HS(5 8!!h?f>IOH O5 hOH 'I|

!h8«O»O(5H «SDDOH!S('8(5H #kô4à f>? O( DIH>h5O(5e
c

c8 »85D?«O 'O D8?'O>D

{fl}= c.Mo blMr ÜÇeÇ£

/S>D hOH _?(H 'O h8 !DIHO(5O 'I»S(H5D85?S(^ hOH 'I!h8«O»O(5H S> 'ORDIH

'O h?NOD5I «xS?H?H HS(5 hOH _hV«xOH O5 8>ï 'O>ï Oï5DI»?5IH 'O h8

!S>5DO O5 hOH DS585?S( 1- O5 yÇ e cOH _SD«OH 8!!h?f>IOH «SDDOH!S('8(5OH

HS(5 'IH?R(IOH ■- O5 ■Ç ^ hOH O__SD5H 5D8(«x8(5H O5 O5 mÇ ^ hOH »S»O(5H

'O _hOï?S(e cOH '?DO«5?S(H !SH?5?ÎOH HS(5 ?('?f>IOH H>D h8 _?R>DO ÇeÇ O5

h8 _SD«O / OH5 hdO__SD5 8ï?8h H>D hdIhI»O(5e

=hh =3Ç =3q =3u■h

mh =Ç3 =ÇÇ =Çq =Çu Q 3M bbgMa T T
=q3 =qÇ =q q =qu■Ç y£Ç

n=u3 =uÇ =u q =uunmÇ yÇ

ÇeÇe3 af>85?S( '?__IDO(5?OhhO 'O h8 _hOï?S( «S»!SHIOe
\

c8 5xISD?O IhI»O(58?DO !S>D >(O !S>5DO _hI«x?O I58Nh?5 >(O !DS!SD5?S(
plr

'?DO«5O O(5DO hOH «x8DROH 8!!h?f>IOH O5 hOH 'I!h8«O»O(5H O(«S>D>He 48(5 f>O

h8 hS? 'O LSS=O DIR?5 hO «S»!SD5O»O(5 'O h8 H5D>«5>DO^ hO !D?(«?!O 'O

H>!OD!SH?5?S( Hd8!!h?f>Oe
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p

c8 !DIHO(«O 'd>(O _SD«O 8ï?8hO / H?»>h58(I»O(5 J >( «x8DRO»O(5 'O

_hOï?S( Î?O(5 5S>5O_S?H !OD5>DNOD hO «S»!SD5O»O(5 'O _8sS( 8!!DI«?8NhOe

cOH «x8DROH _hI«x?HH8(5OH !DS'>?HO(5 'OH 'I_hO«5?S(H !D?»8?DOH“ «OH 'I.

!h8«O»O(5H 'S((8(5 >(O Oï«O(5D?«?5I b J h8 _SD«O /^ ?hH !OD»O55O(5 h8

c «DI85?S( 'O »S»O(5H HO«S('8?DOH f>? J hO>D 5S>D 8-S>5ODS(5 J h8 'I_SD»8.

lS>H 8>DS(H 'S(« J 5D8?5OD >( «S»!SD5O»O(5 f>? (dOH55?S( 'O h8 !S>5DOe

i !h>H h?(I8?DO^ f>? (O DI!S(' !h>H J >(O !DS!SD5?S((8h?5I '?DO«5Oe ih

Hd8R?5 'O hdO__O5 /.9Oh58e e

aï8»?(S(H h8 !S>5DO O( !SD5O.J._8>ï ?hh>H5DIO J h8 _?R>DO Çeq O5

'?H5?(R>S(H é-^ h8 _hV«xO '>O J hdI(ODR?O 'O _hOï?S( !DS'>?5O !8D hO

h8 _hV«xO '>O J hdI(ODR?O 'O «?H8?hhO»O(5 !DS'>?5O !8D
.Î.

»S»O(5 m O5 8?« W

hdO__SD5 5D8(«x8(5 ■e c8 'I_SD»IO 5S58hO 'O h8 !S>5DO » HdI«D?5

{ mpmp T
b

9O »—»O S( !O>5 Oï!D?»OD h8 DS585?S( 'd>(O HO«5?S( 'O h8 !S>5DO O(

8-S>58(5 8> 5OD»O 'O _hOï?S( «Oh>? '> «?H8?hhO»O(5

À

'«> T 1_ { r«
'ï

hO H?R(O (IR85?_ '> »O»NDO 'O R8>«xO (d?(5ODÎO(8(5 f>O !S>D R8D'OD «S(|

H?H58(5OH hOH SD?O(585?S(H «xS?H?OHe a( >5?h?H8(5 h8 DOh85?S( Çe3^ S(

!O>5 I«D?DO hdIf>85?S( !DI«I'O(5O HS>H h8 _SD»O



ib

. G e ■
'ï ’ f ,bg ÜÇeq£

cdO__SD5 8ï?8h / «xS?H? !S>D hd?(H58(5 O( «S»!DOHH?S( !DS'>?5 O(

>(O HO«5?S( f>Oh«S(f>O >(O _SD«O ÎOD5?«8hO 'd?(5O(H?5I / H?( y_ O5 

>(O _SD«O xSD?:S(58hO 'd?(5O(H?5I / «SH y_e /S>D y_ !O5?5^ hdIf>?h?NDO 

ÎOD5?«8h !OD»O5 'dI«D?DO

■ T ,tM { / H?( y_ T ,tM { /y_

a( DO!SD58(5 «O DIH>h585 '8(H hdIf>85?S( Çeq^ S( 5DS>ÎO

{ ■- { /Q_T y^ 
'ï _ ,bg

“ S( 8 8hSDH/SHS(H ÿ T

■h'>'F T Ü3{F O_ { m40 ÜÇeb£
WC

'S(5 h8 'ID?ÎIO OH5

T '{F£'ïF
'y_
'ï

3 2.

m8?H h8 Î8D?85?S( 'O DS585?S( '>O J h8 _hOï?S( OH5 !DS!SD5?S((OhhO

8> »S»O(5

'y_ m
'ï ah

'O HSD5O f>O
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'ÇÜ-- T '{é F 2
'ï

cdIf>?h?NDO Oï?RO8(5 f>O m T ■Fï { m- . / Ü>.>?£^ 3dOï!DOHH?S(

H>?Î8(5O OH5 SN5O(>O

d2aj , P(l+ii)) (l+i^) "—t +    üj - —rr-- (Vjx + Mi + Poji) (2.5)El El

FaiF Y ~Gd8 soluCi°n «O55O If>85?S( '?__IDO(.a( !SH8(5 8 T c

5?OhhO HdI«D?5

ctx 1
sin — + p- (V^x + Mi + Pui)ax

(2.6)w = Ci cos — + C2 L

c8 DS585?S( OH5 H?»!hO»O(5 h8 'ID?ÎIO 'O h8 _hV«xO^ HS?5

'> 8 8ï ^ ■
D C2 cos é { é

8 A e 8ï ^
T . c bh H?( T { ÜÇeM£'ï

cOH «S(H58(5OH 'd?(5IRD85?S( b? O5 bÇ DOH5O(5 J —5DO 'I5OD»?|

(IOH H>?Î8(5 hOH «S('?5?S(H 'dOï5DI»?5IH 'O h8 !S>5DOe

ÇeÇeÇ bS(H5D>«5?S( 'O h8 »85D?«O 'O D?R?'?5I J !8D5?D 'OH If>85?S(H 'O

'I!h8«O»O(5e

t( 8 'I-J »O(5?S((I f>O h8 »85D?«O 'O D?R?'?5I DOh?8?5 hOH _SD«OH 8>ï

'I!h8«O»O(5H H>?Î8(5 h8 DOh85?S( ÇeÇ f>? HdI«D?5 'O _8sS( 'I58?hhIO



cg

a,, act a,m a,,d, 4c

atc att at0 at ) 6mh ?

=q3 =qÇ =q q =qu■Ç y£Ç

=u3 =uÇ =u q =u??n)69b yc9Çp

bx8f>O 5OD»O =F- 'O h8 »85D?«O [kj !O>5 —5DO «S(H?'IDI «S»»O h8 

_SD«O f>d?h _8>5 8!!h?f>OD '8(H h8 '?DO«5?S( ? 'O _8sS( J !DS'>?DO >(

'I!h8«O»O(5 >(?58?DO '8(H h8 '?DO«5?S( - O5 >( 'I!h8«O»O(5 (>h '8(H

g>!!SHS(H !8D OïO»!hO >( 'I!h8«O»O(5 >(?58?DOhOH 8>5DOH '?DO«5?S(He

t( !O>5 I«D?DOO5 ?»!SHS(H >Ç^ çà O5 yÇ (>?HeuW3 ^

=hh =3Ç =hq =hu =hh■h y£3

y=Ç3 =ÇÇ =Ç q =Ç u =Ç3m?
y£3

=q3 =qÇ =q q =qu y =q 3■Ç

yn=u3 =uÇ =u q =uun n=u3enmÇe

c8 «S(H5D>«5?S( 'O [kiJj HO _OD8 'S(« O( HS>»O558(5 h8 !S>5DO J 'OH 

'I!h8«O»O(5H >(?58?DOH é-^ y- ^ S£Ç^ yÇ H>««OHH?_H 5S>5 O( NhSf>8(5 hOH

5DS?H 8>5DOH 'I!h8«O»O(5H O5 O( «8h«>h8(5 !S>D «x8f>O «8H hOH _SD«OH

'dOï5DI»?5I J 8!!h?f>ODe

ÇeÇeÇe3 9I!h8«O»O(5 S£? e

cOH «S('?5?S(H 'dOï5DI»?5I !S>D hdIhI»O(5 HS>»?H J >( 'I!h8«O»O(5

>£gn HO>hO»O(5 Ü_?R>DO Çeu 8£ HS(5 hOH H>?Î8(5OHC



3M

9cb 6U b / ^ 7

ÜÇ£ y_

Üq£ SS Ty è ï T c

T y

T t è ï T c

cOH 'O>ï !DO»?VDOH «S('?5?S(H 'S((O(5^ J !8D5?D 'O hdIf>85?S( Çeu

“
'> ■—
'ï ,bH

“gC
t( IÎ8h>O 'S(« b O5 bÇ 'O hdIf>85?S( ÇeM3

■?c Ü3{?-S£ Ü3.«SH 8£bh /8 H?( 8w
■?c
/S5 Ü3{F<t b ÜÇeo£

cd>5?h?H85?S( 'O h8 5DS?H?V»O «S('?5?S( 'dOï5DI»?5I (S>H »V(O ü >(O Oï|

!DOHH?S( 'O ■- O5 'O O( _S(«5?S( 'O 'S(« J => O5 =Ç-e 

NDO 'O hdIhI»O(5 'OÎ8(5 —5DO 8HH>DI^ S( SN5?O(5 ■Ç O5 mÇ S>^ =q- O5 =?Fe

L'équili-c"-

El a3 sin a 1
kH “ ÏT

k21 = - a2 (1-cos a)

, El a3 sin a
k31 = - U

EI 2/i \= - jy a (1-cos a)L*

D = 2(l+^i) (1-cos a) - a sin a

DU+llO
1J:
D
1

(1+1/) D
1

ki+1 D

(2.9)

■i
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ÇeÇeÇeÇ 0S585?S( ç?e

cOH «S('?5?S(H 8>ï Oï5DI»?5IH !S>D >(O DS585?S( y? J R8>«xO Ü_?R>DO

Çeu N£ HS(5 «OhhOH.«?C

(1) ü) —(? x = 0

(2) m = 0 @ x = L

(3) 6 ^ — 0 @ x = L

On en tire Cj et C2

Cl P

1 [Mi (1- a) + VjL] (2.10)C2 = cosP s in a

1et, finalement,
->

1El a2(1-cos a)k21 = ' L7 D

1El a ['(l+ijj) sin a - a cos a^lk22 - L D
î-1El a2(1-cos a)k32 = L7 D

1El a[ci-(l+40 sin a] i(2.11)k42 - L D
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El 1a2 (1-cos a)k-14 ■ U D
El 1a[â-(l+i|;) sin a]k24 L D
El 1a2 (1-cos a)^34 U D
El 1aQl+ij/) sin a-a cos â]fVV DApIÎHr n
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3^MM1 mo1 1?ig166,^o .c0djg,um1 1o 6,o . 1b 3^6 . .tt13bd1 9<mo

r16 b1gM16 f

Rc Rc RcO < <O
)t,o 9<.ccd01g c16 9dg,a.b,^o6 6mj6dum1ob16- ^ot.3b1mg | - ^m UC|e p

i^61- i^mg mo dcdM1ob 3^Mig,Md

I' .WCcXTCLH 6,o . U . 3^6 .Z

' .—,UDcX8yCH 6,o .Z

EI n
IDCBAg p
n
I' .A DIU3^6 .HDÇe
n

3bh 6,o . IVBV DcX<yPH n

.a13

' A DcXbD,H DIU3^6 .H U . 6,o . DApIsHn



AA

ApApe J^1tt,3,1ob6 91 g,0,9,bd i^mg mo1 t^g31 .?,.c1 1o bg.3b,^op

r^g6um<mo dcdM1ob 6mii^gb.ob 916 34.g016 91 tc1?,^o 16b 6^mM,6 7
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•c 6mtt,b 91 bg^ma1g c. 6^cmb,^o 91 31bb1 dum.b,^o um.9g.b,um1- 9<1o 9da1î

c^ii1g c1 g.9,3.c 1o od0c,01.ob c16 b1gM16 9m 613^o9 ^g9g1 i^mg ^jb1o,g
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On arrive à

<f> j
1 + <p

2 - <t>
<t>2 = 1 + (fi

6
<)>3 = 1 + ((>

12<f>4 = 1 + 0 (2.20)

gd6mcb.b ,91ob,um1 7 31cm, 91 Fg21M,1o,13f, Dg{tp eH
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ApApÎ v1c.b,^o6 .c0djg,um16 mb,c16p

xo i1mb t.3,c1M1ob 9dM^obg1g c16 g1c.b,^o6 6m,a.ob16!

‘f1! + <t>2 = <(>3

4>12 - $2 = (1+4») $4

(l+i|/) = a sin a
*! “ *2 = 1-cos a^3•*

2 = _ ipl L2a4>4 - 2<j>3 = - (2.21)1-4 El

J16 gd6mcb.b6 6^ob mb,c16 i^mg c16 9da1c^ii1M1ob6 mcbdg,1mg6p

ApAps ’.bg,31 91 g,0,9,bd 9<mo1 i^mbg1 j,9,M1o6,^oo1cc1 1o tc1?,^o

3^Mi^6d1:

r16 9dg,a.b,^o6 igd3d91ob16 3^o31go.ob c. g.,91mg 9<mo dcdM1ob 91

i^mbg1 1o tc1?,^o 3^Mi^6d1 6<1?ig,M1ob 91 c. t.N^o 6m,a.ob1 1o t^gM1

M.bg,3,1cc1 !

El El El El
V1 r? *4 - IT <f3 - rj <i>4 ~ 12 *3 U1

El El El El
M1 - Ï7 ®3 T L7 *3 — *2 Q1

El El El ElV2 i - 77 H 77 *3 l? *4 77 03

El El El El
M2 - JJ *3 — JJ 03 02TLj

(2.22)
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4+<}) a j_(l+i(j) sin a - a cos oH ^ - a|_(l+^)sinh a - a cash aj ^
l+tjj

2-<? a [a-(1+ijj) sin - a [a-(l+ii;)sinh a]*2 1+(J>

- a^(l-cosh a)a2(1-cos a) ^*3 l+4>

3 312 a sin a 1 a sinh a 1
*4 (1+iJj) D (1+ip) D!+<}.

2(l+iJ;) (1-cosh a) + a sinh a2(l+i(0 (1-cos a) - a sin aD

et

GAs
= L / p1 d+^) 12EI (2.23)<P =a GAS L'z 12El
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g1c.b,a1 916 3^1tt,3,1ob6 8bh- 8tBAB "e 1b 16b igd61obd 7 c. t,0mg1 ApÎp 

F^mg icm6 91 6,Mic,3,bd ^o . od0c,0d c<1tt1b 91 c<do1g0,1 91 3,6.,cc1U
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r16 a.c1mg6 bg.3d16 g1igd61ob1obM1ob 91 6^gb1 um1 <t> et \p 6^ob om,6p

c1 t.3b1mg 9<.Mic,t,3.b,^o ^m 91 gd9m3b,^o i.g c1um1c ,c t.mb Mmcb,ic,1g

c1 3^1tt,3,1ob 3.c3mcd i^mg mo1 34.g01 .?,.c1 omcc1 Ddum.b,^o6 ApASHp

DEH n.o6 c1 3.c3mc 91 ip, F 16b i^6,b,t 1o 3^Mig166,^o 1b od0.b,t 1o 
bg.3b,^op
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t.,b 9^o3 .j6bg.3b,^o 916 1?b1o6,^o6 ^m 3^obg.3b,^o6 ,o9m,b16 i.g c1 34.oî

01M1ob 91 3^mgjmg1 91 c<dcdM1ob 1b ^o i1mb d3g,g1
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{Fr*} = M'w

(2.28)

(2.29)
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33

i

1
J

1

[A] =
1

$3 $2 $3
4»^ *1

•fV5
■; --n

xo bg^ma1 9^o3

<t>32 1

<*4-Tr>à
»rf>i

(*3'

(*4
• -■

_ rl ^2^3n 1
iTl

(*4-^)4
4 $1 LJ

[Kr*] = [A]C [l^] [ÀJ = El (*3- )7T

^2^3^ 1

L^71

En ajoutant une rangée et une colonne de zéros afin de conserver l'ordre

de la matrice, on obtient finalement, à l'aide des relations 2.21

V! ■ IJll «L*>
ou

_ d>32^(l+di) >èv - (*4 0 “l41 <j>1L2 ^1

^4(1+^)d’Ad+O)) ^4(1+dQM 0 012 «djL2d»lL

= El

*4(1+11;) *'>2
0 L3 ° L3~(*4V (*4 - 0 W22 ^L2*1 h

M 0 0 0 0 022J !
J

(2.31)



eV

n<.mbg1 i.gb- c^g6um<^o . g^bmc1 .m o^1m9 I- c. 6YMdbg,1 i1gM1b

d'écrire:

" V L34 4.1
 ^(li-^) 1o -u4vi “i

0 0 el0 0M1

= El
‘t’S2 1

-(*, - -J-) -3 4 <i)1 Ld ' q ’ L3
^4(1+^)

0V2 U)«2^L2

^4(l+iQ
!)>1L2 0 02M2 «^L2

(2.32)

G^m6 .a^o6 9^o3 mo1 g1c.b,^o 1obg1 c16 9dic.31M1ob6 916 1?bgdM,bd6

Sh 1^2 1b e16 gQ.3b,^o6 5/h /A ’A»p

vd1?.M,o^o6 c. i^mbg1 .gb,3mcd1 7 9g^,b1 1b 6mii^6^o6Ucm, 916 9dî

ic.31M1ob6 D8ÎhE» 3^oom6P c1 ig^9m,b 5shE» o^m6 9^oo1 mo a13b1mg

5«hE» 9^ob c. 3^Mi^6.ob1 ’A 16b ,oda,b.jc1M1ob omcc1p xo 6,Mmc1 9^o3 

3^gg13b1M1ob mo1 g^bmc1 91 3^o6bgm3b,^o M.,6 i^mg g1igd61ob1g mo1 g^bmc1 

ic.6b,um1- ’A 9^,b d0.c1g g ’i p Ro a1gbm 9m ig,o3,i1 91 6mi1gi^6,b,^o- 

,c 16b i1gM,6 9<.C^mb1g mo a13b1mg 5«h» .m a13b1mg 5«hE» i^mg ,o3cmg1 

9.o6 c1 a13b1mg gd.3b,^o 5«hE» c<1tt1b 9m M^M1ob ic.6b,um1

b,otr ' b,1tr X 5«F»-

Fc1 a13b1mg 5« »o<db.ob 1o 9dt,o,b,a1 um1 c<1?ig166,^o 9<mo1 34.g01 

' ’i .iic,umd1 91 i.gb 1b 9<.mbg1 91 c. g^bmc1 b1c um<,ccm6bgd 

7 c. t,0mg1 Apwp

DApeeH

’A



eÎ
U O “
UC

:

’i i^6,b,t 1o j^mb 91 c<dcdM1ob- c1 a13b1mg 34.g01M1obF^mg mo M^M1ob

6mg c1 o^1m9 6<d3g,b!

A,o » ' DS S S
r

U’i»
pa<

Ro mb,c,6.ob càdum.b,^o ApAw- ^o bg^ma1

{FP} = [a] 11 (F }
L

100 ^/^l' 0
- î

*2^1010 MP0 ss

^3^ ^1^0 0 1 -^/^L 0

L-MpJ

)t,o 91 3^o61ga1g um.bg1 3^Mi^6.ob16 .m a13b1mg 34.g01M1ob- ^o d3g,b

<t>3

*2

{FP} = Mp
‘Î’S

^1L

1

F^mg mo1 i^mbg1 .a13 mo1 g^bmc1 ic.6b,um1 7 9g^,b1- c<1?ig166,^o

t^g316U9dic.31M1ob6 16b 9^o3

{Ft*} = [f^*] {<5l*} + {FP} (2.34)



es

^m

E E*Ï
fIe SfIAfcc/I m4I

E EEE 1,SfAA fAefAI’ I
X ’

FEE EE xfeA feeUfeI/A KA

E SAx xx x’A

DApeÎH

(, c. g^bmc1 ic.6b,um1 16b 7 0.m341- on aura

$3* ** *
k13kll k14V1 0

*
010 1M1 0 0 0

+ M
h P* ***

0 k33 k34V2 k31 “2 4>1L

<t>2* ** *
02kA3 k44k41 0M2 ~w

(2.36)

>
*

Les termes k i^mg c16 1?ig166,^o6 ApeÎ 1b Apes 6^ob 31m? 916,C
t U

dum.b,^o6 ApeI 1b ApeA g16i13b,a1M1obp

b!UApVpA F^mbg1 g^bmcd1 .m? 91m? 1?bgdM,bd6 1o tc1?,^o 3^Mi^6d1p

J^o6,9dg^o6 c<dcdM1ob j.gg1 91 c. t,0mg1 ApISp 

M,bd ^ob mo1 a.c1mg igd9db1gM,od1 91 g’i 6<,c 6<.0,b 9<mo1 g^bmc1

r16 M^M1ob6 9<1?bgdU

H 0



e*

ic.6b,um1 ^m 91 2dg^ 6<,c 6<.0,b 9<mo1 g^bmc1 91 3^o6bgm3b,^op
• .î

*4 *4 ^3 ^3
V “l1 2 23 3L L L L

i|>4 $4 i <j>3 $3
V “22 3 3 2 2L L L L

El ?3 93 ?î ?2~M 01 2 2 L 1LL L
413 <(13 <t>2 <i>lM 02 2 2 2L LL L

Cette fois, on a que

V h *2 -*3 *3l>ee] = f CKer] = 779 L^2 h ~*3 *3

[a] s'écrit alorsLa matrice

1

'%

1
[a] =

1 1
L L

1 1
L L

f

et l'on trouve

1 -1$4 - 2<f>3{Kr*} = [A]C [K] [A] = El3L -1 1; :
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2PL (2.21) d’où- 2<}>„ peut s'écrire -
i t-J-

Mais

P P
* L LK S

r
p p
L L

A'S- 1o 3^Micdb.ob c. M.bg,31 i^mg 3^o61ga1g c1 M{M1Pour M. = M1

ordre, on obtient

PP 00V “lL1 L

000 00M 11

PP 00v “2L2 L

00 00 0M 22
(2.37)

P P Mp, l'expression reliant= M = ± et = M = ±Lorsque

les forces et déplacement s'écrit

Mp. 2 21

PP + MM 21P P0 0V “l LL L1
r •

PM00 000M 111
+ P PS

pp + MM0 0 L-“2V 1 2L2 L
L v

P00 0 0 0M M22 2

(2.38)



ew,

P

ApÎ J~)v=R’RGç( RG çv)/RR

r. g16^cmb,^o 9<mo ig^jc■M1 i.g mo1 Mdb4^91 9<dcdM1ob6 t,o,6 3^o6,6b1

7 .iic,um1g 916 34.g016 5«» 9.o6 c1 61o6 916 910gd6 91 c,j1gbd 5s» 1bP

7 bg^ma1g c1 a13b1mg 916 9dic.31M1ob6 gd6mcb.ob6p n.o6 c1 3.6 9<mo1 6bgm3î

bmg1 3^Mi^6d1 9<dcdM1ob6 i^mbg16- j.gg16 ^m M,?b16- c16 910gd6 91 c,j1gbd

mb,c,6d6 6^ob c16 bg.o6c.b,^o6 1b c16 g^b.b,^o6 916 o^1m96 9<1?bgdM,bd

916 dcdM1ob6P b^mb 34.g01M1ob 9^,b 9^o3 {bg1 1?ig,Md 1o b1gM16 91 34.g016
<p/ dum,a.c1ob16 .m? o^1m96p

J.c3mc 916 34.g01M1ob6 9à1?bgdM,bd dum,a.c1ob6pApÎpI

xo i1mb 9dM^obg1g 9.o6 c1 3.6 916 dcdM1ob6 um, o^m6 ,obdg1661ob ,3,-

um1 c16 34.g016 9<1?bgdM,bd 3^gg16i^o9.ob .m? 6^cc,3,b.b,^o6 1o bg.ad1

6^ob 1o t.,b c16 1tt^gb6 9<1o3.6bg1M1ob i.gt.,b ig^9m,b6 i.g 316 6^cc,î

3,b.b,^o6 1o bg.ad1p

G^m6 3^o6,9dg^o6 6m33166,a1M1ob bg^,6 3.6 91 34.g01M1ob 1o bg.ad1p

6^,b c. 34.g01 bg.o6a1g6.c1 mo,t^gMdM1ob 9,6bg,jmd1- c. 34.g01 bg.o6a1gî

6.c1 1b c<1tt1b 9<mo1 a.g,.b,^o 91 b1Midg.bmg1p

ApÎpIpI J4.g01M1ob 9<1?bgdM,bd dum,a.c1ob 7 mo1 34.g01 mo,t^gMdM1ob

gdi.gb,1p

xo 341g341 9^o3 c16 1tt^gb6 9<1o3.6bg1M1ob i.gt.,b i^mg mo1 i^mbg1

6^m6 mo1 34.g01 .?,.c1 1b mo1 34.g01 bg.o6a1g6.c1 mo,t^gMdM1ob 9,6bg,jmd1

i- b1c um<,ccm6bgd 7 c. t,0mg1 ApIIp



VS

r. ig^3d9mg1 6m,a,1 16b ,o9,umd1 7 c. t,0mg1 ApIA! ^o .o.cY61 9<.j^g9

c1 3^Mi^gb1M1ob 91 c. i^mbg1 6mg .iim,6 6,Mic16 6^m6 c1 34.g01M1ob 3^o6,î

9dgd 1b c<^o 9db1gM,o1 c16 g^b.b,^o6 1b SAp 

M.bg,31 91 g.,91mg 91 c<dcdM1ob 91 i^mbg1- ^o 3.c3mc1 c16 M^M1ob6 1b 

’A um<,c t.mb .iic,um1g i^mg g1o9g1 316 g^b.b,^o6 omcc16P 316 M^M1ob6 91 

M{M1 um1 c. 6^MM1 916 3,6.,cc1M1ob6 bg^mad6 3^o6b,bm1ob c16 1tt^gb6 9<1oU

Ro6m,b1- 7 c<.,91 91 c.

3.6bg1M1ob 341g34d6p

On a déjà démontré que

9M
' =t DApeH9?

n.o6 c1 3.6 3^o6,9dgd- c<dum,c,jg1 a1gb,3.c Da^,g t,0mg1 ApIeH 1?,01 um1

/ ' /? U F DU‘tH X i?

1b 1o ^mbg1 um1

' ï Rr/ ' / I A A O

Ro i^6.ob mo1 t^,6 91 icm6

DApVH=) 6
P
gUL

c<dum.b,^o Ape i1mb .c^g6 6<d3g,g1

9M Fr _px_
A=) =) 6 6

| ' DcXEHSt U DApewH



VI

Ro ig1o.ob c. 9dg,ad1 i.g g.ii^gb 7 ?- ^o .

' DIXÙ X =) 0 O9?9?

•Mi^6^o6 M.,ob1o.ob ctdum,c,jg1 916 M^M1ob6!

A
’ ' /cé U FxT X -2|- p

J^MM1- i.g .,cc1mg6

b( ’i

Rc à9?

c<dum.b,^o 9m 9di.661M1ob a1gb,3.c m 1o t^gM1 9,ttdg1ob,1cc1 6<d3g,b

A A[-f <- FDcX‘ DIXhH
ç U |U U  xH ' U U U U U

9 0 i?ï ï Ç -pR•
F DIXEH / DApVSHRc Rc A9?<

5 i L\A .3F IDIXhH c. 6^cmb,^o 16bavec

^7-21 _ skotx ax x + (2.41)Ci cos — + C2 sin — + —
Ij La

03
2 2

1b c. g^b.b,^o- 9dg,ad1 91 c. tc■341 16b

cos r l ^ 81 f l ï9m a n ■ .ér JI (co ~L +
.?Î r r JA DApVAH9? r

r16 3^o9,b,^o6 9<1?bgdM,bd 9^,a1ob M.,ob1o.ob {bg1 9d3g,b16 .t,o

9<da.cm1g c16 3^o6b.ob16 9<,obd0g.b,^op

DIH m ' S 9^ ? ' S

DAH m ' S Ê ? ' r



VA

n1 DApVIH- c<^o b,g1 

ç A
~ ~P ~z D,XhH

F (l+i>) DIU3^6 .H
ü P ^U U U U U U U U U U

JI

JA 6,o .

Ro 6mj6b,bm.ob 316 3^o6b.ob16 9.o6 c<1?ig166,^o 91 c. g^b.b,^o DApVAH

1b 1o ,obg^9m,6.ob c1 b^mb 9.o6 DApewH- c. g^b.b,^o 9m1 7 c. tc1?,^o .m

o^1m9 I 6<d3g,b

ir ir DIU3^6 .H 
6,o a

DApVeHS '
I AF F.

F.g 6YMdbg,1- ^o .

DApVVH1A ' US-

)iic,um^o6 M.,ob1o.ob 916 M^M1ob6 9<1?bgdM,bd 1b ’A 91 t.N^o 

7 .oomc1g 316 g^b.b,^o6p F^mg ' ^m ' S- c. M.bg,31 91 g.,91mg 

DApAAH o^m6 t^mgo,b c16 g1c.b,^o6 6m,a.ob16

U h D Qchc X QA hAH’
I ' DApVÎH
h ' U Ç DSIhA X QAhcH

)ig■6 um1cum16 6mj6b,bmb,^o6- c<^o ^jb,1ob
:

t3
.
A

DIXhH I’I
t, ab.oj Y T

DApVsH

' U’A I



Ve

r16 M^M1ob6 .m? o^1m96 dum,a.c1ob6 7 mo 34.g01M1ob mo,t^gMdM1ob

9,6bg,jmd 6mg mo1 i^mbg1 3^Mig,Md1 DApVsH i1ma1ob {bg1 bg.o6t^gMd6

i^mg c1 3.6 ^ë c<1tt^gb .?,.c 16b 1o bg.3b,^op xo g1ig1o9 i^mg 31c.

c16 6mj6b,bmb,^o6 91 c. 613b,^o ApApe 1b ^o bg^ma1

a
= Eli! 2^ U+<l>)

a4
1M1 , a tanh y

(2.47)

m2= -Ml

(, c. 34.g01 .?,.c1 16b omcc1- ^o mb,c,61 c<1?ig166,^o DApIwH 91
P

c. 613b,^o ApApV 1b .ig■6 .a^,g .iic,umd bg^,6 t^,6 c. g■0c1 91 c<~#i,î

b.c 6mg DApVsH ^o .gg,a1 .m gd6mcb.b j,1o 3^oom

' PLÎ
’I IA

DApV\HirA
’ ' A IA

RcdM1ob .gb,3mcd

r. igd61o31 9<mo1 g^bmc1 7 mo1 ^m .m? 91m? 1?bgdM,bd6 91 c. i^mbg1

.tt13b1 od3166.,g1M1ob c. gdi.gb,b,^o 916 34.g016 dum,a.c1pob16p r1

a13b1mg 34.g01M1ob

D«H ' h ’I /A ’AB

16b bg.o6t^gMd 7 c<.,91 91 c. M.bg,31 g3a ,66m1 91 c. 3^o91o6.b,^o 6b.b,U 

n.o6 c1 3.6 9<mo1 i^mbg1 .gb,3mcd1 7 9g^,b1- ^o .um1p
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{Fr*} = [Vf {F} (2.29)

<f>3V * 1 0 0 21 1
<P2

M. * 00 1 M11

<(>3 _£L*
0 0 1V 22 I

- M :1

xo 1o b,g1 9,g13b1M1ob

EeE
’’ DApVwHI VqI I

*
0’ (

A

p Rb _^LE
/ AI r

od10,, ,
’U- E* ï Rb I/ X |g|AA Br

(, c<dcdM1ob g^bmcd 7 9g^,b1 16b 3^Mig,Md- 91 DApVsH 1b DApVwH ^o bg^ma1- UT

i^mg c1 M^M1ob 7 c<1o3.6bg1M1ob

Î 0 Î A AA b.o
’ E ' h DApÎSH ;b.o .I r. .b.o . £XzH

t
(<,c 16b b1o9m ^o ^jb,1ob

a a 
2 ” 22 tanh

M * = ^ tanh a (2.51)1 a atanh a - U+ilO



VÎ

r^g6um1 c<1tt^gb .?,.c 16b omc- ^o . j,1o 6$g

E ' FIUA
DApÎAH’I \

ApÎpIpA J4.g01M1ob 9<1?bgdM,bd 1um,a.c1ob 7 mo1 34.g01 i^o3bm1cc1

1o bg.ad1p

J^o6,9dg^o6 M.,ob1o.ob mo1 34.g01 i^o3bm1cc1 — .iic,umd1 7 mo1

9,6b.o31 . 91 c<1?bgdM,bd 0.m341 Dt,0mg1 ApIVHp xo 341g341 9^o3 c16I Op

1tt^gb6 9<1o3.6bg1M1ob i.gt.,b i^mg mo1 i^mbg1 6^m6 mo1 34.g01 .?,.c1
,h»<
» t 
l-.V.

1b mo1 34.g01 bg.o6a1g6.c1 i^o3bm1cc1 1o bg.ad1 Dt,0mg1 ApIÎHp

) o^ma1.m- o^m6 mb,c,6^o6 c1 ig,o3,i1 91 6mi1gi^6,b,^o 1b c<dum.î

b,^o DApVH 6<.iic,um1

9m) /c
DApVH| ' D,XEH ef X cr

(

F^mg c. gd0,^o )- ^ë ? 8 . Dt,0mg1 ApIsH- ^o 6.,b um1

9<^ë

9M) —DrU.H| ' DIXEH St U DApÎeH=) r6

Ro 9dg,a.ob i.g g.ii^gb 7 ? c<1?ig166,^o igd3d91ob1- ^o ^jb,1ob



Vs

A9 & 9‘t) ’
A < U D,X‘ if à DIX‘ û9?

’.,6- i.g dum,c,jg1- ’ ' /h? U 31 um, i1gM1b 9<d3g,g1

A9 .H
3 X F9XohH h ' D,XhH D•N.•?

U — DApÎVH9?A Rc ) Rc r

' l/Ip.LW)Ro mb,c,6.ob 1o3^g1 . - c. 6^cmb,^o 16bRc

9. DrU.H ù
Fr

^?
U 3A 6c} r' J- 3^6 DApÎÎHK) I r

1b 6. 9dg,ad1

9mB) ^? — DrU.H 
üFrU•

^? .6,o o X J‘ 3^6 DApÎsH9? Ar rr

Pour la région B, où x > a (figure 2.17), on sait que

= 9S.V = V 2 L

d'où

dwB Qa(i+^) ef + (2.57)dx GAS L

La dérivée

2d to B M2 = - (1+ÿ) 0f = (1+ijj) —
dx

et le fait que

- Puig + Q(x-a) = (x-L) - PtügM = ViX1



Ap

endic.31de M oblrcga.nd i.,,lt1da.1oo1

ime4
0)69 c b Si U/b^7< u?O!D76i/? Io < Io ^

inda og 3noca.nd 3blet.a enHH1 3c.a

( u/b^7 tg/ tO . g/ O6 U? 3 .d Ap 65A p u?O!87en3 ^ ^ 0 ^

Î1 hoc3»

i tOO a S > ' t « ^ ^«
ea/ 6 •g3 .d 6 C v u?Ofï7en3 ^ 0^^ ^i/

•cgat1 end3agda13 ib.dalVtga.nd 3nda inde ghhgtc13R Umb»

1a UObO AU b ^13 endi.a.nd3 i1 ,tnda.-t1 3nda o13 3c.Ngda13R

(1) iüa=0 @x = 0

(2) ws = 0 @ x = L

(3) la flèche est continue en x = a : _xSjK*

uA7 og tnaga.nd ic1 M og ,o1/.nd 13a enda.dc1 1d / S g R ï,xSï,*

_d1 ,n.3 o13 3cX3a.aca.nd3 ,g.a13» nd nXa.1da

S ïU«

S muo6_) uen3 m b gg m O3.d C ena g7U? 0g ^ ^

L ,ae.v) 3od sU b ^« ^

•^b bmuo6..) 3.d CJ ena g u?Of«7^



.V

hgt og 3c.a1» gN1e u?O!<7 1a u?O!f7» nd atncN11a

r Vu^bg7
3.db ^S Q ^bg u?Of?g78« 0 3.d g^

hc.3» gN1e u?O!p7 1a u?Ofï7

t ng3.d C
S Q ^g u?Of?X7ï? 0 6

3.d g^^

Id ,g.3gda Hg.da1dgda .da1tN1d.t o13 lrcga.nd3 ?OA! hnct enddg|at1 

1a B?» o13 HnH1da3 ib1/atlH.al eghgXo13 i1 htnic.t1 i13 tnaga.nd3 

bïm 1a

o.1t 3.Hho1 a1o a = -j , o13 1/ht133.nd3 1/ho.e.a13 hnct 1a B? 3nda

Po 13a inde htl,ltgXo1 i1 3b1d a1d.t M og ,ntHcogÇ

a.nd i1 ïm 1a q? u?Of?7 1a ibca.o.31t o13 lrcga.nd3 ?OA! gN1e i13 NgÇ

o1ct3 i1 ïO anca13 egoecol13O
«

bq?» .o i1N.1da ghhgt1da rcbM Hn.d3 i1 atg.a1t cd eg3 hgta.ecb

,nta 1denHXtgda13O

Id hg33gda M dncN1gc hgt o13 3cX3a.aca.nd3 i13 31ea.nd3 ?O?O< 1a

?O?OA» o13 tnaga.nd3 hnct cd 1,,nta g/.go i1 atgea.nd 3blet.N1da

e gu^bg7
3.dçu^bg7

1. b e Tpi
^

3.dç g^

t gg
3.dç C 

6 3.dç gï S > Q > y
? W0W ^ u?Of<7

1a hnct cd 1,,nta g/.go dco



A8

b L m Zg? b?g^7
«

? ? uoE b gF7 u?OfA7ïY?

s IolH1da gta.ecol

^g htl31de1 ibcd1 tnaco1 gc dn1ci i1 itn.a1 31 atgic.tg.a 1d HnÇ

i.,.gda o1 N1ea1ct eçgtV1H1da lrc.Ngo1da M obg.i1 i1 og Hgat.e1 ■x4 O

{Fr*} = [Â}t {F}

VI 4>30 01 V14>lL

<l>2*
0 10 MM1 1*1

$3•k
0 0 1 V2V2

M2

On obtient

$3+ —=-V * = V 1 1 M2

$2
M * = M - — M 1 1 2^1

î>3kVn = V 2 2 ‘ ^L M2

M * 2 = 0

Id 3nHH1» hnct o1 eg3 i1 oblolH1da 3ncH.3 M cd1 eçgtV1 hndeac1oo1

atgd3N1t3go1 1d atgNl1» o13 1/ht133.nd3 hnct o13 HnH1da3 ib1deg3at1H1da



!ï

hgt,g.a 3nda atnh enHho1/13 hnct rcb.o 3n.a ca.o1 i1 o13 ilN1onhh1t 1a
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0nct o1 htl31da 1/1Hho1Oa.t i1 ogrc1oo1 nd egoeco1tg o13 ,gea1ct3 O 

e1aa1 eçgtV1 g/.go1 0 3bnXa.1da .HHli.ga1H1da hgt .d3h1ea.ndO ^1 egoeco

ic ilhoge1H1da 13a i.t1eaO

r Îbcd1 ,gTnd hoc3 Vldltgo1» hnct cd1 3atceact1 ç:h1t3aga.rc1» cd1

ht1H.-t1 gdgo:31 o.dlg.t1 3b.Hhn31 g,.d i1 ila1tH.d1t og i.3at.Xca.nd

x hgta.t i1 e1c/be.» obnd h1ca gont3 egoeco1t o13i13 1,,nta3 g/.gc/O

en1,,.e.1da3 i1 t.V.i.al i1 eçgecd i13 lolH1da3 1a t13noca.ndd1tO )d

ila1tH.d1 gont3 i1 dncN1gc/ ilhoge1H1da3» i.,,lt1da3 i1 e1c/ i1 obgdgo:31

o.dlg.t1 rc. dnc3 h1tH1aa1da i1 egoeco1t cd1 dncN1oo1 i.3at.Xca.nd i1

,nte13 g/.go13» enHhga.Xo13 gN1e oblaga i1 il,ntHga.nd gaa1.daO Î1 HëH1»

nd h1ca t1ht1dit1 o1 e:eo1 i1 egoeco 4c3rcbM e1 rc1 i13 Ngo1ct3 end3lecÇ

a.N13 i13 ilhoge1H1da3 nc i13 1,,nta3 g/.gc/ 3n.1da lVgo13O

Id 3nHH1» og hn3.a.nd iblrc.o.Xt1 1a og i.3at.Xca.nd i13 1,,nta3 M

ob.dalt.1ct ibcd1 3atceact1 VlnHlat.rc1H1da dnd o.dlg.t1 h1ca 3bnXa1d.t

1d 1,,1eacgda cd1 3lt.1 ibgdgo:313 o.dlg.t13O x eçgrc1 e:eo1 i1 egoeco»
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o1 enHhnta1H1de i1 og 3atceact1 in.a htnVt1331t o1 ondV ibcd1 itn.a1

agdV1da1 M og enctX1 ,nte1bilhoge1H1da ic 3:3a-H1 g,.d ibg33ct1t cd1

^b1,,.ege.al ic htne133c3 ilh1di inde 1331da.1obendN1tV1de1 Hndnand1O

o1H1da i1 og ,gTnd inda 13a Hni.,.l o1 Hni-o1 i1 og 3atceact1 ibcd1

.altga.nd M obgcat1R hoc3 oblNnoca.nd 13a htneç1 ibëat1 agdV1da.1oo1

M og enctX1» H1.oo1ct1 13a og endN1tV1de1O

0oc3.1ct3 Hlaçni13 ibgdgo:31 dnd o.dlg.t1 htne-i1da 31ond e1 3eçlHg

i1 Xg31O Ioo13 31 i.3a.dVc1da o13 cd13 i13 gcat13 cd.rc1H1da hgt o1

3atgagV-H1 1Hhon:l hnct Hni.,.1t og 3atceact1 1dat1 i1c/ .altga.nd3 3ceb

I/gH.dnd3 Xt.-N1H1da atn.3 Hlaçni13R og ht1H.-t1 htneligdae133.N13O

hgt tlg4c3a1H1da VlnHlat.rc1» og i1c/.-H1» hgt egoeco ibcd eçgtV1H1da

gii.a.ndd1o 1a og atn.3.-H1» hgt t.V.i.al i.,,lt1da.1oo1 i13 lolH1da3O

?OpO«O« ôlg4c3a1H1da VlnHlat.rc1O

^g ht1H.-t1 Hlaçni1 13a Xg3l1 igNgdagV1 3ct cd1 ghhtneç1 .dac.a.N1

ic htnXo-H1 rc1 3ct cd tg.3ndd1H1da açlnt.rc1O Ioo1 end3.3a1 M .datnÇ

ic.t1 o13 ilhoge1H1da3 1denctc3 igd3 og VlnHlat.1 i1 og 3atceact1 g,.d

rc1 o13 1/e1dat.e.al3 t13hnd3gXo13 ic enHhnta1H1da dnd o.dlg.t1 hc.331da

1/.3a1t igd3 o1 Hni-o1 1a rcb1oo13 1dV1dit1da o13 1,,nta3 3chholH1dag.t13

xht-3 obgdgo:31 o.dlg.t1 i1 ilhgta» o13 ilhoge1H1da3 nXa1dc3gaa1dic3O

3nda inde g4ncal3 gc/ enntinddl13 .d.a.go13 i13 dn1ci3 1a cd1 gdgo:31

o.dlg.t1 13a 1,,1eacl1 3ct og dncN1oo1 3atceact1 g.d3. il,.d.1O
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_d1 a1oo1 Hlaçni1 h1tH1a e1ta13 cd1 13a.Hga.nd i13 end3lrc1de13

Id ncat1» obgdgo:31 h1ca 3b1,,1eac1t M obg.i1 ibcdi1 ob1,,1a 0bÎ1oagO

htnVtgHH1 ibgdgo:31 o.dlg.t1 3gd3 rcbnd dbg.a M oc. ghhnta1t i1 Hni.,.Ç

ega.ndR .o 3c,,.a i1 t1,g.t1 og VlnHlat.1 ght-3 eçgrc1 3noca.nd 1a i1

t13ncH1aat1 o1 atgNg.oO

?OpO«O? UçgtV1H1da gii.a.ndd1oO

_d1 gcat1 ghhtneç1 gc atg.a1H1da i1 og dndbo.dlgt.al VlnHlat.rc1

ilenco1 i1 og htl31de1» ght-3 obgdgo:31 o.dlg.t1 ic 3:3a-H1» i1 ,nte13

dnd lrc.o.Xtl13 1dV1ditl13 hgt o13 Vtgdi3 ilhoge1H1da3O

_d1 i13 Hlaçni13 ilN1onhhl13 igd3 e1aa1 nha.rc1 end3.3a1 M .datnÇ

ic.t1 igd3 o1 çgca 1a igd3 o1 Xg3 i13 enondd13 cd e.3g.oo1H1da gii.Ç

a.ndd1o inda ob1,,1a 3ct o1 HnH1da i1 ,o1/.nd ib1/atlH.al 13a gdgonVc1

M ob1,,1a 0bÎ1oagO U1aa1 Hlaçni1 g lal ogtV1H1da i.,,c3l1 hgt xigH3 1a

313 enoogXntga1ct3 i1 ob_d.N1t3.al i1 obxoX1tag utl,O pOD7O

0nct o1 hna1gc i1 og ,.Vct1 ?O?A Hndatl 1d hn3.a.nd il,ntHl1» xigH3

let.a rc1 o1 HnH1da M ob1/atlH.al 3chlt.1ct1 13a

B S =^ 6 0xe

nÏ o1 htnic.a 0x t1htl31da1 o1 HnH1da 31endig.t1 1dV1ditl hgt ob1/e1dÇ

at.e.al i1 og ,nte1 N1ta.ego1O Îbgcat1 hgta» o1 HnH1da B 31tg.a i1e
HëH1 .da1d3.al 3. obnd gcVH1dag.a og tlgea.nd çnt.{ndago1 = ibcd1 rcgdb
0xa.al C 1a rc1 obnd ht1dg.a og t1oga.nd B S =^ ca.o.3l1 dntHgo1H1da 

igd3 o13 gdgo:313 nÏ og eçgtV1 g/.go1 db13a hg3 end3.iltl1O
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^1 ht.de.h1 13a 3.Hho1 1a ibghho.ega.nd ,ge.o1R .o 3c,,.a» ght-3

cd1 gdgo:31 endN1da.ndd1oo1 ic ht1H.1t ntit1» i1 egoeco1t o13 e.3g.oo1b
0x hnct eçgrc1 lolH1da 1a i1 end3atc.t1 o1 eçgtV1ÇH1da3 gii.a.ndd1o3 C 

H1da lrc.Ngo1da M og 3nHH1 i1 e13 1,,nta3 atgdeçgda3 hnct ob1d31HXo1 i1

og 3atceact1O )d t1,g.a 1d3c.a1 cd1 dncN1oo1 gdgo:31 gN1e 1d hoc3 i13

1,,nta3 1/a1td13 i1 ilhgta» e1 eçgtV1H1da 31endig.t1R nd tlh-a1 g.d3.

4c3rcbM e1 rc1 o13 ilhoge1H1da3 g.1da endN1tVl M cd1 3noca.nd 3agXo1O

U1aa1 htnelict1» ncat1 o1 ,g.a rcb1oo1 13a g.3lH1da htnVtgHHgXo1

hnct cd egoeco M obnti.dga1ct» n,,t1 obgNgdagV1 Hg41ct 3c.NgdaR 1oo1 d1

t1rc.1ta rcbcd1 31co1 .dN1t3.nd i1 og Hgat.e1 i1 t.V.i.al VonXgo1 ic

3:3a-H1 hc.3rc1 o13 entt1ea.nd3 hnct ob1,,1a 0bÎ1oag 3b1,,1eac1da 3ct

0c.3rc1 ob.dN1t3.nd end3a.ac1 oblbo1 eçgtV1H1da 1a dnd 3ct og Hgat.e1O

agh1 ila1tH.dgda1 3ct o1 a1Hh3 i1 egoeco» og Hlaçni1 ilet.a1 13a inde

Vldltgo1H1da h1c en$a1c31O ^g Ngo1ct i13 tl3coaga3 1a og tgh.i.al i1

endN1tV1de1 3nda .ooc3atl13 1a enHH1dal13 hoc3 on.dO

?OpO«O< ô.V.i.al i.,,lt1da.1oo1O

^13 htnVtgHH13 enHH1te.gc/ o13 hoc3 gc hn.da 1d e1 rc. ende1td1 obgdgÇ

o:31 VlnHlat.rc1H1da dnd o.dlg.t1 ca.o.31da o1 ende1ha i1 og Hgat.e1 VlnÇ

Hlat.rc1O ^g t1oga.nd onego1 ,nte1bilhoge1H1da ibcd lolH1da 3blet.a

(c b '-^j
nÏ R13a og Hgat.e1 i1 t.V.i.al log3a.rc1 il,.d.1 M oblrcga.nd ?O??

gN1e ob1,,nta g/.go 0 lVgo M {ltn 1a W>& Y 13a og Hgat.e1 VlnHlat.rc1OQ

bU/
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x,.d i1 hncNn.t .da1thtla1t hç:3.rc1H1da o1 31d3 i1 e1aa1 i1td.-t1»

dnc3 hg331tnd3 tgh.i1H1da 1d t1Nc1 o13 lagh13 3c.N.13 hnct 3nd ilN1onhÇ

h1H1da HgaçlHga.rc1O ô1Hgtrcnd3 rc1 og ilHgteç1 end3a.ac1 obghhtneç1

eog33.rc1 hnct og ,ntHcoga.nd i.t1ea1 i13 lolH1da3 ,.d.3» a1oo1 rc1 htnÇ

hn3l1 M obnt.V.d1 hgt xtV:t.3O

^1 enHhnta1H1da ibcd lolH1da 13a ilet.a hgt cd dnHXt1 gtX.atg.t1 i1 

Îgd3 o1 eg3 i1 og hncat1» nd g eçn.3. o13 ,o-eç13 

1a enm g.d3. rc1 o13 tnaga.nd3 ïm 1a gc/ i1c/ 1/atlH.al3 u,.Vct1 ?O?7R

i1Vtl3 i1 o.X1talO

r^r
8«

“e^" S
;?

ù?

^1 ilhoge1H1da atgd3N1t3go en i1 anca hn.da o1 ondV i1 oblolH1da in.a ëat1

il,.d. i1 ,gTnd cd.rc1 1d ,ndea.nd i1 e13 rcgat1 Ngo1ct3O ^g t1htl31dagÇ

a.nd og hoc3 3.Hho1 i1 og ,ndea.nd c 13a inde cd hno:d’H1 ecX.rc1
? <6 gé/ 6 gé/ 6 g»/ u?OD!7;oen ? < A

nÏ o13 end3agda13 3blNgoc1da 1d ca.o.3gda o13 endi.a.nd3 3c.Ngda13 

gc/ dn1ci3R

dco
dx S1 en x = 0co

dm = G 
dx 2 en x = Lw
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)d atncN1 inde» 1d hn3gda E, = ~ ,

‘ S u«b< 6 ub}6?}?b<U<7^ï« 6 u<}?b?U<7g7? 6 uy?b}<7^ï? u?ODf7

^blrcga.nd rc. il,.d.a o1 eçgHh i13 il,ntHga.nd3 1d ,ndea.nd i13

ilhoge1H1da3 atgd3N1t3gc/ 3blet.a

8
p i;c
Y F 7~?i/ fi(ë)2 5

ic u?ODp7àbÙR i/

^13 i1c/ ht1H.1t3 a1tH13 X.1d enddc3 t1htl31da1da og il,ntHga.nd g/.go1

1a ,o1/.ndd1oo1 t13h1ea.N1H1da» F lagda og i.3agde1 ic hn.da end3.iltl

M obg/1 d1cat1O ^1 atn.3.-H1 a1tH1 t1htl31da1 ob.da1tgea.nd dnd o.dlg.t1

,o1/.ndb1,,nta g/.goO

^bld1tV.1 i1 il,ntHga.nd 3b1/ht.H1 enHH1

l f 2 
7, S — ) I1 iNi ? y 2 

=

u?ODD7

ob.dalVtgo1 lagda lNgocl1 3ct o1 NnocH1 = i1 oblolH1daO 0gt 3cX3a.aca.nd
Ix OienO A 
A W zi1 u?ODp7 igd3 u?ODD7 1a 1d dlVo.V1gda o1 a1tH1 i1 i1td.1t ntit1

nd ,g.a ghhgtg|at1 0 ob1,,nta g/.goÜ

L

? i1». ? kkI
1 () (-P-) r 6 Io umb47? 6 0 (y") 

i/{ i/
tÜ i/ u?OD87i i/

:

)d t1ht1di Hg.da1dgda og t1htl31daga.nd hno:dnH.go1 ic ilhoge1H1da /n 1a

nd H1a i1 e’al o1 a1tH1 i1 il,ntHga.nd g/.go1 hct1 rc. 13a ibg.oo1ct3

.dilh1digdaÜ nd atncN1 ght-3 o13 Hgd.hcoga.nd3 ibc3gV1» obld1tV.1 inda
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og ,ntH1 rcgitga.rc1 13a

1 ^/7< m a£^Ù^bi S

1d ,ndea.nd i13 i1Vtl3 i1 o.X1tal “fm" gN1e W>&m‘» og Hgat.e1 i1 t.V.i.al 

Id ncat1» .o 13a hn33.Xo1 i1 3lhgt1t o13 a1tH13 ilh1digda3 

i1 0 i1 ,gTnd M e1 rc1 u.1? 3b1/ht.H1 enHH1 og 3nHH1 i1 i1c/ Hgat.e13 

^g ht1H.-t1» Hgat.e1 .33c1 ic i1c/.-H1 a1tH1 i1 ob~rcgb

eç1teçl1O

ndic 8Î

a.nd u?OD87» 13a og Hgat.e1 i1 t.V.i.al çgX.ac1oo1

e b<^ bf^ b<^f
?^? ?<^b<^ ^Io? m̂< bf <^<^ f

?^? J^?b<^ <^

^g 31endi1» ilt.Nl1 ic i1td.1t a1tH1 i1 u?OD87 13a og Hgat.e1 i1 t.V.i.al

i.,,lt1da.1oo1

<f b<^ b<f b<^
A^? ?b<^ <^ b^

m <ï^
b<f <f<^ <^

? A^?b<^ <^ u?O8ï7b^

rc1 uO!D d1

ilh1di» ncat1 ob1,,nta g/.go» rc1 i1 og i.H1d3.nd i1 oblolH1da ibnÏ

UnHH1 1oo1 13a ilt.Nl1 M hgta.t ic 

HëH1 hno:d’H1 rc1 og Hgat.e1 u.1D» nd obghh1oo1 gc33. Hgat.e1 VlnHlat.Ç

rc1 ençlt1da1O

0 13a hn3.a., hnct cd1 ,nte1 g/.go1 i1 atgea.ndO )d dna1

3nd dnH i1 Hgat.e1 VlnHlat.rc1O
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Po 13a .dalt133gda i1 H1da.ndd1t rc1 og Hgat.e1 k&m4 

cd hno:d’H1 ic ht1H.1t i1Vtl hnct og ,o-eç1» 3blet.aR

» Xg3l1 3ct

b« ïï «

ï ï ï ï
u?O8«70■& P

QK ï b«^ « ï

ï ï ï ï O

U1 tl3coaga 13a .i1da.rc1 M oblrcga.nd ?O<p» og Hgat.e1 i1 tg.i1ct

0bÎ1oag ibcd lolH1da X.gta.ecolO

INgocga.nd rcgo.aga.N1 i13 Hlaçni13O?OpO?

_d1 ,n.3 .datnic.a13 o13 atn.3 Hlaçni13 i1 egoeco» .o 3bgV.a Hg.dÇ

a1dgda ib1d enHhgt1t o13 gNgdagV13 1a o13 .dendNld.1da3 1d t1Vgti i1

Xg3l1 3ct oblrcga.nd iblrc.o.Xt1 1/gea1Oog Hlaçni1 htnhn3l1

?OpO?O« ôlg4c3a1H1da VlnHlat.rc1O

^g Hlaçni1 t1oga.N1H1da .dac.a.N1 ic tlg4c3a1H1da VlnHlat.rc1 i1Ç

Hgdi1 o1 HëH1 1,,nta i1 egoeco rc1 og Hlaçni1 \1/gea1\ hc.3rc1 ob.dN1tÇ

3.nd i1 og Hgat.e1 i1 tg.i1ct 13a t1rc.31 M eçgrc1 .altga.ndO Id ncat1»

1oo1 dbn,,t1 gcecd1 e1ta.aci1 rcgda M og endN1tV1de1 i13 tl3coaga3 1a

HëH1 3. obnd gtt.N1 M atncN1t cd1 3noca.nd ghhgtgHH1da 3agXo1» nd 1d

Id 1,,1a» og VlnHlat.1 il,ntHl1 M hgta.t i1 ogb.Vdnt1 og htle.3.ndO

rc1oo1 nd ila1tH.d1 og tlhnd31 .datnic.a i13 i.3enda.dc.al3 gdVcog.t13

1dat1 o13 lolH1da3 ic Hni-o1» 313 i.3ant3.nd3 db1/.3agda lN.i1HH1da hg3
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igd3 og 3atceact1 tl1oo1O Po 13a hgt g.oo1ct3 .Hhn33.Xo1 i1 htli.t1

igd3 rc1o 31d3 u3lect.ag.t1 nc gda.3lect.ag.t17 e13 i.3enda.dc.al3 g,Ç

,1ea1da o1 enHhnta1H1daO

?OpO?O? UçgtV1H1da gii.a.ndd1oO

xc hogd açlnt.rc1» og Hlaçni1 i1 xigH3 lrc.Ngca M og Hlaçni1 i1

t.V.i.al i.,,lt1da.1oo1 gN1e enHH1 hn.da i1 ilhgta cd1 Ngt.ga.nd o.dlg.t1

ic ilhoge1H1da i1 oblolH1daO Ioo1 indd1 ob1,,1a 0bÎ1oag ghho.egXo1 M

og 3atceact1 inda nd end3.ilt1tg.a anc3 o13 lolH1da3 enHH1 i13 Xgtt13O

oblrcga.nd ?O<p ghho.egXo1 M cd lolH1da X.gta.ecol i1 HëH1Id 1,,1a

rc1 oblrcga.nd ?O8« h1cN1da 3blet.t1

0xy 0 »
S ^ uc7? b 

0 »S ^ u;o

=« ^

~ 0x=? ^

e1 rc. t1N.1da M end3.ilt1t cd e.3g.oo1H1da atgd3N1t3go gii.a.ndd1o igd3

o1 eçgtV1H1daO

obgNgdagV1 htlhndiltgda i1 ogUnHH1 dnc3 o1 3nco.Vd.nd3 hoc3 çgca

Hlaçni1 tl3.i1 igd3 o1 ,g.a rcbcd1 31co1 .dN1t3.nd i1 og Hgat.e1 i1 t.V.Ç

i.al 13a t1rc.31O •cgda M og tgh.i.al i1 endN1tV1de1» 1oo1 ilh1di ogtV1Ç

H1da i1 ob.Hhntagde1 i1 og eçgtV1 g/.go1R e1 hn.da ghhgtg|a eog.t1H1da

igd3 og 3noca.nd i1 ob1/1Hho1 i1 og 31ea.nd ?OpO<O

?OpO?O< ô.V.i.al i.,,lt1da.1oo1O

^g Hgat.e1 VlnHlat.rc1 ençlt1da1 htnect1 i1 anca1 lN.i1de1 cd1
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Po 13e .dalt133gda i1 H1da.ndd1t rc1 og Hgat.e1 ■&t4 » Xg3l1 3ct

cd hno:d’H1 ic ht1H.1t i1Vtl hnct og ,o-eç1» 3blet.aR

b« ï ï«

ïï ï ï
u?O8«70

m S ^ « ï b« ï

ï ï Oï ï

U1 tl3coaga 13a .i1da.rc1 M oblrcga.nd ?O<p» og Hgat.e1 i1 tg.i1ct

0bÎ1oag ibcd lolH1da X.gta.ecolO

?OpO? INgocga.nd rcgo.aga.N1 i13 Hlaçni13O

_d1 ,n.3 .datnic.a13 o13 atn.3 Hlaçni13 i1 egoeco» .o 3bgV.a Hg.dÇ

a1dgda ib1d enHhgt1t o13 gNgdagV13 1a o13 .dendNld.1da3 1d t1Vgti i1

og Hlaçni1 htnhn3l1» Xg3l1 3ct oblrcga.nd iblrc.o.Xt1 1/gea1O

?OpO?O« ôlg4c3a1H1da VlnHlat.rc1O

^g Hlaçni1 t1oga.N1H1da .dac.a.N1 ic tlg4c3a1H1da VlnHlat.rc1 i1Ç

Hgdi1 o1 HëH1 1,,nta i1 egoeco rc1 og Hlaçni1 \1/gea1\ hc.3rc1 ob.dN1tÇ

3.nd i1 og Hgat.e1 i1 tg.i1ct 13a t1rc.31 M eçgrc1 .altga.ndO Id ncat1»

1oo1 dbn,,t1 gcecd1 e1ta.aci1 rcgda M og endN1tV1de1 i13 tl3coaga3 1a

HëH1 3. obnd gtt.N1 M atncN1t cd1 3noca.nd ghhgtgHH1da 3agXo1» nd 1d

.Vdnt1 og htle.3.ndO Id 1,,1a» og VlnHlat.1 il,ntHl1 M hgta.t i1 ogÇ

rc1oo1 nd ila1tH.d1 og tlhnd31 .datnic.a i13 i.3enda.dc.al3 gdVcog.t13

1dat1 o13 lolH1da3 ic Hni-o1» 313 i.3ant3.nd3 db1/.3agda lN.i1HH1da hg3
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igd3 og 3atceact1 tl1oo1O Po 13a hgt g.oo1ct3 .Hhn33.Xo1 i1 htli.t1

igd3 rc1o 31d3 u3lect.ag.t1 nc gda.3lect.ag.t17 e13 i.3enda.dc.al3 g,Ç

,1ea1da o1 enHhnta1H1daO

UçgtV1H1da gii.a.ndd1oO?OpO?O?

xc hogd açlnt.rc1» og Hlaçni1 i1 xigH3 lrc.Ngca M og Hlaçni1 i1

t.V.i.al i.,,lt1da.1oo1 gN1e enHH1 hn.da i1 ilhgta cd1 Ngt.ga.nd o.dlg.t1

ic ilhoge1H1da i1 oblolH1daO Ioo1 indd1 ob1,,1a 0bÎ1oag ghho.egXo1 M

og 3atceact1 inda nd end3.ilt1tg.a anc3 o13 lolH1da3 enHH1 i13 Xgtt13O

Id 1,,1a» oblrcga.nd ?O<p ghho.egXo1 M cd lolH1da X.gta.ecol i1 HëH1

rc1 oblrcga.nd ?O8« h1cN1da 3blet.t1
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o1 eçgtV1H1daO

UnHH1 dnc3 o1 3nco.Vd.nd3 hoc3 çgca» obgNgdagV1 htlhndiltgda i1 og

Hlaçni1 tl3.i1 igd3 o1 ,g.a rcbcd1 31co1 .dN1t3.nd i1 og Hgat.e1 i1 t.V.b

•cgda M og tgh.i.al i1 endN1tV1de1» 1oo1 ilh1di ogtV1bi.al 13a t1rc.31O

H1da i1 ob.Hhntagde1 i1 og eçgtV1 g/.go1R e1 hn.da ghhgtg|a eog.t1H1da

igd3 og 3noca.nd i1 ob1/1Hho1 i1 og 31ea.nd ?OpO<O

?OpO?O< ô.V.i.al i.,,lt1da.1oo1O
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3noca.nd hoc3 ,.gXo1 rc1 og Hlaçni1 i1 xigH3O 0gt gdgonV.1 gN1e og

Hlaçni1 i1 ôg:o1.Vç hnct og t1eç1teç1 i13 eçgtV13 et.a.rc13 ibcd1 3atceÇ

act1» nd 3g.a rc1 o1 eçn./ ibcd1 ,ndea.nd ghhtnht.l1 hnct ilet.t1 og

il,ntHl1 13a ila1tH.dgda 3ct og htle.3.nd ic tl3coagaO Po Ng i1 3n.

rcbcd hno:d’H1 ic atn.3.-H1 i1Vtl end3a.ac1 cd1 H1.oo1ct1 ghhtn/.Hga.ndI i1 og enctX1 log3a.rc1 rcbcd1 ,ndea.nd o.dlg.t1O

Î1 og HëH1 ,gTnd o1 htnelil hgt t.V.i.al i.,,lt1da.1oo1 endic.a M

cd1 tlhnd31 olV-t1H1da 1ttndl1 hc.3rc1 og ,ndea.nd ca.o.3l1 hnct atgÇ

.1 ,g.a ib.Hhn31t M oblolH1daic.t1 o1 ilhoge1H1da 13a ghhtn/.Hga.N1O

,ntH1 i1 ilhoge1H1da .d1/gea1 lrc.Ngca M t13at1.dit1 3nd HncN1H1dacd1

^bca.o.3ga.nd ibcd1 açlnt.1 ghhtn/.Hgbinde M o1 t1dit1 hoc3 t.V.i1O

a.N1 indd1tg inde i13 ilhoge1H1da3 3nc3b13a.Hl3 1a» i-3 ont3» cd1 3nocÇ

a.nd ic e’al dnd 3lect.ag.t1O

?OpO< xdgo:31 ibcd hna1gc 1deg3atlO

0nct enHhgt1t rcgda.aga.N1H1da o13 i.,,lt1da13 Hlaçni13 ibgdgo:31

dnd o.dlg.t1» t1ht1dnd3 o1 hna1gc i1 og ,.Vct1 ?O?< 1d oc. inddgda cd1
gçgca1ct i1 «?ï hnce13 1a cd1 .d1ta.1 i1 «ï hnce13 O )d oc. ghho.rc1

cd 1,,nta çnt.{ndago gc 3nHH1a i1 «ïï o.Nt13 uïO« è.h7 1a obnd ,g.a

etn|at1 Vtgic1oo1H1da ob1,,nta g/.goO ^1 Hnico1 i1 mncdV 13a i1

<ï ïïï è.h3EhnmO

^13 tl3coaga3 ghhgtg.331da gc agXo1gc ?O« 1a o1 i.gVtgHH1 1,,nta

g/.gobilN1t31H1da 13a atgel M og ,.Vct1 ?O?!O ^bnd t1Hgtrc1 .HHli.ga1H1da
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og 3.H.o.aci1 i13 tl3coaga3 i1 obgdgo:31 hgt t.V.i.al i.,,lt1da.1oo1

gN1e hno:d’H1 ecX.rc1 gN1e e1c/ i1 obgdgo:31 1/gea1 hgt og Hlaçni1

Î1 hoc3» enHH1 ob1,,nta g/.go 13a enddc i-3 o1 ilhgta»htl31dal1 .e.O

og tlhnd31 3bnXa.1da i.t1ea1H1da» 3gd3 .altga.ndO

Id ncat1» nd nX31tN1 rc1 og Hlaçni1 i1 xigH3 endic.a 1,,1ea.N1H1da

gc HëH1 tl3coaga rc1 obgdgo:31 hgt t.V.i.al i.,,lt1da.1oo1 gN1e hno:Ç

d’H1 o.dlg.t1O U1h1digda» gont3 rc1 og i1td.-t1 Hlaçni1 d1 t1rc.1ta

rcbcd egoeco» og ht1H.-t1 i1Hgdi1 cd dnHXt1 .Hhntagda ib.altga.nd3 hnct

^1 dnHXt1 ib.altga.nd3 dle13bendN1tV1t 1/gea1H1da M og Ngo1ct ,.dgo1O

3g.t13 3blo-N1 ibgcagda hoc3 rcbnd 3bghhtneç1 i1 og eçgtV1 et.a.rc1 ic

Po ,gca 3nco.Vd1t» ibgcat1 hgta» rc1 hnct o13 i1td.1t3 e:eo13hna1gcO

i1 egoeco 3nc3 cd1 Ngo1ct ib1,,nta g/.go inddl1» oblegta 1dat1 o1 tl3coÇ

aga enctgda 1a og Ngo1ct ,.dgo1 ,.Vctgda gc agXo1gc ?O« 13a at-3 H.d.H1O

0gt 1/1Hho1» hnct 0 lVgo M <ï è.h3» og Hlaçni1 ic e.3g.oo1H1da gii.a.ndÇ

d1o 1/.V1 8 .altga.nd3 hnct gaa1.dit1 o1 ilhoge1H1da i1 ïO<f8 hnce1 egoÇ

ecol gN1e obghhtn/.Hga.nd o.dlg.t1 i1 og t.V.i.al i.,,lt1da.1oo1 Hg.3 nd

nXa.1da cd ilN1t31H1da i1 ïO<!ï hnce1 ght-3 31co1H1da A lagh13 i1 egoeco

e1 rc. og.331 cd1 HgtV1 i1 endN1tV1de1 i1 31co1H1da !ÊO

?OpOA Iaci13 i1 3agX.o.al log3a.rc1O

^g dndbo.dlgt.al VlnHlat.rc1 ic enHhnta1H1da i13 3atceact13 13a

latn.a1H1da o.l1 gc/ hçldnH-d13 i1 ,ogHXgV1O Po 3c,,.a i1 end3aga1t M

og ,.Vct1 ?O?! og htnVt133.nd Vgonhhgda1 ic ilN1t31H1da gc 3nHH1a ic
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hna1gc ont3rc1 ob1,,nta g/.go ghhtneç1 i1 og eçgtV1 et.a.rc1 ibIco1tO

^blNnoca.nd i13 ilhoge1H1da3 ,nctd.a inde cd Xnd gh1tTc i1 oblaga i1

3agX.o.al ont3rc1» enHH1 igd3 ob1/1Hho1 i1 og 31ea.nd htleli1da1» .o

1/.3a1 cd1 h1tactXga.nd eghgXo1 i1 H1aat1 1d lN.i1de1 o13 Hni.,.ega.nd3

9 i1 e1a laga igd3 o1 31d3 ibcd g,,g.Xo.331H1da i1 og 3atceact1O

Bg.3» ont3rc1 og 3atceact1 13a 1d laga iblrc.o.Xt1 d1cat1» enHH1da

ila1ea1t o1 ,ogHXgV1 3b.o db13a gHntel hgt gcecd1 .Hh1t,1ea.nd .d.a.go1

nc gcecd1 gea.nd ogaltgo15 £. hgt 1/1Hho1» o1 hna1gc hgt,g.a1H1da itn.a

i1 og 31ea.nd ?OpO< db13a 3ncH.3 rcbM cd1 eçgtV1 g/.go1 etn.33gda1O gcecd

ilN1t31H1da d1 h1ca ghhgtg|at1 M ob1/atlH.al o.Xt1 HëH1 hnct cd1 ,nte1 0

X.1d gcbi1oM i1 og eçgtV1 et.a.rc1O ^1 egoeco ic ila1tH.dgda i1 og HgÇ

at.e1 i1 t.V.i.al 0bÎ1oag ,nctd.a cd .di.ega1ct 1/e1ha.ndd1o 1d e1 31d3O

^bld1tV.1 hna1da.1oo1 VonXgo1 ibcd 3:3a-H1 3b1/ht.H1 enHH1
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gN1e =» o1 atgNg.o ,nctd. hgt o1 eçgtV1H1da “à"O ^1 eçgtV1H1da 13a 3chÇ

hn3l end31tNga.,» eb13abMbi.t1 rc1 = d1 ilh1di rc1 i13 hn3.a.nd3 .d.Ç

a.go13 1a ,.dgo13» dnd hg3 ic atg41a ic hn.da ibghho.ega.nd i1 og eçgtV1O

0nct cd1 3.acga.nd iblrc.o.Xt1 3agXo1» o1 ht.de.h1 i1 obld1tV.1

H.d.HcH dnc3 ghht1di rc1 og ht1H.-t1 ilt.Nl1 ic hna1da.1o 13a dcoo1
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hnct o1rc1o oblrc.o.Xt1 13a 3agXo1» o1 ila1tH.dgda g dle133g.t1H1da cd1
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Chapitre 5

Etude d'un pylône haubané



)0^

-re eoggOlne 1re .cCpre d3lcrppre 1r nldpegOln 1M3prlCcr 4cColrpn 

gdlÎc .re enlobnolre .re g.oe cpn3lreedpnre 1dpe .MOgnc8or 1o gl3erpn

nldvdc.| .r 4dcn 8oMc.e eOcrpn bOÎgOe3e 1M3.3Îrpne 3.dpb3e gOol .d g.ogdln

eO..cbcn3e rp bOÎglreecOp7 .rol bOp4rln C3p3ld.rÎrpn op bOÎgOlnrÎrpn C3OT

Î3nlc8orÎrpn pOp .cp3dclra Rr g.oe7 .Mr44cbdbcn3 enlobnold.r 1re g«.—pre

er vOo.dpn OgncÎd.r 3ndpn 1Opp3r .rol glO1obncOp rp Cldp1 pOÎilr7 .re

4dbnrole 1r e3bolcn3 eOpn dgg.c8o3e do pcvrdo 1re bVdlCrÎrpne rHnrlpre rn

.r 1cÎrpecOpprÎrpn ren 4Op13 eol op bd.bo. enlobnold. J .M3ndn .cÎcnra

-d bOpbrgncOp 1re g«.—pre rHcCr 1Opb op r44Oln dpd.«nc8or g.oe gOoee3 8or

br.oc 8oMOp gOlnr J .d Îd“Olcn3 1re enlobnolre lrpbOpnl3re 1dpe .d gldncT

8or 1o C3pcr bcvc.a

Ddl dc..role7 op reedc 1r bVdlCrÎrpn rp vldcr Cldp1rol ren r44rbno3

eol op glOnOn«gr dvdpn 8or pr eOcn .dpb3r .d 4dilcbdncOp rp e3lcra -re

.rbnolre rHg3lcÎrpnd.re d.Ole Oinrpore bOpencnorpn 1Opb 1re gOcpne 1r

lrgÇlr 4cdi.re doH8or..re .re l3eo.ndne dpd.«nc8ore grovrpn "nlr bOÎgdl3ea

-r gl3erpn bVdgcnlr gl3erpnr 1Opb op bde 1Mdgg.cbdncOp gldnc8or 1o

-d enlobnolr 3no1c3r ren .r g«.—pr 1MdpC.r Ff»^<»- 8ocglOCldÎÎr DRb->Na

erld onc.ce3 gdl )ME«1lO»2o3irb eol ere .cCpre 1r nldpegOln J nlÇe Vdonr

nrpecOp ,h6_ uSm rp glOvrpdpbr 1r .d Kdcr ZdÎrea

A. bOpvcrpn 1r pOnrl7 1Çe .r 13gdln7 8or brlndcpre pOp».cp3dlcn3e rp

g.oe 1r .Mr44rn D»Rr.nd7 Opn 1ë "nlr glcere rp bOpec13ldncOp 1dpe .Mdpd.«era

xrgrp1dpn7 bOÎÎr pOoe .r vrllOpe7 bre cp4.orpbre d11cncOppr..re Opn 3n3



)_<

cpn3Cl3re 1dpe .d bOp4cColdncOp cpcncd.r 1r .d enlobnolr rn .Mdpd.«er

pOp .cp3dclr d rpeocnr 3n3 r44rbno3r 1r .d 4d’Op pOlÎd.r J .Mdc1r 1o

glOCldÎÎra

_a) Rb(xyAD>Aç* Rb -N (>yWx>Wyb

-r g«.—pr Ff»^<»- ren op Îsn 1r )9< gcr1e 1r Vdonrol lOno.3 a ed

ider rn Îdcpnrpo .dn3ld.rÎrpn gdl 1roH Vdoidpe glcpbcgdoH dnndbV3e eol

eOp dHr vrlncbd. a )6< gcr1e 1o eO.a RroH Vdoidpe erbOp1dclre7 4cH3e

J opr bOpeO.r ecno3r do pcvrdo ))6 gcr1e7 deeolrpn .d endic.cn3 nOlecOp»

pr..r 1o g«.—pra -d nrpecOp 1dpe .re bOp1obnrole vcrpn eMdgg.c8orl do

gOcpn 1MdnndbVr 1re Vdoidpe glcpbcgdoH| J bdoer 1o bVdpCrÎrpn 1r 1clrbncOp

1r .d .cCpr 8oc gron ic4ol8orl 1Mop dpC.r d..dpn “oe8oMJ ^< 1rCl3e7 

4Ol=r eO..cbcndncOp VOlc\Opnd.r rp g.oe 1r .d bOÎgOedpnr vrlncbd.r eMrHrlbr

opr

-r bsi.r 1r Cdl1r 8oc eMdnndbVr nOon J 4dcn do eOÎÎrn 1r .drp br gOcpna

enlobnolr rpCrp1lr .oc doeec 1re l3dbncOpe VOlc\Opnd.re rn vrlncbd.rea

-d bOpeO.r eog3lcrolr J )0j gcr1e 1r Vdonrol erln 1r eoggOln doH bOp1obT

nrole 8oc 1Ocvrpn "nlr 13vc3e .Obd.rÎrpn gOol deeolrl op 13CdCrÎrpn eo4T

4cedpn 1r bre bsi.re J .d enlobnolr 1Mdbcrla

Wp 1reecp 1o ÎO1Ç.r enlobnold. nldb3 gdl Ol1cpdnrol ren gl3erpn3 J

çp « nlOovr .Mc1rpnc4cbdncOp 1re 1c443lrpne pcvrdoH rn 1re.d 4cColr _a)a

nlOp’Ope 1o Îsn dvrb rp g.oe opr 1reblcgncOp 1o bVdlCrÎrpn dgg.c8o3 .Ole

1r .d ecÎo.dncOp 1o bVdlCrÎrpn ÎdHcÎd. 1r C.dbr eol .re bOp1obnrole .Ole

1o nren rp vldcr Cldp1rola
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_a/ Rb(xyAD>Aç* RW fçRb-b N*N-L>A2Wb

-d C3OÎ3nlcr OlcCcpd.r 1r .d enlobnolr7 .re glOglc3n3e 1re Îdn3lcdoH

rn 1re erbncOpe7 .Mc1rpnc4cbdncOp 1re 3.3Îrpne rn .d 1reblcgncOp 1o bVdlT

CrÎrpn eOpn 4Oolpce J .Mdggrp1cbr Na6a

-re ÎrÎilolre glcpbcgd.re 1o ÎO1Ç.r dpd.«nc8or eOpn bOpec13l3re

bOÎÎr 1re gOonlre bOpncpore‘ .role ÎOÎrpne 1Mcprlncr eOpn 1Opp3e eocvdpn

.re dHre glcpbcgdoH 1r .d erbncOp7 1Opb 1dpe opr 1clrbncOp nOolp3r 1r

0_ 1rCl3e gdl ldggOln J .MOlcrpndncOp 1re erÎr..rea -re bOpnlrvrpnrÎrpne7

Rdpe .MdonlrgOol .rol gdln7 eOpn lOno.3e donOol 1r .MdHr 1re iOo.Opea

g.dp7 bre bOlpcÇlre eOpn eoggOe3re rpbdenl3re doH ÎrÎilolre glcpbcgd.rea 

-Mdbcrl d op ÎO1o.r 1M3.dencbcn3 1r /^7<<<7<<< .i?gO!a

-re Vdoidpe glcpbcgdoH 1Mop 1cdÎÇnlr 1r ) 6?)9 gOobr eOpn ecÎo.3e

bOÎÎr 1re idllre 1lOcnre pr gOee31dpn 8oMopr lcCc1cn3 dHcd.r7 

3.denc8or7 4Oolpc gdl .r 4dilcbdpn7 ren 4cH3 a )^7_<<7<<< Ai?gO! ndp1ce 

8or .rol erbncOp 1Mdbcrl ren 1r )a0j gO!a

-rol ÎO1o.r

-re Vdoidpe erbOp1dclre pr

grovrpn "nlr cpnlO1ocne dvrb .rol v3lcndi.r ldc1rol dHcd.r edpe 8oOc7 c.e

1rvcrp1ldcrpn 4OlnrÎrpn bOÎglcÎ3e 1dpe .Mdpd.«era N4cp 1r gd..crl J brn

cpbOpv3pcrpn nOon rp bOperlvdpn bre bsi.re 1dpe .r ÎO1Ç.r7 .rol ÎO1o.r
/3.denc8or ren 1Opp3 bOÎÎr ) Ai?gO a 

Vdoidpe eOpn gOecncOpp3e 1r .d Î"Îr 4d’Op 8or .Ole 1r .d Îcer J .M3glrovr

-re gOcpne 1MdpbldCr 1r nOoe .re

do idpb 1Mreedca

-re bOp1cncOpe 1Mdggoc J .d 4Op1dncOp rÎg"bVrpn nOonr nldpe.dncOp 1r



)_/

.d ider 1o Îsna -d 4lcbncOp 13vr.Ogg3r 1dpe brnnr lOno.r ren gdl dc.T

.role eo44cedpnr gOol gl3vrpcl rp br gOcpn7 opr lOndncOp donOol 1r .MdHr

Rre lrenlrcpnre eOpn 1Opb cpbOlgOl3re do ÎO1Ç.r 1r 4d’Op svrlncbd.a

lrgl3erpnrl bOllrbnrÎrpn br eoggOlna

*bxb((A>b RMW*b b>WRb Rb( xç**bBAç*( b* -NKçyN>çAyb_a6

Wpr dpd.«er 1o ÎO1Ç.r 13blcn 4on r44rbno3r J .Mdc1r 1o glOCldÎÎr

-re 13g.dbrÎrpne Oinrpoe J .d glrÎcÇlr rn .d erbOp1r cn3ldncOpeDRb->Na

eOpn c..oenl3e rp nldcn 4cp J .d 4cColr _a/ eOoe 4OlÎr 1r 4.ÇbVre lr.d»

xr..re»bc 4olrpn bd.bo.3re bOÎÎr .re 13vcdncOpe .dn3ld.re 1o Îsnncvrea

gdl ldggOln J opr .cCpr “OcCpdpn .r gcr1 1r .d enlobnolr rn .r gOcpn brpT

nld. 1r .d ider 1r .d g«ldÎc1r 8oc eoggOlnr .re Vdoidpe glcpbcgdoH rn .re

bOp1obnrolea -re 4.ÇbVre lr.dncvre bd.bo.3re J gdlncl 1re OierlvdncOpe

rHg3lcÎrpnd.re dggdldceerpn 3Cd.rÎrpn J .d 4cColr _a/a

-re l3eo.ndne 1r .Mdpd.«er pOp .cp3dclr Îdl8oÇlrpn Îdpc4renrÎrpn opr

dÎ3.cOldncOp eol broH 1r .Mdpd.«er 1o glrÎcrl Ol1lr Îdce pr gdlvcplrpn gde

J lrp1lr bOÎgnr 1re 4dcne 1Mopr 4d’Op ednce4dcedpnr| .d 1cebOpncpocn3 dpCoT

.dclr nlÇe prnnr J .d Vdonrol 1r j< gcr1e pr 4on gde lrglO1ocnr rn .d

bdÎilolr C.Oid.r lrend rpbOlr 4OlnrÎrpn eOoe»rencÎ3ra

Ddl .d eocnr7 .re cÎgrl4rbncOpe 1r .d enlobnolr7 bMren»J»1clr .re

13vcdncOpe 1o ÎO1Ç.r c13d.ce3 onc.ce3 1dpe .Mdpd.«er gdl ldggOln do glOT

nOn«gr l3r. Opn 3n3 Îcere rp bdoera A. 1rvrpdcn d.Ole cÎg3ldnc4 1r bdldbT

n3lcerl bre cÎgrl4rbncOpe dnnlciodi.re doH bOpprHcOpe iOo.Opp3re d4cp 1r



)_6

.re cpbOlgOlrl J op ÎO1Ç.r 8oc grlÎrnnr 1r ecÎo.rl d138odnrÎrpn .r bOÎT

gOlnrÎrpn 1o g«.—pra

Wpr 3no1r rHg3lcÎrpnd.r rH3bon3r do .diOldnOclr 1r enlobnolre 1r

.MbbO.r DO.«nrbVpc8or gOol )ME«1lO»2o3irb gOlnd 1Opb eol .re 1roH glcpT

bcgdoH n«gre 1MdeerÎi.dCre onc.ce3e 1dpe .re g«.—pre bOpencno3e 1r glOT

4c.3e rp -| c. eMdCcn 1re 3b.ceere 1dpe .re ÎrÎilolre glcpbcgd.re rn 1re

bOpprHcOpe 1re 1cdCOpd.re dvrb .re ÎOpndpnea DOol bVdbop7 1re C.ceerÎrpne

cp3.denc8ore dnnlciodi.re J .d nO.3ldpbr 1r ÎOpndCr 1r )?)9 1r gOobr rpT

nlr .r iOo.Op rn .r nlOo eOpn dggdloe b.dclrÎrpn rn opr 3vd.odncOp 8odpT

ncndncvr d 3n3 dvdpb3ra

-MrHgOe3 rp bOole bOpbrlpdpn dvdpn nOon .d pOp».cp3dlcn3 C3OÎ3nlc8or

1r .d enlobnolr J .M3no1r7 .d glcer rp bOpec13ldncOp 1re r44rne cp3.deT

nc8ore7 nOon rp 3ndpn cp1cegrpedi.r gOol opr gl31cbncOp “oenr 1o bOÎgOlT

nrÎrpn7 1rÎrolr p3dpÎOcpe dbbreeOclr 1dpe .r bd1lr 1r br nldvdc.a -d

gl3erpndncOp 1r .d pdnolr 1re gV3pOÎÇpre cp3.denc8ore erld 1Opb vO.OpndcT

lrÎrpn dil3C3r rn .re .Oce 1r bOÎgOlnrÎrpn erlOpn cp1c8o3e 1r 4d’Op c13dT

.ce3ra W.n3lcrolrÎrpn7 .d nrbVpc8or rÎg.O«3r gOol cpn3Clrl bre cp4.orpbre

J .Mdpd.«er erld cp1c8o3ra

_a0 F-A((bfb*>( A*b-N(>A2Wb( RN*( -b( xç**bBAç*( KçW-ç**bb(

_a0a) bb.ceer 1dpe .d ÎrÎilolr glcpbcgd.ra

-r ldbbOl1rÎrpn rpnlr .re glO4c.3e 4OlÎdpn .re ÎrÎilolre glcpbcgd.re



)_0

1Mop g«.—pr ren c..oenl3 J .d 4cColr _a6 1r Î"Îr 8or .Md44dceerÎrpn

cp3.denc8or 8oMOp « d Oierlv3 .Ole 1re reedce rp .diOldnOclra -d .Oc

13blcvdpn .r C.ceerÎrpn dHcd. bOÎgOlnr nlOce g.dCre 1cencpbnre| opr

glrÎcÇlr l3CcOp ebV3Îdnce3r gdl .r nldcn çN cp1c8or 8oMdobop ÎOovrÎrpn

cp3.denc8or pr eolvcrpn rp»1r’J 1Mopr bVdlCr 1Opp3r bOllregOp1dpn J .d

l3ecendpbr 4lcbncOppr..r 1r .MdeerÎi.dCra -d vd.rol 1r br eroc. 1r C.ceT

erÎrpn bOllregOp1 1Mdc..role nlce icrp J br..r 8oMOp gron bd.bo.rl rp

eMcpegcldpn 1r .d 4OlÎo.r 1r .d erbncOp )6a)/a) 1o bO1r Nx*çy ()9a) »

)^h0 ,l34a )9m lr.dncvr J .d bdgdbcn3 1re deerÎi.dCre gdl 4lcbncOp l3dT

.ce3e dvrb 1re iOo.Ope N»6/_a -re 13g.dbrÎrpne lr.dnc4e er 13vr.Oggrpn

rpeocnr .cilrÎrpn7 edpe doCÎrpndncOp 1Mr44Oln opr 4Oce vdcpbo .r 4lOnnrT

Îrpn endnc8ora Doce7 .d glOClreecOp ic4ol8or do gOcpn K gOol eocvlr opr

1lOcnr 8oc erÎi.r d.cCp3r eol .r gOcpn < J .MOlcCcpr 1re dHrea -Md..olr

debrp1dpnr 1r .d lr.dncOp 4Olbr»C.ceerÎrpn rpnlr .re gOcpne K rn x lrT

4.Çnr .Mrpnl3r rp dbncOp glOClreecvr 1re iOo.Ope J Îreolr 8or .d bVdlCr

eMdbblO;na -r bVrÎcprÎrpn 1r .d bOolir 1dpe brnnr nlOcecÇÎr gVder 1o 13T

g.dbrÎrpn ren 1Opb glreblcn gdl .d gOecncOp cpcncd.r 1re iOo.Ope lr.dncT

vrÎrpn doH nlOoe rn gdl .re 13vcdncOpe g.oe Oo ÎOcpe d.3dnOclre 1re nlOoe

J .rol gOecncOp nV3Olc8or eol .re gcÇbre rp bOpndbna

_a0a/ xOpprHcOp 1re 1cdCOpd.re do ÎOpndpna

-d 4cColr _a0 ÎOpnlr opr dnndbVr 1r 1roH gcÇbre 1r bOpnlrvrpnrÎrpn

J .d ÎrÎilolr glcpbcgd.r 4OlÎdpn op 1re ÎOpndpne 1Mop g«.—pra -d 1reblcgT

ncOp CldgVc8or 1o C.ceerÎrpn cp3.denc8or 1re 1cdCOpd.re lr.dncvrÎrpn J .d
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ÎOovrÎrpn cp3.denc8or cÎgOe3 J opr 1cdCOpd.r eMOincrpn gdl .r ldceOpprT

Îrpn eocvdpn| rp bOpec13ldpn 8oMdo 13gdln .re iOo.Ope eOcrpn endncencT

8orÎrpn gOecncOpp3e do brpnlr 1re nlOoe7 .r C.ceerÎrpn rpbOolo J bVd8or

pOro1 er bVc44lr J )?6/ 1r gOobr eOcn .d ÎOcnc3 1r .d .cÎcnr 3ndi.cr

F.Oid.rÎrpn7 .McÎgrl4rbncOp glO1ocn 1Opb eol bVd8or.Ole 1re nrenea

gcÇbr 1r bOpnlrvrpnrÎrpn eO..cbcn3 do»1r.J 1r eOp eroc. 1r C.ceerÎrpn7

opr vdlcdncOp dggdlrpnr 1r .OpCorol 1r )?)9 1r gOobra Rr g.oe7 3ndpn

1Opp3 8or .r gV3pOÎÇpr eMdbnod.cer J 1re brpndcpre 1MrHrÎg.dclre J .McpT
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J .d ÎO«rppr ObbdecOpp3 1dpe opr 1re gcÇbre gdl opr gOecncOp cpcncd.r

134dvOldi.r erld bOpnlrid.dpb3 1dpe .re bOlpcÇlre d1“dbrpnre gdl op C.ceT

erÎrpn l31ocna Ncpec7 .r blcnÇlr 1Mop “ro ÎO«rp 1r )?)9 1r gOobr erÎi.r

dbbrgndi.r gOol bdldbn3lcerl .McÎgrl4rbncOp l3eo.ndpn 1re C.ceerÎrpne 1r

1cdCOpd.rea
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lrencno3r Îdce br..r 8oc d 3n3 rpCrp1l3r gdl .re C.ceerÎrpne rpbOoloe 1rT

Îrolr goce8oMc. pr er glO1ocn dobop lrpvrlerÎrpn 1Mr44Oln eoebrgnci.r 1r

Wpr pOovr..r ÎOpn3r 1re bVdlCre 8oc eMdl»4dclr lrvrpcl bre ÎOovrÎrpnea

lrnrpdcrpn do pcvrdo ÎdHcÎoÎ dnnrcpn gl3b31rÎÎrpn lr1Opprldcn J .d enlobT

nolr .d Î"Îr 134OlÎ3r 4cpd.r Oierlv3r .Ole 1o glrÎcrl b«b.r 1r Îcer rp

bVdlCra

-r bOÎgOlnrÎrpn 1o g«.—pr nr. 8oMc. vcrpn 1M"nlr 13blcn rn 8oc d 3n3

bOp4clÎ3 J .MrHdÎrp 1re .rbnolre rHg3lcÎrpnd.re7 eoCCÇlr 1MrÎi.3r opr

A. eMdCcn 1r lrglO1oclr .d C3OÎ3nlcr 1r .d enlobnolrdgglObVr dpd.«nc8ora

nr..r 8oMr..r er gl3erpnr eOoe eO..cbcndncOp po..r dglÇe op b«b.r 1r bVdl»

xrnnr bOp4cColdncOp l3eo.ndpn 1o 13g.OcrÎrpn 1r nOoe .re ÎOovr»CrÎrpna

Îrpne cp3.denc8ore bOpencnor d.Ole op 3ndn 1r 134OlÎdncOp l3ec1or..r J

gdlncl 1o8or. .r bOÎgOlnrÎrpn 1rvcrpn opc8orÎrpn 3.denc8ora N br ÎOÎrpn7
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gdlcncOp 1re ÎOovrÎrpne cp3.denc8ore ren Oinrpor rp cÎgOedpn doH 3.3Îrpne

.re d..OpCrÎrpne Oo .re ldbbOolbceerÎrpne dggdlrpne ceeoe 1re d“oenrÎrpne

1c443lrpncr.e 13blcne J .d erbncOp _a0a -d Î3nVO1r nOonr cp1c8o3r gOol

glO1oclr 1dpe .re gcÇbre bre vdlcdncOpe 1r .OpCorol bOpecenr J eOoÎrnnlr

.re 3.3Îrpne 1o ÎO1Ç.r J 1re bVdpCrÎrpne 1r nrÎg3ldnolra bp onc.cedpn

1Mopr gdln .re l3eo.ndne dpd.«nc8ore 1Opn pOoe 1cegOeOpe 13“J gOol rencT

Îrl .Mcpnrpecn3 rn .r erpe 1re r44Olne 1dpe .re ÎrÎilolre rn7 1Mdonlr

gdln7 .re .Oce 1r C.ceerÎrpn Oinrpore rp .diOldnOclr7 .re bVdpCrÎrpne

nVrlÎc8ore bdgdi.re 1r ecÎo.rl .re ÎOovrÎrpne cp3.denc8ore vOo.oe grovrpn

"nlr dce3Îrpn bd.bo.3ea Wpr dpd.«er .cp3dclr ren d.Ole r44rbno3r rn .d

-d 4cColr _a_ cp1c8or .Md..olr 8or glrp1134OlÎ3r l3ec1or..r ren Oinrpora

.r g«.—pr Ff»^<»- J brnnr 3ndgr‘ .re pOovr..re bOOl1Opp3re 1re pOro1e eOpn

1Opp3re J .Mdggrp1cbr Na6a Doce8or brnnr bOp4cColdncOp pr l3eo.nr 8or 1Mopr

e3lcr 1r ÎOovrÎrpne .cilre7 .M3ndn ren edpe bOpnldcpnr rn .re l3dbncOpe

Oinrpore 1dpe .re 3.3Îrpne 1Ocvrpn "nlr cCpOl3rea

*OnOpe 8or .d “oenreer 1r .d 134OlÎ3r l3ec1or..r bd.bo.3r 13grp1

reerpncr..rÎrpn 1r .M3bdln rpnlr .re r44Olne dHcdoH 1dpe .re gcÇbre

Oinrpoe 1r .Mdpd.«er gl3.cÎcpdclr rn .re v3lcndi.re r44Olne nlOov3e do

Ddl rHrÎg.r7 ec .d glrÎcÇlr dpd.«er cpTnrlÎr 1o glObreeoe 1r bd.bo.a

1c8or 8oMopr 1cdCOpd.r ren eO..cbcn3r rp»1r’J 1r eOp eroc. 1r C.ceerÎrpn

rn 8or .Mdpd.«er 4cpd.r .oc dnnlcior op r44Oln eog3lcrol do eroc.7 bMren
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1rvcrpn 1Opb p3breedclr 1Mr44rbnorl op pOovrdo b«b.r bOÎg.rn 1r bd.bo.

ec .MOp 13bOovlr J .d 4cp 1o glrÎcrl 8or .re 13g.dbrÎrpne cpz.denc8ore

Opn 3n3 cpbOllrbnrÎrpn dgg.c8o3ea
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nc8ore‘ .r 13vrlerÎrpn nOnd. 1r .d enlobnolr eOoe opr eO..cbcndncOp 1Opp3r

ren 1Opb .d eOÎÎr 1re 13g.dbrÎrpne 3.denc8ore bd.bo.3e rn 1re 13g.dbrÎrpne

cpcncdoH 13nrlÎcp3e gl3b31rÎÎrpna
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-d bOp4cColdncOp l3eo.ndpn 1r .McÎgOecncOp 1re C.ceerÎrpne7 .d 134OlÎ3r

l3ec1or..r7 ren c..oenl3r J .d 4cColr _a/a -re 134OlÎ3re .cp3dclre rn pOp

.cp3dclre bd.bo.3re a gdlncl 1r brnnr C3OÎ3nlcr cÎgdl4dcnr eOpn 3Cd.rÎrpn

nldb3rea (Oo.cCpOpe 8or .r 13nrlÎcpdpn 1r .d Îdnlcbr 1r ldc1rol ren gOecT

nc4 do nrlÎr 1r .Mdpd.«era

çp pOnr 1Opb .Mcp4.orpbr cÎgOlndpnr 1re pOp».cp3dlcn3e C3OÎ3nlc8ore

eol .r bOÎgOlnrÎrpn 1o g«.—pra Ddl dc..role7 .d gl31cbncOp 1r bdÎilolr

Oinrpor dglÇe 1roH cn3ldncOpe ero.rÎrpn .Ole 1r .Mdpd.«er D»Rr.nd eMdvÇlr

lrÎdl8odi.rÎrpn bOp4OlÎr doH OierlvdncOpe 1r .Mreedc rp vldcr Cldp1rola
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-d 1cenlcioncOp 1re 4Olbre 1dpe .re 1cdCOpd.re 1re 4dbre nldpevrlT

ed.re 1o Îsn ren ÎOpnl3r do ndi.rdo _a)a -d bVdlCr o.ncÎr 8or grovrpn

eoggOlnrl .re gcÇbre ren bd.bo.3r bOp4OlÎ3Îrpn do 1rvce 1r bOpbrgncOp 1r

)ME«1lO»2o3irb lr.dnc4 doH g«.—pre J nlrc..ce gOol .re .cCpre 1r nldpeT

cre l3eo.ndne cp1c8orpn 1Opb 8or .re bOÎgOedpnre 1r .d enlobnolrgOlna

eOpn d138odnrÎrpn 1cÎrpecOpp3re gOol l3ecenrl do bVdlCrÎrpn cÎgOe3a -d

ÎrÎilolr .d g.oe eO..cbcn3r ren .d 1cdCOpd.r K..7 ecno3r do ide 1r .d

ld..OpCr| r..r eoggOlnr op r44Oln bOllregOp1dpn d ^hî 1r .d bdgdbcn3

pOÎcpd.r bd.bo.3r rp 4OpbncOp 1r .d bOpnldcpnr 1Mdggoc 1dpe .r nlOo 1r

-re 1cdCOpd.re 1o nlOp’Op AS ,g«ldÎc1r cp43lcrolrm pr eoebcnrpniOo.Opa

dobopr cp8oc3no1r7 .d g.oe bVdlC3r 1Mrpnlr r..re7 •c.7 bOperlvdpn opr

l3erlvr 1r )/îa 2odpn doH bOpnlrvrpnrÎrpne 1o nlOp’Op AAA ,g«ldÎc1r

eog3lcrolrm7 .re •/6 rn •/0 lrgl3erpnrpn .re ldggOlne r44Oln?l3ecendpbr

ÎdHcÎd 1r <a^/ rn <a^6 lregrbncvrÎrpn| .rol bdgdbcn3 ren bOpnl—.3r gdl

.r 4.dÎidCr 3.denc8or 1Mbo.rla -re ÎOpndpne eOpn 3Cd.rÎrpn ednce4dcedpne

goce8or .r g.oe bVdlC3 1Mrpnlr roH7 ecno3 do pcvrdo j< gcr1e “oenr do»

1reeoe 1o 1cdgVldCÎr7 rpbdceer )j6 ucge7 br 8oc lrgl3erpnr opr ÎdlCr 1r

)hî gdl ldggOln J ed bVdlCr blcnc8or 1r /)_ ucgea

Wpr dpd.«er eOoe )<_î 1o bVdlCrÎrpn rHnrlpr 1Opn .re l3eo.ndne pr

eOpn gde gl3erpn3e cbc7 d gdl .d eocnr 3n3 Îrp3r d4cp 1r bOllOiOlrl .d

bVdlCr 1Mr44Op1lrÎrpn 1o g«.—pr Oierlv3r .Ole 1r .Mreedc rp vldcr Cldp1rola

xrnnr dpd.«er l3v3.d op 3ndn 1r eolbVdlCr 1dpe 8or.8ore bOÎgOedpnre pOT

ndÎÎrpn K..7 •/6 rn •/0 8oc 1rvcplrpn eO..cbcn3re J )<6î7 )</î rn )<0î

çp bOp4clÎd dcpec .d lognolr 1o glOnOn«gr 1Mreedc1r .rol bdgdbcn3a
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S'v HxIH

!Svn^ S 6x7Yv<|! 
_ n n x nüvïSv|Î 
_HH_ nüvïSv|Î

S'v HxIA EÎ~Sv< ëA
S'v HxI) 
S'v HxIx

DO 7C01 1=1,M
7 C C 1 WRITE(81> I ,MINC(I , 1 } ,MINC(I,2) c * * * *
Ç* *

C
C 7. CALCUL DE LA LARGEUR DE BANDE
n
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S'v HxI- 
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S'v H_p- 
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WRITE ( I U,2 02 0) NNC,NEC,NECT 
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IF ( INC.EQ.O) GO TO 47 
N I = NI+1NC 
DO 4ü J = M , NF , I NC
I CQNT=ICONT +1
WRITE (10,2022 ) J » N2 » F
N 1= IF I X l J ,N2 )
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pH nüvïSv|Î
<ü _HHI AYA6v<<( 
n•Î^S 7Y n • v^ A 7

_ n n I nüvïSv|Î
n

S'v H.-) 
S'v Hpx_ 
S 'v n.xe 
S'v Hpxp 
S 'v HpxR 
S'v Hp--

SC ^vÎn/Î‘/ü7 On ïn _HAA 
<ü _HAH AYA6vÎn 
» Y !ï EZ ^ S — A » 
v A Y ! S vn ^ » 6 A 7
v) Y !S vna»6)7
vx Y !Svn^» — x A

S'v Hp-I 
S'v HpIH 
S 'v HpIA 
S 'v HpI)

v_Y!ïEZ^S—)7
veY!'Înï^»7
X !Y !Z ï ^ ve 7
<( Y <' ‘Eï^ ^nü|E^v )6 A 7DnnnE^vA6 A 7 7— ^nnüE^v)6A7DnüüE^vS6A77

N ^nüüj^v)6) 7 D nüüE^vS 6 )7 7 —znnnE^v )6)7DnüüE^v A6)77
N^nüüE^v)— x7DnnnE^vS 6x7 7 — ^nnnE^v) — x7DnHHE^vS — x77 7

A
)
SC ^Sï\ji/Î>/)/üE/S ï\jÎ/În/_é On ïn _HAp
(Eüï^e7YvEîï= »7*AHHHH
(E2ï^A7YvEH ï i»7*AHHHDAH—(Enï^e7
( Eüï^)7YvE2ï= »7* AHHDAHH—(EHï^e7DAH—(Eüï^A7
( E H ï^x}YvEüï^»7*AHDAHHH—(Enï^e7DAnn—(Enï^AéDAH—(Eüï^)7 
( Eé ï^_7YvEüï^»7DAHüHn—(Eüï^e7D(HH H—(Enï^S7DAHH—(Eüï^)7

S'v HpIx 
S'v HpIe 
S'v HpIp 
S'v HpIR 
S 'v HpI- 
S'v HpII

DAH—(EHï^x7A
S'v HRHH 
S 'v HRHA 
S'v HRH) 
S'v HRHx 
S'v HRH_

L 2 = 2* N4 - 1 
L1=LR0T(L2 ) 
L2=LRQT(L2+1 ) 
GO TÜ 4017

_HAp (AYA
S'v HRHe 
S'v HRHp 
S'v HRHR 
S'v HRH- 
S'v HRHI

() Y A
_HAR nüvïSv|Î 

S ’Y _Dv_ 
S vY _N v_ 
S 'SOvÎ Y xD)—v_

n
SC ^EïEZ^S6)7 /În/n/H 7 nZ(( |vSC

<~n6E ï E Z^ S 6A 7 6Îzv!7 6O^v!76\■S^ve6v_76Z■\^veFv_76 
<(M(a—()6j^»7 6 nnnE^! — A76nnnE^vA — )76nnüE^vS6x7 

nüüE^v)6a76nnnj^v)6)76nnnE^v)6x76 
nüüE^vx — A7—nnüE^v x6)76nüüE^vx6x76 
nüj — H 7

^ Sï\jÎ6vSïÎE6S'SOvÎ6n6S'v HRAH
A
) —
x
_
e
SC ^EïEZ^A6)7 /vÎ/H/n 7 nZ(( jnvnï ^S ï\jÎ6vS ïÎE6S ' SOvÎ6H6 

<~n6EïEZ^ A6A7 6 E ï E Z^ A6)76
Î^v!7 6O^vv7 6\■S ^ve6v_7 6Z■\^ve6v_7 6 
<(6(A6()6j^»76nnHE^vA6A76nnnj^vA6)76nünE^vS6xS6 

nüüE^v)6A 7 6nnnE^v)6)76nüüE^v)6x76 
n‘üE^vx6A7—nnnj^vx— )76nnnE^vx6x76

S'v HRA)
A
)
x
_
e



A-R
e n<< F H7

n
ï 'v HRA_ 
$ v HRAp

SC ^vj(Zv/Î‘/ü7 Oü ïü eOxe 
vpY(Îj(Zv^Mèaa6Sj(Zvivj(Zv7

S-v HRAR 
S 'v HRAI

SC ^v?/Îù/ü7 Oü ïü enx_
<H‘^.7Y<G<^p7D<<<^A7— ^nOnE^vS 6) 7Dnnnj^vp6) 7 7 

N <<H^)7sF^nnnE^vA6A7DnnnE^vp6A77a
S 'v HR)H 
S'! nR)A 
S 'v HR)x

eHx_ vpY(Îj(Zv=v)6Sj(Zv6vj(Zv» 
SC ^vp/Î‘/H7 Oü ïn enxe
HnH^A)7YGH<^A)7DH<H^R7F^nHHE^v)6)7DnnnE^vp6)77

N <<ü^-7—^nHHE^v)6A7DnnüE^vp6 A 7 7A
S'v nR)_ e n x e nüvïSv|Î

n
S'v HR)e 
S 'v HR)p 
S 'v HR)R

<ü ‘iü AH SS Y a6. 
S’A Y SCSh^vA 6A S 7 
S’) Y SCSh^v)6 SS 7
SC ^S’A/vÎ/H7 n•Î^S’A7Yn•Î^ S’A7NHnn^ SS 
SC ^S’)/vÎ/H7 n•Î^S’)7Yn•Î^ S’)7N<<n^S A N p7 

_HAH nüvïSv|Î 
_nAA nüvïSv|Î

7S'v HR)- 
S ' v HRxH 
S'v HRx) 
S'v nRxx

n
SC zvÎnï/Î‘/ü» Oü ïü eHxIS ' v HRx_

S 'v HRxp 
S'v HRxR 
ï 'v HRx- 
S'v HRxI 
ï 'v HR_H 
S 'v HR_A

DO 5038 1=1 » N T E M P 
N 1= IT EMP( 1, 1 )
INC = I TEMPI I ,2 )
NF= I T EMP( 1,3)
F =T EM P ( I )
DO 5037 J = NI,NF,INC

S 'v HR_) 
S'v HR_x 
S ' v HR__ 
S'v HR_e

vA Y !S vn^» 6 A 7
v)Y!Svn^» 6) 7
vxY!Svn^» 6x7
<( Y <' ‘Eïz znüüE^v)6A7Dn‘üE^v A6 A 7 7—^nnHE^v)6 A 7DnîüE^vS6 A7é

N ^nü‘Ezv)6)7DnOnE^! 6)7 7 — ^ nnüE ^ v)6) 7DnüüE ^ vA6) 7 7
N^n‘üE^v)6x7DnünE^va6x77F^nnnE^v)6x7DnüüE^va6xa7 7

A
)

S'v HR_p 
S ' v HR_R 
S'v HR_-

v eY !' În ï^»7
v!Y !Z ï^097
nZ(( ï•ÎE! ^Îav!71n<ï^v!é6Zh^ve76C6ü(6

CÜQR(N1 ,1 ) »CCQR(N1,2 ) ,CCCR(N1»3) , 
COOR(N2,l),CCOR(N2,2),CCCR(N2,3) ,0C0,1 )

1
2

I S N C749 DO 5036 11=1,3
S'v nReH 
S'v HReA 
S'v HRe) 
S'v HRe_ 
S'v n R ep 
S'v n R e R

S’A Y SCSh^vS 6 S S 7
S’) Y SCSh^v) 6 S S 7
SC |’a/vÎ/é7 n•Î^ S ’S 7Yn•Î^ S’A 7N<nn^ SS 7 
SC zS’)/vÎ/H» n•Î^S’) 7Yn•Î^S’)7D<Hn^ S S 7 

eHxp nüvïSv|Î
enxR nüvïSv|Î 

S'v HRe- eHx- nüvïSv|Î 
enxI nüvïSv|ÎS'v HReI
n

'ü(|ïSüv Îï ïÎ'ï nÎ nüv’ÎEOÎvnÎC 12
Q

ISM 0760 CALL SEAND ( C H E , Q Ç , N Ç Ç L , N 9 h )
S ' v HRpA 
S 'v HRp) 
' v H R. x 
S 'v HRpe 
S'v n RpR 
S “v H Rp -

v 5 ï ÎEYvS ï ÎE NA 
S'2jïY^vSïCEDSïÎE7—SjnÎ( 
SC ^S 'üEï/Î ‘/H 7 Oü ïn _HAx 
SC ^vSïÎE/Î|/A7 Oü ïü p) 
<n .a AYA6v<<(
"C ^2ZJ$^2<^ S 7 7 /(ï/n/nnA7 Oü ïü pA
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S'v HR g n 
A$v HRRA 
ï ' è9 H R R x 
'v HRR_

<<ï Y (Zë'^üùa S 7D<^S 7 7DnZp'^nnv’“<<^ S } 7 
5 C ^ (üï / Oï /H/H 7 On ïn p) 

pA nnvïSv|c 
5 ' b ^ ï Y H

S'v HRRe 
A'v HRRp 
S'v HRRR 
S ' v H R R -

Oj ïü _HAx 
p) üj _HDA) AYAF v<j( 
<^S 7 Y <<^ S 7

_HA) nüvïSv|Î
l
n 12.4. EXPAiMSION CU VECTEUR DEPLACEMENT
C

ISN C77<5 
ISN 0780 
ISN 0781 
ISN 0782 
ISN 0733

_HAx v A Y H
<ü p_ AY A F v
S S Y vD S N A 
<ü px »DA6p 
» »Y RD»

S'v HR-_ 
S'v HR-e 
S'v HR-p 
S'v HR-R 
Ü'v HR-I 
S'v HRIA

! Y vA NA 
v)Y.6:vDva N a 
veYSC Sh^ A S6»» 7
SC 60•u4tu<C <<^v)7Yn/n 
SC ^ve/Oï/H» <<^v)7Yn<^ve7 

px nüvïSv|Î
S'v HRI) p_ nüvïSv|Î

n
S'v n RI x 
S'v HRIe 
S'v HRIp 
S'v HRIR

SC ^vjSZv/Î‘/H 7 On ïü eH_A 
<ü pH_H A Y A F vj(Zv 
v S Y S j(Zv ^A6A7
v C Y S j ( Z v^ A6)7

S'v HRIp 
S'v HRII 
S'v H-HH 
S'v H-HA 
S'v HpH) 
S'v üjHx

N 3 ■= N I +1
DO 5040 J = N3 » NF 
N^o*1 (NI-1) +1 
N2= N1+1 
N6=N1+6 
N4= 6* ( J-D-t-l

S'v H-H_ 
S'v H-He 
S'v H-Hp 
S'v H-HR 
S'v H-H-

v9e Y vi N a
<<^v_7Y<<^vS7D<<^vp7—^nnüE=»6)7Dnnnj^vS6)77 
<<^ vp » Y << ^ v) » N<<^ vp 7 —k = nüüE ^ » 6 A 7DnünE ^ v A6 A 7 7

eH_H nüvïSv|Î
eH_A nüvïSv|Î
n
n Ap/ nZ(n|( <Î' ÎCCüEï' ZhSZ|h
n

S'v H-HI 
S'v H-AA 
S'v H-A) 
S'v H-Ax

SC ^ S'üEï/Î‘/ü7 Oü ïü _HA_ 
<ü pe AYA6! 
vAY !Svn^ A6A7
v) Y !S vn^ S /) 7

S'v H-A_
S'v H-Ae 
S'v H-Ap 
S'v H-AR 
S'v H-A- 
S'v H-AI

v eY ’6 ' Î n ï ^ S 7
v9!Y!Zï ^ ve 7
X12 =COORlN2,1)-COCR(M , 1) 
V12=C0QR(N2,2J-C0CR{N1,2) 
Z12=C00R(N2,3J-COCR(Nl,3)
<( Y <'‘Eï^ hA)FhA )DiD\a )“\A)D—D■A)—■A) 7

S'v H-)H 
S'v H-)A 
'v H-))

v AY .— ^ v AD A 7
v)Y.—^v)DA7
j=S 7 Y Î^v!7—Zh^ve7—^ hA)—^<n^v)NA7Dnn^vA N A 7 7

N\A)—^<<^v)N)7D<H^vaN)77
N ■A)—^ Hn^ v) N x aDnn ^!Nx 7 S »*<(*<(

A
)
pe nüvïSv|ÎS'v H-)x



A-I
n
n ~/ <Îj(ZnÎ!Îvï' <Î' vüÎ|<'
n

'v H-)_ _H A_ v pY A j <Î ( —vS ïÎE
S'v H-)e 
S'v n-)p 
S'v H-)R 
S'v H-)- 
S 'v H-xH 
S'v H-xA

v)Y A
vx Y ‘

_HAe vx Y vx NeH
SC ^vx/Oï/v7 vxYv
~ESïÎ ^AH6)HAI7 vünn6^SïSïEÎ^ S7 6AYA6Ae7 
~ESïÎ ^ AH6)H)x 7 vp

n
S'v H-x) 
S'v H-xx 
S'v H-x_ 
S'v H-xe 
S'v H-xp

<ü pp SYv)6vx 
v A Y H—^SDA 7
' AY<< ^ ! A 7
' )Y <<^vA N )7
' xY n<^vSNx7

S 'v H-xR 
S'v H-x- 
S'v H-xI 
S'v H-_H 
5 'v H-_A 
S 'v H-_)

S4=DDlNl+4)
S5=DD (NH-5)
S6=DD(NI+6)
~ESïÎ ^ SO 6 ) H)ù 7 S6'S6 ')6'x6'_6'e6'p 

pp nüvïSv|Î 
v)Yv)NeHI

S'v H-_x SC ^v)/(Î/v7 Oü ïü _HAe
n

Ae/ EÎZnïSüv' <Î' Z j w| S ' Î(Z'ïSn|Î'n
n

S'v H-_e 
S 'v H-_R

SC ^vEÎ'/Î‘/ü7 Oü ïn Rn 
~ESïÎ ^AH6)H)R7 vp

S'v H-_- 
S'v H-_I 
S'v H-eH 
S'v H-eA 
S ' v H-ex 
S ' v H - e _

<O .I vA Y A6vE Î' 
<ü pR AYA6v
<ü .R » Y A6p
SC ^SCSh^ S6»7 /Î‘/ S<SEÎ'^va7» On ïn p- 

pR nüvïSv|Î 
px S AYpF^ ADA7N»

S ' v H-ee 
S ' v H-ep 
S'v H-eR 
S 'v H-e-

C Y D<<^S S7—EÎ'^vS7
~ESïÎ ^AH6)H)x7 vS6 S 6 »6 C 

pI nüvïSv|Î 
1C nüvïSv|Î

n
S'v H-eI SC 6,gt^au4tu<U Oü ïO RA
S'v H-pA 
S'v H-px

S C ^v ,a4fu0i/ A 7 Oü ïn _HH- 
RA nüvïSv|Î

n
a./ EÎZnïSüv' Îv ëü|ï <Î' Î(Î!Îvï' 

Îï Z !SDjüEïÎÎ
n
n
n

S 'v H-p_ 
S'v H-pe 
S'v n - Hp 
S'v H-pR 
S'v H-pI 
S'v H-RH

» Y A
X YH

R- X YX N p -
SC |/Oï/!7 v/ Y !
~ESïÎ ^AH6)HAI7 vnnn 6 ^ S ïSïEÎ^ S 7 6 A Y A6Ae7 
~ESïÎ ^|6 ) H) I7 vp 

n
n a./a/ EÎZnïSüv' n|Î' Z|h <Îj(ZnÎ!Îvï'
n

A 'v H-RA 
S'! H-R) 
S'v H-Rx

DO 77 I = J , <
N 1 = M I NC ( I , 1 ) 
N2=MINC(I,2)

tusu ■
>!
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S'v n - R_ 
S'v/9 H-R e 
S'v n-Rp 
I S\ 08 7 7

v xD!Mvna S F x7
v eY !' Înï ^ M 7
v v9Y ’Z ï ^ ve 7
j( Y <'‘jï^ ^)<<^^v)i A 7 DnüüE^vS 6 A 77— ^nnüE^vg6A7DnHéE^vS6(7 7

N ^ n22I ^ v)6 ) 7 Dn2üE ^vA 6)}7SQS^nnüE^v)6) 7DnüüE^ !a 6 )7 7
N ^nH2E^v)6x7DnnnE^! 6x7 7 — ^ nnnQ^v)6x7DnnüE^vS 6 x 7 ) )

SE ^SaïV4u4Ruo 7 On ïü _HA- 
SC ^S ï\jÎ/ÎO/) 7 On ïn _HAI 
(j<ï= e7YvEüïa A7*AHHnn 
(Eüï A A 7Y vEüïi S 7* AHHHD AH—(Eüï^e 7

A
)

S'v H-R- 
S'v H-x n 
S'v H-x) 
A'v H-xx
S'v H-x_
S'v H-xe 
S'v H--p

(Eüï^ )7 Y v E H ï 0*anHDann—aEnïae7DAH—(Enï^a7
(Eüï^x7YvEüïzA7*AHDAnnn—(Enï^e 7DAHn—(Enï^ A7DAH—(EOï^)7 
(E2ï^_7YvEîï^S7DaüüüO“(Eüï^e7DAHHH—(EHï^A7DAHH—(EHï^)7 

D AH—A/ Eüï ^ x7A IS'v H--R 
S'v H---

Oü ïü _H)H 
_HA- ( E H ï^oUYA

S'v H--I 
S'v H-IH 
S'v H-IA 
S'v H-I) 
S'v H-Ix

(jüï^x7YA
_HAI (EHïz)7YA 
(Eüï^ AAYA

_H)H nüvïSv|Î
nZ(( jü|ïEÎ ^ SaïV4cvS ïÎE6Î^v! 7 lO^vv 7 6Zh^ve7 6Z)\^ve6)7 6 

Z■\^ve 6 A 7 6A
h»^ve76\■S^ve6(S6\■S^ve6)76<(6j^S7FZ(CZ6 
nüüESva1A71nnüE^!6) 7 innnE^vA6x é6
n nüE^v ) F A7 6nnnESv)6)7 6nnnj^v)6x76
nüüE^vx6A76nünE^vx6) 7 6nnHE^vx6x »6
(Eüï6A 6 jïX7

)
x
_
e
p

S'v H-I_ S ’ M ~p—^v A DA 7
S'v H-Ie 
S'v H-Ip 
S'v H-IR 
S'v H-I- 
S'v H-II 
S'v HIHH

S \) Y.— ^ v)DA 7
00 72 N4=1,6 
N6= IM1+N4 
ODD(N4 
N6= IM2 + N4 
CDD (Nh + o^DDI N6 )

7 Y<H^vp7

S'v HIHA 
S'v nIH) 
S'v HIHx 
S'v HIH_ 
S'v HIHe 
ï'v nI‘p

R) nüvïSv|Î
<n Rx vp Y A6 A) 
EÎZnï^v?7YH/H 
<ü Rx v_YA6 A)
EÎZnï^vJ7YEÎZnï^vp7NjïX^vp6v_ 7—<<n^v_ 7

Rx nüvïSv|Î
n c

n aJ/)/ EÎZnïSüv' <|Î' Z|h ’ZESZïSüv' <Î ïÎ!jÎEZï|EÎ
n

S'v HIHR 
S'v HIHI 
S'v nIAH

SC ^vÎnï/Î‘/ü7 Oü ïü enen 
<ü eH_- vpYA6vïÎ!j 
vCYSïÎ!j^vp6x7

S'v HIAA
S'v HIAx 
S'v HIA_ 
S'v nIAp 
S'v nIA R 
S'v HIA-

IF (I .GT.NF J GO TC 5C4S
N I=ITEMP(N6,1J
IF ( I .LT.NI ) GO TO 5048
I NC=IT EMP(N6,2 )
DO 5047 N4 = NI ,NF,INC 
IF (I .EQ.N4) GO TC 5C49

ISN C 92 0
S'v n I )A 
ï'v HI)) 
S'v nI)x 
S'v HI)_ 
S'v HI)e

eH_R nüvïSv|Î
e n _ - nüvïSv|Î
Oü ïü eHeH

e n _ I CYÎ^v!7—Zh^ve7—n<ï^vv7—ïÎ!j^vp7 
EÎZnï^A7YEÎZnï^ A 7NC 
EÎZnï^R7Y EÎ Zn ïzR7DC Z
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ISN C926 5050 CONTINUE

n
M Ap/x/ EÎZnïSüv' <|Î' Z|h n•ZEOÎ' Îv ïEZ’ÎÎ
n /

S'! nI)R 
S'v HI)- 
S'v nIxH 
S'v HIxA 
S'v nIx) 
S'v nIxx

S('|E ) Y H
SC ^vÎn/ÎH/HA Oü ïü Rp

_H)A vpYA
_ n ) ) <ü R_ SSYvp 6vÎn 
v_Y !ï EZ S AA6A7
SC ^v_/Î‘/S7 Oü ïü Re

S'v HIxe 
S'v nIxp

R_ nüvïSv|Î 
Oü ïü Rp

n
S'v HIxR 
S'v HIxI

Re SC ^vù/vÎ/A/üE/('|E)/Î‘/H7 Oü ïn _H)x
nZ(( jü|ïEÎ zS ï\ jÎ6v SïÎE6ü<<^A76<ün^)76ü<<^x76ü<<^R76

<nü^- 7 é A
) <ü<^I 76H HH) 6ü<< x6HHH-6HHHI6H/HHH6 

H/HHH6H/ünn6H/HHH6 
H/HHH6H/HHH6H/HHH6 
H/HHH6H/HHH6H/HHH6
(Enï6I6jïX7

A
x
_
e
p

S'v HI_H S ('|E ) Y A
S'v HI_A 
S'v HI_) 
S'v HI_x 
S'v HI_e

DLSUR2=DL/2.0 
X=0.0
SC ^vSïÎE/vÎ/A7 hY Z ( C Z^ A 7
~n^ A7YC('|E)^A 6EÎZnï ^x7 6EÎZnï^e7 6EÎZnï5R7 6h6 
HHHx6G|<I6<(6n/üüO6Î^v!7 6\■S ^ve6 A7 7

Sj^ Sï\jÎ/OÎ /x 7
UYH/H
SC ^vSïÎE/vÎ/A7 hYZ(CZz)7
~n^)7YC('|E)^DA6EÎZnïz)76EÎZnï^p76jÎZnï^R76h6 
HHH)6ü<<'6ü(6n/nnü6Î^v!76\■S^ve6)77

A
S'v H“_H Oü ïn eHeA
S'! HI_- 
S'v HI_I 
S'v HIeA

A
S'v HIe) 
S'v HIex

On ïü pHe) 
eHe A ~ n^)7YH/H

S'v HIe_ 
S'v HIee 
S'! HIep 
S'v HIeR 
S'v HIe- 
S'v n Ie I

eHe) nüvïSv|Î 
C~^ A7YH/H 
C~^)7YH/H 
‘ ^ A 7 Y H/H 
‘ ^)7YH/H 
‘ h ^ A 7 Y H/H

S'v HIpH 
S'v HIpA 
S'v HIp) 
S'v HIpx 
S'v H I. _ 
S'v HIpe

‘ha)7YH/H 
_H)x v_Y!ïEZ^AA6)7 

S ’ Y ‘NDv_ 
S \ Y _ N v _ 
S ' S OvÎ Y xD)“ v_ 
( ) Y ) Y v_D A

S'v HIpp 
S'v HIpR

( AY (EOï^() 7 
()Y(Enï^()NA7

n
H .>d C(În•Î Z<<SïSüvvÎ((Î Z \SDjnEïÎÎ
n

S'v HIp- SC 6^a?r6,,->Uu0iutu)U Oü ïü _H)_
S'v HIRH nZ(( |vSÎ ^Sï\jC6vSïÎE6S 'SOvÎ6('|j) Fn~n6

EïEZ^ SS 6A7 6C ^ v \7 6O^v!76\■S ^ve6v_7 6Z■\^ve6v_76 
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ti 3i 89

m

n
.cl ,,9A 
.cl t n 9 8 
.cl ,,99

8, c 4 /c . l»rbO 1 b
cb 4 /c.l»rbO1bbb)/O m 
c(4/c.l»rbO1bb9)/Om

m

n
.cl n n 9 6 
.cl ,,9e

n 4/nnc»r6O1b m
/ 4 8g, bMld c .brn0Ag,m0bOdbbc

n
.cl ,,9 { 
cl n,9I 
.cl n n 9 > 
.cl ,,9p 
.cl n ,6,

8e d». A4 bO 1 b brMl d c . b c0b O 1 bbn m )/ 
/».84bO1bbrbO1b 
d».94d».Afd»Î8 
3 »1 A4r 9)/O0cs)cmb1)d 
3»a 84r0b)iO'cb)c m b 1)d

0Mldc . bc m )i
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! S N r'r'4 1 
ISN CCh2 
T S'» °0 43 

SN ^044

wl= iTHEL*PHll+THE2*PhI2l^E^Xl/OL 
^2- ( THEl^PHlZ+THEZ^PHID^E^XI/DL 
0 = ( Ml + Vi2) /DL
V i = -P*D/DL-ü

I SN 0043 
ISN C 046

V2=-i-“A/ÜL + D
IF (I BAR.E - .0 ) GO TO ICO

C
C gg diM3oa oi3MOaa0aCnbc3oaa
n

. c l nn6 9 3 1 rO8ga7g. m tn 3; 9 n

.cl V^,e , 

. c l n ,e . 
îcl n n e8 
. cl nne9 
.cl nne6 
.cl in ee

d 4 h .
h A |
l^8 4 0 / 
P 4 ü«
- A4 - 2
V 2= /

U

V
. cC nne• 
.cl n n e I 
.cl ,ne? 
.cl r'r^q 
. c C C 06 0

9, n 4 d»A9)d». .)/O 
/ 4 d ».8)d».A 
o -. 4- Î0Ç0nbh8 
dh. 4hg A 0<bh8 
d-84-80nbh8

. c C ii•Î 

.cl id D9 

.cl n nD6 

.cl nnDe 

.cl inDs 

.cl nnDI

.\ rO 8 g a 
h. 4 ,g , 
h800o hÎ
- O 4 o-8
- 804 o -. 
ti 3M A,,

Am ti 3i 9e

.cl n ,D > 

.cl nnDp 

.cl n,I, 

.cl ,,IA 

.cl ,,I8

9e 6 « 4 oh.
h84,g,
- A4 o - A 
-8 4 o-8 
ti 3i A,,

n
V diM3oa L 1iona b!.bOa lMOOa’ ’
n

.cl ,,I9 

.cl ,nIe 

.cl ,,ID 

.cl ,,II

6, .d r. (bogaMgA m ti 3i e, 
hA 4 1bbb9b()MO)/O 
h8401bbbbb9)/O)/O 
tn 3* •i

.cl n n I > 

.cl n,9 n 

.cl ,,9A 

.cl ,,98 

.cl ,,99 

.cl n n 96

e, .1 x O8ga<gAm tF 3n ee
/ 4 b
b 4 9

ee hÎ4rbbbbb'8g,bbb/Ob/O09g,bbbbb/Omb1)8g,)/O)/O 
h84Fg,
.1 rO8ga5gAI ti 3n D,

.cl ,,>D

.cl in>I 

.cl ,,>>

b 4/
h840h A 
çÎ4,g,

n
.cl nn 9 p
?«3 EV•E

D, d4rhA'h8m)/O 
-A401bD)/O0/

.cl ,,pA - 8 4 01Lb)/O ' /
n

cl nn p8 
.cl ,,p9 
.cl ,|p6

.ni -A4hA|.c.tla 
h84h8b.c.tla
.1 rObh(/bg1ig, m ti 35 AA, 
d»drA m 4 -A.cl^ in pD



8,p
. 9l nnpI 
3cl nnp> 
3cl nnpp 
cl ,Ap,

i//r8m0hÎ
//i r ^9 m 4 -8 
,,,rp*4h8
.1 rLcMo8ga ,g, K oa3Mol

.cl ,A,8 

.cl ,A,9 

.cl ,A,6 

.cl ,A,D 

.cl ,A,I 

.cl ,A,>

n4b
, 4, O)8gJ0b
.1 r/gOag,g,m ti 3i 8n, 
- A 4 -8 
h A40h8 
n 4, O0b

.cl ,A,p 

.cl ,AA, 

.cl ,AA8 

.cl ,AA9

8nn -8 4 tg,
.1 r.diaOglagÎm -84bO1b 
Tn4MOcMo8r.c.tlau-Auh.udu-8 
oa3Mol

u/Mu1unuau!.fMldc.m

n
p TRANSFORMAT ION
n

.cl ,AA6 

.cl ,AAe 

.cl ,AAD 

.cl ,AAI 

.cl ,AAp

AA, nbOO 3oblc1 Î . 3Rdau!AuR AuNAg!8u-8uN8u!9uR9uN9u/Ou3m 
/i A8, A4Au9
* 4 9
.1 r.c.tlaga5g0Îm * 4 8 
**4*0.c .tla

.cl ,A8, 

.cl ,A8A 

.ch ,A88 

.cl ,A89 

.ch ,A86 

.cl ,A8e

nn/ r .
//irA'9m403r**u.GbhA 
/ //r .'Dm403r *u.mb-8 
/i/r.'pm403r**u.mbh8 

A8, nil3.lMa 
oa3Mol

m403r *u . mb-A

.cl ,A8D 1l/

hb.l und3 4 ,8uO. lail3 4 D ,uc.Na4,,,iCu|nd3.nlc .l a11an3b lbha 4

ciMonaua•n/.nuliO. c3uli/anCuOn bnulihb dulia/.3u./uli!oa1■id3.ilc .l a11an3b

A8e udontobü c.Na 4 9,,Db c3b3.c3.ncb ciMona c3b3ahal3c 4

■c3b3.c3.ncb ln /.btlic3.nc talaob3a/

AA8IC (R3ac i1bbbbbb CND n1 nihd.Ob3.il bbbbbb
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CCMP ! 18 P CPTIDNi M/VÎN tCDT = 02 tLI f\ECNT =t>C » SI ZE = OOOOK,
S:JUkCc , ?BCD I C , NOL 1ST, K.1DECK,LOAD,NOMAP,NOEOÎT , I D, NO XR 

FUNCTION wLSUR2USIGNE,V1,N1,F,ALFA,CL,Q,A,E,XI,UNPSI)

lbha 4

3 c l ni 3 8
n
r 1Oan»a b h.0dno3aa ciMc Mla n»bota diln3MaOOa al 

3ob-aan
n

.cl ,,,9 

. c l nn,6 

.cl n,,e

.hdO.n.3 oabOb9 rb 0»ui £ N m 
/nMdOa doan.c.il hÎ 
.o rbO1bgO3g,gnncm tn 3n e

. cl n , ,I 
3 c l n n , > 
.cl n n ,p 
.cl nnAn 
.cl nn» 
.cl ,,A8

.\ rdm 8ueu9
8 c 4/ c . l Î bO1b)8g,m)/c . l rbO1bm 
cn42Ob<c.«ïhbO1bbr/O0bm)/Om0bÎ1bbÎ/O0bK 
ti 3M h

3 c4/ c.l»rbO1 b)8gnm)/c .l»SbO1bm
cn 4 /O b/c.l»rbO1bLr/O0bm)/Om0bO1bbr/O0bm

. cl in A9 4 CLSUK2 = ( - ( Ml*I SIGNF+Vl*DL/2.0 I* < 1 .C-2 .O^S ) 
-0*5*sc/alfa)/p«

.cl , nA6 

.cl ,,Ae
o 13 Mol

e 5OcMo 8 4 0rhAb.= .tla ' -Ab/O)8g,mb/ObnO)>gF)a)!Î 
0Tbr/O0bmbb9gn)A8gn)a)!.A

.cl n nA s o 1 3 M o l

.cl n nAI al/

b n d3 .n lc .l a11an3b hb.lu5d3 4 ,8bOélanl3 4 Dnuc.Na 4 iiiiCulb ha 4

|id3.ilc .l a11an3b ciMonaua(n/.nulnO. c3uln/anCuOibnulnhbd Çl5a/.3u./uln!oa 1

bc3b3 . c3 .n cb c nM on 1 c3b3ahal3c 4 AD gdoitobh c.Na 4 A,p6

Lc3b3.c3.ncb ln /.btlic3.nc talaob3a/

bbbbbb al/ n1 nihd.Ob3.il bbbbbb AA69C (R3ac n



Oa-EÎ 8Ag> r *Ml I6 m nc)9D, 1io3obl »
8AA

nE‘d.Oao id3.ilc 0 lbha4 hb .lund34,8uO.lanl34Dnuc .N1 4 n/inCu
ciMona 7aXn/.nfltO. c3uli/a nCuOnb/uli hbdulia/.3 , ./ ? li!oaf 

C!7b>!!^ .l a 3»aoh raun/3u b!u3u nOu!AuRAuNAu !8?R8uN8Ç///u
Obh\nbm

3cl nii8
A

n
n n»botac bM! liaM/c a5M.-bOal3ac b Mla -bo.b3.il /a 

3ahdaob3Moa 13 3oblc1iohb3.il /a niio/illaacn
n

.cl nii9 

.cl ,,,6
.hdO.n.3 oabOb>rb0»un0N m 
/.halc.il ///rA8m

.cl ,,,e 

.cl ,,,D 

. cl ,,,> 

.cl ,,,p 

.cl ,,A, 

.cl niM

d4abb!bn/3b3
.1 rObh(/bgla g,m ti 3i A 
///rAm4 d 
nn/r8m40d 
oa3Mol 

A nil3.lMa
nL
n TRANSFORMAT I ON
n

.cl ,,A8 

.cl ,,A9 

.cl ,,A6

T1L=(X2-X1>/DL 
T 12 = (Y2-Y1)/DL 
T 13 = ( 12-11) /PL

.cl ,,Ae 

.cl ,,AD 

.cl ni AI 

.cl ,,A> 

.ch ,,Ap

DDD(1)=-Tll“P 
0D0(2)=-T12*P 
CCD(3J=-T13*P 
RETURN
END

Lid3.ilc .l a11an3b lb h a 4 hbÎl?,d34,8?O.lanl34D,Çc.Na4iiiiCu

Lid3.ilc .l 111an3b ciMonaga(n/.nuliO .c3ulinanCuOib/ulthbdul,a/.3u./bli!oa1

Lc3b3.c3.ncb ciMona c3b3ahal3c | A> u doitobh c.Na 4 eD6

Lc3b3.c3.ncb ln /.btlic3.nc talaob3a/

****** Cfsjr) c F COMPILATION ****** 1143K BYTES OF
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CC^PÎL^ CPT UNS bb.lu,d3 4 n8uO .lanl3 4 Dnuc.N1 4 niiiCu
ciMona u a■în/A n ulnO . c 3 u l »/AA n C u O n b/ u li | b d f lia / .3 u ./u li!o^EV 

d M ln 3 Î<l Oa d«g b l r lu . dOblu ldO bh 
nMalc.nl . dO bl r9 *u 8m

l b lB a 4

3cï ,,,8 
gcl nin9

n
V oan»aon»a vM dObl b Oa dO bl B /il3 1b.3 dbo3.a Oa 

liaM/ lM
n

. c l Vi/0Ç 

. cl V ,Ae
O E d O bl4 ,
in A A4A uld O b l

. c l ,,,D 

. cl n n ,I 

. c l Mi1 

. c l n , Î ,
« «3 E•Y
. c l n n A 8

* A4 . d O b ^* r AuAA 
* 8 4 « d O bl r Au8A
.1 rlgt3g*.gbl/glgOag*8m tn 3n 8

A nnl3 . lMa 
oa3Mol
8 OadObl4* .

.cl ni. 9 

.cl nnA6
o V 3 * H l
al/

b n d 3 . n l c .l a11an3b l b h a 4 hb.luid34n8uO.lanl34Dnuc.Na4iiiiC?

—id3.ilc .l 111an3b ciMonauasn/.nuliO . c3uli/anCuOnbnul;-bdul/a/.3u ./ b l/!oa1

—c3b3.c3.ncb ciMona c3b3ahal3c 4 A9 udoitobh c.Na 4 9e,

—c3b3.c3.ncb ln /.btlic3.nc talaob3a/

?j??bbb0 _ly Vy nnhd.Ob3.nl AA69C (R3ac i1



I Oa- 1O 8Ag9 r * Ml I6 m nc)9D, 1io3obl »
8A9

COMPILER OPTIONS - NAM E= MA IN,CPT = 02,L I NECNT=6GtS I ZE = OOQOK,
SOURCE t E3CDIC,NQLIST,NG0ECK,LCA0,NQMAPf NOEDIT, IO,NOXf<Ef 

SUBROUTINE T P L AN (L1 , L2 , X 1, YL , X2,Y 2,X F 1,YF 1,XF2,YF2,
d3CuObh(/bm 

3 c l ,,,8
O

n
n 3oblc1iohb3.il /a niio/illaac diMo c.hMOb3.il /b Ml 

dObln»ao o.t./an
n

.cl ,,,9 

.=l ,,,6
.hdO.n.3 oabOhc rb0wu,0Nm 
/.halc.il d3CrA8uA8m

n
n d3C b Obh(/b
n

.cl ,,,e 

.cl n ,,I 

. c l nn,>

.1 rOÎga5gim ti 3i A, 
! A 4 !A0! 1 A 
RA 4 RA0R1A

.cl ,,,D 

.cl ,,A, 

.cl ,,AA 

.cl n,A8 

.cl ,,A6 

.cl ,,Ae

/i e A4AuA8
d3Cr.u•m4d3Cr.uDm0d3CS.uÎmbRÎ'd3CS.u8mb!Î
e nil3.lMa
A, .1 rO8gatg,m ti 3i 8, 
!8 4 !80!1 8 
R84 R80R18

.cl ,,AD 

.cl ,,AI 

.cl ,,A>

/i Ae A4AuA8
d3h.uA8m4d3Cr.uA8m0d3Cr.uImbR8'd3Cr.u>mb!8 

Ae nil3.lMa
n
n Obhs/bbb3 b d3C b Obh(/b
n

.cl ni Ap 

.cl ,,8A 

.cl ,,89 

.cl ,,86 

.cl ,,8e 

.cl ,,8D

8, .1 rObh(/bgulag,m oa3Mol 
.1 rOAgeMg,m ti .4 9, 
/n 8e A4AuA8
/3«xur•u . m4d3Cr• u . *0d3C rAu . mbRA'd3Cr8? . *|!Î 

8e nil3.lMa
9, .1 rONga5g5m ti 35 6,Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
/i 9e A4AuA8
d3CrA8u.K 4d3CrA8u.m0d3CrIu9-fNÎ _ S^bx>uAmb!8

9e nil3.lMa 
6, oa3Mol

.cl ,,8> 

.cl ,,8p 

.cl ,,9, 

.cl ,,9A 

.cl ,,98 a l/

|id3.ilc .l a11an3b hb . lu,d34,8uO.lanl3 4 D,uc .Na 4 ,,, ,Culb ha 4

Lid3.ilc .l o111n3b ciMonaua(n/.nuliO. c3ul5/anCuOibnulthbdulna/.3u./Çli!oa1

L|c3b3.c3.ncb ciMona c3b3ahal3c 4 9A udoitobh c. Na 4 I6>

c3b3.c3.ncb ln /.btlic3.nc talaob3a/

Lbb#bb al/ i1 nihd.Ob3.il bbb4bb AA9pC (R3ac i1



LcVct 21.S ( JU\ 74 ) CS/26C F CP TRAN H
8A6

Cf>'DT|_cv CPTIüNi MAIN,QPT = C2,LINECNT=6C,S I Z E = C OOCK,N A M E =
SOUkLE,FPCDIC,NCLIST jNQDECKjLCAD,NOMAP,NOEDiT,ID»NOXf

t S N C C 0 2 
f,N COO?.

SL'LirsuUT INE TRSLFT
DATA ICTl, I°^T , IFND, IFPT, IFTR,IFQC,IFCU, ICES, ICNE/5,6,BC,81,P'>

1 d-,,41,92/ 
f CA L* 8 AX,TYPE
iroICAL^l C1,TTITPE,IPLCT,CUI,NCN,FCIS1,IECHEL,PTITRE 
DIMENSION N1d( 13) , TTI TRE ( 8C ) , AX ( 3) ,S( i)00) ,T( 500) , ND (5 00) , SI Zf ' 
LOG 1C AL *1 FCI50, I NOELE, I NONEU
d. halc.Ml A nir9 m uniÇ 9 m u llr8,m u d3 .3oar>,m u3Rdar>m

.cl ,,,6 

.cl ni Ae 

.cl ,,,D 

.cl n n ,I 

.cl ,,,>
/b3b o4,0)mmuo4,0)9mno4,0)69b o4,0)U9/^,7<ou0 
A’5Mb<o.OgB u ^nM(a > l ^ )

.cl nn ,p ^u^3o.bltOaBu

.cl ,nA, 

.cl ,,AA 

.cl ,,A8 

.cl ,,A9

DATA AXES/hHAXES/,PLCD/4HPLCT/,TITPE/4HTITR/ 
PAT A P,PN,PD,PNÛ/4HP 
DATAT 1 ,T 2,TO,TND/4HT 
DATA u,jN,wD,WND/4HC

u 6 »d 
u 6»3 
u 6 » n

nu6»d l /) 
ng6»3l ,) 
nu6»5l /)

u 6 »d l 
6 » 3 l 
u 6»5l
?

.cl ,,A6 

.cl ni Ae 

.cl ,,AD 

.cl ,,AI 

.cl ,,A> 

.cl nnAp

/b3b nu nlgn/unl/)6»n 
/b3b .!u . Ru .N)A u8u9)
/b3 b b!)>»doM1 il/gu>»»no.Nnlg u> »-ao3 . nbO) 
/b3b lhb~l/)9 , ,)utol)g A6)utoa)g8A)
/b3b tM.ulMl)g3oMa
/b3b . d (9 ,) 9,,)uc.Na3)pgeu8Iue)

u 6 » n l u6 » n nu6»n l ,)

1bOcag )

.cl ,,8, 

.cl ,,8A 

.cl nn88 

.cl nn89 

.cl ,n8 6 

.cl nn8e

/b3b dhb!)ig)u. dbd)n)ul/ac),)
DATA XF/4 ./,TT ITRE( L )/1H /,GRT/. 1 25/,ANGT/0./,NCART/1/ 
FOI SU = NCN 
F0IS1=0UI 
I PL OT = NQN

D 9 o 1 b *r .n3OuAual/ 4 8mn6un.url.er ..mu AA4AuAem
A 1iohb3 r b^u u b A u AeAem
.1 rn6gaigb!acmti3i 9 
.1 rn6gaMg3.3oamtn3n 6 
.1 rn6ga‘gdOMM .ti3n e 
. (4 ,
. lia Oa 4 lil

.cl ,,8D 

.cl ,,8I 

.cl nn8p 

.cl ,,9A 

.cl nn 99 

.cl ,,96

.cl ,,9e 

.cl nn9D 

.cl n n 9 > 

.cl n,6, 

.cl n ,68 

.cl ,,66

* b4 A
.1 rn6ga5gdmA(4A 
.d rn6ga‘gdlmA948 
.1 rn6ga5gd/m . ( 4 9 
.1 rn6ga5gdl/m.o46 
. 1Ç n6 ga *g3A m . ( 4 e

.cl nn6D 

.cl ,,6> 

.cl nnen 

.cl ,,e8 

.cl nne6 

.cl , n e D

.1 rn6ga2g38m.(4D 

.1 rn6ga5g3/m . 94I 

.1 rn6ga5g3l/m.(4> 

.1 rn6ga5g5m.(4p 

.1 rn6gaçgMlm.(4A, 

.d rn6gazg5/m.(4AA
.cl ,ne > 
.cl ,,D, 
.cl n,D8 
.cl n,D6 
.cl n , D D 
.cl ,,D>

.d rn6gaMg5l,m.(4A8 

.d rn6ga5gnmA(4A9 

.1 rn6gakgnlm.(4A6 

.1 rn6gaMgn/m.(4Ae 

.1 rn6ga9gnl/m .(4AD 

. 1r . 9ga *g,mti3i ppe
IF( 16.EJ.2.OR.IB.EQ.4.OR.IB.EC.6.OR.IB.EU.3.OR.IB.EQ. 10.OR.16» 

1 12.ÜR.IB.EU.14.0R.IB.E3.16) INCELE=CUI 
IF( IB.EU.3.GR.IB.EQ.4.CR.IB.EC.7.OP.IB.EQ.8.OR.IB.EQ.ll.OR.il 

1 12.UR.IB.EQ.15.OR. IB.EQ.16) JA = 2 
GCT0(6,6,6,6,10,10,10,10, 14,14,14,14,18,18,18,18), IB 

995 wRI TE ( IPRT,62)C4,Cl , N15

.cl n,In

cl nnI8

.cl n n I6 

.cl n n I e



8Ae
m. c l nn IE 

.cl nnII 
3 cl ,AI> 
g cl n n Ip

aooaMo cMo Ob nbo3a 4 ^^^? b6ub«uAe.eu B ^D8 1iohb3r))u 
ti3i D9 
8 1 n. cM 4iM . 
ti3i ppI

d dd

. c l tn9n pcp oa3Mol
n
n
n
nbbbb n nh hb li ë b!ac

9 .1rlAcr OmglagAmti3i 9 A. cl nn9 A
.cl nn99 
. c l nn >6 
.cl nn9e 
ô cl nn9D 
. cl nncI 
.cl nn9p

.!4A 

. R48 
A849 
ti3i 98

9 A . 1rlAer A* glag8m ti3i 99 
. !4 8

. cl nnp, 

. c l n,pA 

. cl nnp8 

.cl n,p9 

.cl nnpe 

.cl nnpD

. R 4 9 
ô 84A 
ti3i 98

99 . 1Îl. e r Am ga 5g9 m ti 35 96 
To.3a S . do3u9emlAerAm

9e 1iohb3H)) aooaMo nihhbl/a b!ac A bg^u9! u .eu9!u^ac3 .l-bO./a ni?d?
b!a cg^ mAcRc3aha / 

ti3i D9 
9 6 .!4 9

d d
3 cl n npI 
.cl nnpc 
.cl n n pp 
.cl nÎii 
.cl ,A,A

. R4 A 

. 8 4 8
98 To.3ar.do3u9•mb!r.!mub!r.Rmub!r.8m9 /a1.l.3.il /ac b ! ac£’ u ) u A,! u ’ O ^ ^ b!a /a O e ^ M.

u b9 u)u A,!u ^ O^b b!a ^^R^b /a n^Mcbtao ac3 O B ^b!a ^
b!a ^? b9 m

v !b ’9D 1iohb3H))u
AC ac3 O^^b!a 
Îu)uA,!u^Ovb!a

.cl ,A,8 ?

d

Ç Çna O^ ^Mcbtao ac3 OL ’ 8 ’ ’
.cl nÎ,9 ti3i D9

nbbbb 1.l nihhbl/a b!ac
n
n
,
nbbbb nihhbl/a 3.3oa 
6 ln bo3 4l O e r A m
to3 4lAer8A)A,,g 
. 1rto 3

.cl ,A,6 

.cl nÎ 9e 

.cl ,A,D 3g ,g9mto3 4 ,gel 3O

.cl ,A,> 

.cl ,A,p 

.cl ,A AA 

.cl n A A8 

.cl ,AA9

b lt 34rhi/rl Aer9mu9m0Îmbp,g 
. 1Hlnbo3gt3g9,m lnbo3 4 9, 
oab/ r .n3OgÇÎ *33.3oa 

6A 1 io hb 3r9,bÎ m
ti3i D9

nihhbl/a 3.3oa
n
n
n
“bbbb nihhbl/a dOi3
e .1H gli3g. dO i3mti3i ep 
3obnao /acc.l doana/al3

.cl n AA6
n

.cl 1 AAD 

.1l ,AAI 
cl ,AAp 
.1l n A8A 
.cl ,A88 
.cl n.8 6

pp I . dO t3 4 lil
.1 r r3hb!03h.lmgOag . ga0A,m ti3i eA9 
. 1r r.chb!0ch.lm)r3hb!03h.lm m gtag!1îti3i e A9 
b 4d c .8a)r3hb!03-.lm
. 1r glM3g. an »a Omti 35 eAe 
. 1Î an»igt3gbmti3i eA6 
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I S N e L 2 fc 
ISN C 12 7 
T S N '''12 8 

SM C12S

A = fc ChD 
GOTO b1j

5 14 *vR1T6(1PKT,51o)A
516 c Ch, ViA T ( / / , ' c C H S L L p CEMANDEE TRÇC1 GRANDE.L ECHELLE UTILISEE rI I

F C UC E ( S) ' )1UME UNITE= ' , = 15.7,' 
515 YI=-A*Tr1IN 

XT=-A*SMIN 
PMAX=A*SHAX+XI 
EChiD= 1 ./A
Wci TE{ I PRT,DP 2) CCMC

I S N CISC 
I S N C 1 3 1 
! S N 0122 
IpN C13 3 
I SN "13^

552 FORMAT!////,' ',1OX,'L''ECHELLE DU DESSIN EST-- 1 POUCE= •»
1 cl6.7,' UNITES')

GOTO 517
513 IF( ISMAX-SMIN) .LF.l.E-10) GüTC 53C 

A = P SI Z E- X F/( SMAX-SMIN )
.arglM3g.an»aOmti3i eAp 

. c lA ,A9 e

.cl ,A9D 

. c l ,A9 I 

.cl nÎ 9p 

.cl ,A6,

.cl ,A68 

.cl ,A66 
. c l ,A6 e 
Acl ,A6D 
. c l ,A6 I

.1ran»igt3gbmti3i eA> 
b 4 a n»/ 
ti3i DAp

e9, To. 3a x A d o 3ue9A m
e9A 1iohb3H))u^ aooaMo nihhbl/a dOn3g Oa /acc.l ac3 Ml di.l3g .O l 
.ob dbc 3obnag^ m I.cl dA61 

. c l ,A6p 
3 cl ,Ae, 
. c l nAe A 
.cl ,Ae8 
. c l , A e 9

GCTC 526
513 WcI TE (IPRT,51o ) A 
519 XI=-A*SMIN 

Y!=-A*TMIN 
PMAX=PSIZE*XF

eAI AA4,
To . 3ar./acm . O Ç AA 
oaT.l/ ./ac 
oaT.l/ .n la 

e8 . oab/ r ./a cm.Au.8
.1r .Î gtagim t/3, e89 
.1H . 8 g O ag,mt , 3 » e9D

A c l ,Ae6 
.cl nÎ ee 
.cl ,AeD 
.cl ,AeI 
.cl nÎ e> 
. cl ,AD,

oab/H.nlamclu3lubltO
nbOO lMh(ao r clb! D raendic.3.utdaIbHA!o).11mu!t(HI.19 
.8 4 01 A

e 9D tn3F e8 A 
e86 nbOO c R hz iO r < 
ti3i e8D

îcl ,AD8 
.cl ,AD9 
.cl ,AD6 
.cl ,ADe 
.cl ,ADD 
.cl ,ADI

,GRT,PTITRE,ANGT,NCAPP )-C.5• t

e8D nbOO cRh(iOH0g8eu, 
ti3i e8D 

e89 .1r .Maigim ti3i e8,
nbOO dO,3.cr.Ambb'!.u3r.Ambb'R.u9m 
up77 dO*3rcx.8mbb'!.u3r.8mbb'R.u8m 
ti3i e8A

to3ud3.3oa? !t(oIlnbddm.cl ,ADp 
.cl ,ADe 
.cl ,AI, 
.cl ,AI8 
.cl ,AI9 
.cl ,AI6

l ?

e8n . 1H gli3g.lilaMmtn3n e9> 
/i e9p A4Aull/ 
. 1Hl/H. . gt3g,mti3i e9p
nbOO lMh(aorc Î . mbb ' !. u3r.mbb ' R. utolu1Oib3r0l/H.mmublt3u0A m 

e9e nil3.lMa

.cl ,AIe 

.cl ,AII 

.cl ,AI> 

.cl ,A>, 

.cl ,ApA
e91 . Erblt3gO3gAg mtn3n e86. cl , A>8

. 1Hblt3gO3gpAg mt,3,e8D

. 1Hblt3gO3gA>AgmnbOO cRh(iOrdhb!u0ge uto3ud3 . 3oaublt3ulnbodm
e8e .1H gli3g1i. c/mti3i ep
nbOO dOM3rdhb! ' 8gu,g u09m
nbOO dOi3r,g u ,g uppp m
ti3 * pp p

.cl ,A>6 

.cl ,A>D 
cl ,Ap> 
.cl nAp, 
.cl ,ApA 
îcl ,Ap8
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C FIN TRACER DESSIN 

59 ICÛUX)=NL5m 
ICUU Y)=N15 (2)
.n9r. N m 4 l . e.9m

. cl ,Ap9 
39l nAp6 
Ucl ,Ape
.cl ,ApD 
. cl ,ApI 
.cl ,Ap> 
.cl ,App 
.cl ,8,, 
.cl ,8,A

X0= ICQl1)
Yn=ICG(2)
ZO=ICO(3)
AIPHA=N15(4)*3.141593/180. 
REWIND IDES 
REWIND I CNE

.cl ,8,8 

.cl ,8,6 

.cl ,8,D 

.cl ,8,I 

.ch ,8,p 

.cl ,8A,

ab)t15)8On(onÎ9(utgt15)81/1ÎÎn
ab r t1 5 r A,mgt3g,mtoa4her A,m)An,g 
. l5la< 4 tht
. 1rlAer>mga5gAm . lnlaM 4 nM. 
/i jK1 . .A4Au>,

ee, d3.3oaÎ . . .*433 .3oar .. .m 
.cl ,8AA 
3 cl ,8A8 
.cl ,8A6 
.cl ,8Ae 
.cl ,8AI 
.cl ,8Ap

hnb o d 4ln bo 3
. 1r gln3g1,.cAmti 3i eeA 
. dbd4F
. 1rlA eÎ7) gt3gAmlAerIm4A 
.1rlAerIm gaFgAm.dbd4 . d(9, 
. 1r .dbdgc5g,mlAex Im4,

.cl ,88A 

.cl ,888 

.cl ,889 

.cl ,886 

.cl ,88e 

.cl ,88D

dc. Na 4 c a N a o r l 1 e r M9 D » m 
eeA a ,H7o 45Ma

SMI N= 1 .E + 74 
TM I N= SM IN 
SMAX=-SMIN 
TMAX=SMAX

.cl ,88I 

.cl ,88> 

.cl ,88p 

.cl ,89A 

.cl ,898 

.cl ,899

I FC HEL = NON 
ECHÛ=Û.
IF(N15(0).EQ.OJGOTO 51
ECHD=FLOAT(N15(5))/FLCAT(N15(o))
I FC HE L = JUI

5 1 I F ( XQ.Ew.0.) GOTO 5 2
ISN 0235 
ISN 0236 
ISN 0238 
ISN 0239 
ISN 0240 
ISN ^ 24 2

AI!SS!g.!o!t) 47/r79
abrr7nHonÎn9(!SS!g(!>S!D'n16158' 
( 0o !g !o blrLC/KO)
ti3i e9

e8 .1rRigaigig*tJ3i e6
tbhhb4Ri)bzcrRimbr0HgeI,IpDm

.cl ,869 

.cl ,866 

.cl ,86e 

.cl ,86D 

.cl ,86> 

.cl ,86p

913 b4b3 b lrNi)!im
ti3i e9 

e6 /A*?XAhiU
.1r Niga^*gig m ti3i ee
(13b4NJ)b(c rNJmbrAgeInIp• m
ti3i e9 

.cl ,89, 

.cl ,8eA 

.cl ,8eÜ 

.cl ,8e9 

.cl ,8e6 

.cl ,8ee

ee ( 1 3 b4 , g
eA nt4nicrtbhhbm 
ct4 c.lrtbhhbm 
n (4 ni c r zÇ 3 b m 
c>4 c.lr(a3bm 
nb4nYcrbOd»b7

.cl ,8eD 

.cl ,8eI 
cl ,8e> 
.cl ,8ep 
.cl ,8D, 
.cl p8DA

SA=SIN(ALPHA)
NDES=NDES+1
To.3a r .do3ue96ml/acu33.3d;

e96 m4t6p. x O»Î u A, ^ /acc.l lng ^uA9u^ ■gcibÎub hbbb|^m
To.3aH .do3u96,m!/uRnuNn

e6, 1iohb3H))uU Oac nn5onnlla1c na O B A ,( cëo-b3 1Md cil30 doi1il/aMoA
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; HüRIZQNT AL = 

I TE ( I PRT,bl1 )
? a A egI bL à -ao3.nbO| ^ u a AegI u ’ à ’ m?

.cl ,8D8 
3 c l ,8 D 9 oio hb3r A »£u3 A, ?BlMhaoi /M liaM/^ u398uA do21nl/aMo’ uA6Iu’»io.8,l 

.K3•8Ku-aV*3.O6OÎu3IIK^c /acc.l^ uApAu 3 /acc.l?u))m.

.cl n8D| 
*al , 8 • e 
. al ,8•D 
îol ,8DI 
.ch ,8D> 
. al ,8Dp

oaVÇÎl/ . al/ 
/i eI . 4 A ? l C b ! l /
o a b <r .a l/ ? a lM 4 e • m l /r. m Ç nnS . ! m unnr .R m Çn5r . N m 
! 4 n * Î A m
R4nMÎ8m
N4n,r 9m

.cl n8I, 

.cl ,8IA 

.cl n8I8 

.cl ,8I9 

.cl ,8I6 

.cl ,8Ie

F 1= S6*X+CG* Y 
F2=SB!F(CG*X-SG:tY)-Ce*Z 
SI I ) = CA*F1 + SA*F2 
T ( I ) = SA*F1-CA*R2
WRITE(IPRT,512)NO( I I , X,Y,Z, S( I ) ,T ( I)

512 FORMAKIH ,T15,I5,T3C,E15.7,T45,E13.7,ToQtEI5.7TT75,E15.7,T9(
AI m

.cl ,8ID 

.cl ,8I> 

.cl ,8Ie 

.cl n89n 

.cl ,8>A

. 1r lnMm gADg,m To .3a r Hdo3ue9Im
e9I 1iohb3H)u^ Oa lMhaoi /a liaM/ doana/al3 ac3 .l-bO./ag aooaMo0
eI nil3.lMa 
ll/4lhb!l/
To.3aH.do3ueD)ll/Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z

58 FORMAT!//,' COMMANDE FLOT —ERR EUR . SEULS LES ' , 1X, I 5, 1 X, •PREM, 
1NnE UD S ÜNT ETE CONSERVES ,,/,' A CAUSE DE LA LIMITE D^'ESPACL 
1 I DE . ' )

56 NND = I -1
I F( .NOT.FüISl )GOTO 51C
call plots

ISN C282

I S N 0 2 8 3 
I S N 0234 
ISN C2 36
I S N 0287 
I S N 02 3 9 
ISN C290 
ISN 0271 
ISN 0292 
1 S N 0293

IF( IP AP.NE.û)CALL SPFCRM(IPAP)
510 CALL PLUT(PMAX+2 

CALL PL CT(0.,1.0 
FOI S1=NÛN 
wRITE( I PRT, 535 )

535 FORMAT!1H1,'LISTE DES ELEMENTS TRACES',////,* ELEME NT ' ,T 1 1 ,

0dc . Na0e 
u 0 9 m

09m’ .’ ?

1A ^3Rda^u38Iu ^lMaM/c^ u))* 
tn3M D9

nbbbb 1.l nihhbl/a dOi3
.cl n 8p6

n
n
n
Ebbbb V« OMn nYhhMh bM! nihhbl/ac oaOb3.-ac bM! /.11aoal3c aOahal3c
n
nbbbb nihhbl/ac dudlud/udln 
D . 1 .Oa4 .1d3.cl ,8pe 

.cl ,8pD 

. c l ,8pI
l 48
ti3i A,,,

n
C*#** nihhbl/ac 3u3lu3/u3l/ 
A, .1.Oa4.13o.cl ,8e> 

.cl ,8pp 

.cl ,9,,
l 49
ti3i A,,,

n
C**** nihhbl/ac MuMlun/u5l/ 
A6 . 1 . Oa 4 . 1 5/.cl ,9, A 

c l ,9 ,8 
.cl ,9,9

l 06
ti3i A,,,

n
COMMANDES C , CN,CD,CND



8Ap
.cl ,9,6 
.cï P9 ,e

A9 .1.Oë4.1nM
l4>

n
gcl ,9,s Oini tn35r A,,AuA,,8mu*b
.cl ,9,I 
.cl ,9,> 
.cl ,9,p 
.cl ,9A, 
.cl ,9AA 
.cl ,9A9

A,,A .dOt34iM.
oaT.l/ . 1 . Oa

A,,e o1biÎ.1.Oaual/ 4 D9 *laÇrllr.mf. 4 Aulm 
/n A,,9 A4AuAe 
.1ÎlAer .*ga5gla mti3n A,,6 

A ni9 nil3.lMa
.cl ,9A6 
.cl ,9Ae 
.cl ,9AD 
.cl ,9AI 
.cl ,9A> 
.cl ,9Ap

ti3i A,,e
A,,6 To.3ar.do3u A,9,mlau3Rdarl.urllr.mu A4A ulm 
A,9, 1iohb3H^ L u. e u 3 AA u b>u>re! u . e m * 
/i A, ,D A 4 A ? ll/ 
/i An , I * 4 A u l
.1r Îb(c.liH .m m gaigllr*m mllr*m40.

.cl ,98A 

.cl ,988 

.cl ,989 

.cl ,98e 

.cl ,98D 

.cl ,98I

A,,I nil3.lMa
/i A,,> * 4 Aul 
. 1rllr*m gt3g,mti3i A,,D 

A,n> nil3.lMa 
ti3i A,,p 

AnnD nil3.lMa
.cl ,98> 
.cl ,98p 
.cl ,99A

,, A,A, A4Aul
.1rllr . m gt3 g, mTo.3ar .do3 u A,AA mlaulh . m 

A,AA 1iohb3H ^ aooaMo0 aOahal3 lig ^uAeu^ Oa lMhaoi ^uAeu^ ac3 b(c 
A /a Ob 3b(Oa /ac liaM/cg O A ^aO ah al 3 l ^ ^a c 3 dbc 3obna^))m

A,A, nil3.lMa 
ti3 F A,A8

.cl ,998 

.cl ,999

. c l ,9 96 
3 cl ,99e 
.cl ,99D 
.cl ,99I 
. c l ,99> 
. cl , 9 9 p

Annp /i A,A9 A4A ul 
llH . m 40l lr. m

A,A9 l/.llH.m*40.b(cHl/rllr . mm. 
la40la 
l 84 la
. 1r .l5aOaml8 4 0la

. c l ,96A 

.cl ,968 

.cl n966 

. c l ,96e 

.cl ,96D 

. c l ,96I

To.3aH . /a cmla ul8
.1H gli3g.liaOamti3i A,A6
cl4 t
3l4 ,
/i A,A9 A4Aul 
c l 4 9 l ' c r l l r . m «

.cl P96 > 

. c l ,96p 

.cl ,9e, 

. c l ,9eA 

.cl ,9e8 

. c l ,9 e6

A, Ae 3 l 4 3 l ' 3ÎllÎ .*m
cl4 cl)l 
3 l 4 3 l ) l 
bltO4 blt3
H1rlglag8m ti3i A,8A 
l A4 llÎ A m

.cl ,9ee 

.cl , 9 e fE 

. c l ,8 e> 

.cl ,9D, 

. c l ,9DA 

. cl ,9•8

l 8 4 ll r8 m
.1rcHl.mgakgcAl8mmti3n A,88 
.1HcHlAmgt3gcHl8mmtt35 A,89 
bltO4b3blHx 3rl8 K03rl.mm)rcrl8 m0cHl A m m m 
ti3i A,8'

A ,8 9 bltO 4 b3blrr 3r M m 0 3rl 8 m m)ÎcrïÎm0cHl8mmm
.cl ,9D9 
H cl , 9 D^' 
cl ,9DD 
.cl ,9DI 
. c l , 9 • o 
3 cl ,9,p

A,86 bltO4bltObA9Qg)9gA6Aep9
. 1rbltOgO3g,gmbltO 4 9Dng0bltO 
ti3i A,|A 

A,88 bltO4ptg
A,8A ço.3aÎ.tlamclu3lubltO 
AP A 6 lll 4 l0A
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1 S N G 3 7 0 
ISM 0371

DO iOL3 I = i t 4 N N 
lois IvRITE(Il)3S ) NM( I ) ,NM ( 1 + 1 ) 

I F ( M. E
wc I TE ( I JES 1 MiM ( M ) t NM ( 1 )

TSM 0372 2)GOTJ 1020
. CA 0 3 7 4
ISM
.ch n9ID 
.ch n 9 I I 
.ch n 9 I c 
.ch n9Ic 
.ch ,9cn

A,8n /n A,A| A4A ?h
S MI M = AM I M1 { S M I N i S ( N N ( I ) ) ) 
SMA X= A M A X 1 ( SMAX , S ( NM I ) ) ) 
T MI iM=AM. IiMl( TMIN,T(NN( I ) ) J 

1019 T M A X = A M A X1(T M A X » T(NN( I ) ) ) 
1012 GOT ü( 10 03,1Q1o)tJA

.ch n9>A 

.ch n 9> 8 

.ch ,9>9 

. ch ,9>6 

.ch ,9>e 

.ch ,99D

10C 2 I PL Cl =Qü I
F pw IND IFILE 
N E 1 - N 1 5 ( 1 )
MF2=M15(2)
N F 3 =N15(3 )

1 0 1 o FFA0(IFlLE,ENU = o3)Ng,(NM(I),I=ltM)
. ch ,9 9 I 
.ch ,9>9 
.ch ,9p, 
.ch ,9pA

/i A,AI .4laAuha8ula9 
.1rlaga5g.mti3i A,,6 

A,AI nil3.lMa 
ti3 < A,A•

n b b b b 1 AAï sÎtn nihhMl
n
n
p

1.l doitobhha '
al/.cl ,9p8

hb.lu5d34n8uO.lanl34•nuc.N14,,,,Cub , d 3 . nhc .l a11an3b lb *?L h

ciMonauasn/.nuliO. c3uli/anCuOibnulihbd Çlia/..u./Çli!oa1b n 13 .n hc .h a11an3b

9pA udoitobh c.Na 4b c 3 b 3 . c3 .ncb ciMona c3b3ahal3c 4 A668>

|c3b3.c3.ncb ln /.btlic3.nc talaob3a/

bbbbbb al/ n1 nihd.Ob3.il bbbbbb A ,DIC (R3ac



byy\Pz«E\ bg8

dVéy"V"Ç«•P z\q z•PPé\q



888

b 0 3.3oa /M 3ob-b.O

«g n"VÇ\ z\ qéy"V"Ç«•P rbÎm

vb3.3oav

««g 3«ÇV\ r8,b6m

E•Î•PP\ ü"V«"sÎ\

A0>, .3.3oar8,m Î\ m\qq"g\ \qÇ ÇV"PqEV«Ç qYV Î" f\Y«ÎÎ\ z\

q•VÇ«\g
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B - CARTE DE CONTROLE

i. Carte de séparation (Al)

"★CONTROLE"

ii. Paramètres de contrôle (1315, F5.0, 215) rAm

E•Î•PP\ ü"V«"sÎ\

A0e .3Rda «Pz«E"Ç\YV zY Ç‘y\ z\ qÇVYEÇYV\

q« Aj E"zV\ 90/

8j ÇV\«ÎÎ«q 90/

9 j E"zV\ 80/

6j ÇV\«ÎÎ«q 80/ r8m

D0A, .d.a/ «Pz«E"Ç\YV zY q‘qÇèm\ z^YP«Çéq

q« ,j YP«Çéq E•Pq«qÇ"PÇ\q

Aj Î•PgY\YVq \P y«\zqu m"«q yV•yV«éÇéq

z\q m"ÇéV«"Y~ \Ç z\q q\EÇ«•Pq \P

r9my•YE\q

AA0Ae l P•msV\ Ç•Ç"Î z\ P•\Yzq z"Pq Î"

r6mqÇVYEÇYV\

P•msV\ Ç•Ç"Î z^éÎém\PÇq z"Pq Î"AD08, h

remqÇVYEÇYV\

8A 0 8e lhb3 P•msV\ z\ m"ÇéV«"Y~ E•my•q"PÇ Î"

rDmqÇVYEÇYV\



886

P•msV\ z\ q\EÇ«•Pq z^éÎém\PÇq rIm8D 0 9, lcan3

9A 0 9e l1.! P•msV\ z\ P•\Yzq E•my•VÇ"PÇ YP\

r>m•Y yÎYq«\YVq V\qÇV\«PÇ\q V«g«z\q

P•msV\ z^"yyY«q éÎ"qÇ«:Y\q ÇV"Pq09D 0 6, loac

Î"Ç«•PP\Îq •Y V•Ç"Ç«•PP\Îq

6A 0 6e ldObl P•msV\ z\ yÎ"PEw\Vq V«g«z\q

P•msV\ z\ E•YyÎ\q z\ z\gVéq z\6D 0 e, l./al3

Î«s\VÇé «z\PÇ«:Y\q

P•msV\ z\ E"q z\ Ew"Vg\m\PÇ éÇYz«éqeA 0 ee lnn

«Pz«E"Ç\YV zY Ç‘y\ z^"P"Î‘q\eD 0 D, .d/aO

q« ,j "P"Î‘q\ Î«Pé"«V\

Aj "P"Î‘q\ P•P0Î«Pé"«V\

rpmr\ff\Ç d0/\ÎÇ"m

P•msV\ m"~«mYm z^«ÇéV"Ç«•Pq y•YVDA 0 De .3ao

rA,mEw":Y\ E"q z\ Ew"Vg\m\PÇ

y•YVE\PÇ"g\ z\ Ç•ÎéV"PE\ qYV Î\DD 0 I, nil-

rAAmÇ\qÇ z\ E•Pü\Vg\PE\



AAp

en d ep ic.3A 1Mo1blrga, tma, 4g bl4ba4 og0 0m441b1rlr1mM0

) 61dtm,r9g og0 9496gMr0 bbl,U90 gM r,l/9g

01 ^7 4g bl4ba4 M<g0r tl0 ul1r

?nAOn7 4g bl4ba4 g0r ul1r

6mog o<g!9bar1mM oa t,mU,l66geD d I^ Hc(58

01 ^7 0m4ar1mM oa t,mÎ4h6g

n7 /9,1u1blr1mM og0 omMM9g0 0ga4g6gMr

3g6l,»ag0 7

nO Sg,rl1M0 tl,l6hr,g0 og bmMr,>4g Mg 0mMr bmMMa0 og 4<ar1410lrga, »ag

4m,0»a<14 l rg,61M9 og t,9tl,g, 4g0 omMM9g0 oa t,mÎ4h6g' H4 g0r

omMb ,gbm66lMolÎ4g og ,g/10g, 4g0 tl,l6hr,g0 1M0b,1r0 l/lMr 4<g!9bar1mM

oa r,l/l14'

H(«8• bmMr,>4g 4<l001Ulr1mM og0 ,g0r,g1Mrg0 larm6lr1»ag0 ?01 o1uu9,gMrAO

og nO gr 4g bl4ba4 og0 rg,6g0 og 4l 6lr,1bg og ,1U1o1r9 4mbl4g og0

9496gMr0 gr og 4l 6lr,1bg og r,lM0um,6lr1mM U9m69r,1»ag' CabaM rg,6g

og bg0 6lr,1bg0 M<g0r omMb bl4ba49 1Mar14g6gMr'

H8H•f 9Ul4 ) n bm66lMog 4l 6a4r1t41blr1mM og0 6moa4g0 o<94l0r1b1r9

• gr og b10l144g6gMr ï tl, nVV'^R 4l o1/101mM og0 l1,g0 C R C gr, ! -

C tl, nVV'^ gr 4l o1/101mM og0 1Mg,r1g0 NR H R _ x -
4<g!9bar1mM og0 bl4ba40'

jO

H_ tl, A^ejD'^ l/lMr



AAD

VO bbl»ag Mmgao g0r 1ogMr1u19 tl, aM gMr1g, tm01r1u 1Mu9,1ga, ma

9Ul4 ) K'

pO Sbl»ag 9496gMr g0r 1ogMr1u19 tl, aM gMr1g, tm01r1u 1Mu9,1ga, ma

9Ul4 ) *'

DO Sbl»ag 6lr9,1la g0r 1ogMr1u19 tl, aM gMr1g, tm01r1u 1Mu9,1ga,

ma 9Ul4 ) K*C('

eO Sbl»ag 0gbr1mM g0r 1ogMr1u19g tl, aM gMr1g, tm01r1u 1Mu9,1ga, ma

9Ul4 ) Kc•S('

IO KXHL M<1Mb4ar tl0 4g0 Mmgao0 mv aMg ma t4a01ga,0 ,g0r,g1Mrg0 0mMr

l001UM9g0 larm6lr1»ag6gMr gM /g,ra oa r-tg og 0r,abra,g ?H(«8•O'

sO im,0»a<mM og6lMog aMg lMl4-0g MmMd41M9l1,g mM mÎr1gMr rmaJma,0 lt,h0

4l t,g61h,g 1r9,lr1mM 4g0 ,90a4rlr0 o<aMg lMl4-0g 41M9l1,g' ig0

/l4ga,0 og0 o9t4lbg6gMr0R og0 ,9lbr1mM0 la! ltta10 94l0r1»ag0 gr og0

guum,r0 olM0 4g0 9496gMr0 0mMr 16t,1690 la bm6t4gr lt,h0 4l t,g61h,g

1r9,lr1mM gr lt,h0 4l og,M1h,g ?1'g' »alMo 4l bmM/g,UgMbg o901,9g

ma 4g Mm6Î,g 6l!16l4 o<1r9,lr1mM0 g0r lrrg1MrO' C bbl»ag 1r9,lr1mM

1Mrg,69o1l1,gR mM 16t,16g 4g0 o9t4lbg6gMr0 gr 4g0 ,9lbr1mM0 0ga4g6gMr'

n^O H(•3 g0r 0lM0 16tm,rlMbg 01 H8f•i g0r Ma4' SgtgMolMrR 14 t,gMo 4l

/l4ga, p ) o9ular o<|r,g 0t9b1u19 »alMo mM o901,g aMg lMl4-0g MmMd

41M9l1,g'



AAe

nnO S5KB g0r 0lM0 16tm,rlMbg 01 H8f•i g0r Ma4' SgtgMolMrR mM 4a1 l001UMg

4l /l4ga, A'^ 0<14 M<g0r tl0 0t9b1u19 gr »a<aMg lMl4-0g MmM 41M9l1,g

g0r og6lMo9g ?omMb tl, o9ularR AP og rm49,lMbgO'

nAO im,0»ag ic.3A g0r 9Ul4 ) nR 4g t,mU,l66g 16t,16g 4g0 guum,r0 ) 61d

tm,r9g olM0 4l bmM/gMr1mM og 01UMg0 oa Mmgao og o,m1rg ?AO gr tma,

4g0 9496gMr0 bbl,U90 gM r,l/9g 0ga4g6gMr'



AAI

S d HKX53*C(H5K S5KS•3KCK( i•c K5•.fc

Sd4 ' ï9m69r,1g

Sl,rg og 09tl,lr1mM1' ?CHO

Çqï•5*•(3H•Ç

11' Smm,omMM9g0 og0 Mmgao0 ?npR jXn^'^R AnpR jXn^'^O

bm4mMMg /l,1lÎ4g

x n d p K5 Ma69,m oa Mmgao ?nO

D d np L5 bmm,omMM9g L oa Mmgao K5

nD d Ap «5 bmm,omMM9g « oa Mmgao K5

AD d jp ç5 bmm,omMM9g ç oa Mmgao K5 ?AO

jD d V^ HKS 1Mrg,/l44g o<l001UMlr1mM og0 Ma69,m0

og Mmgao0 tma, 4l U9M9,lr1mM larm6lr1»ag

og0 bmm,omMM9g0

Vn d Vp KH Ma69,m oa og,M1g, Mmgao og 4l 09,1g tma,

4l U9M9,lr1mM larm6lr1»ag og0 bmm,omMM9g0

VD d pp LH bmm,omMM9g L oa Mmgao KH

bmm,omMM9g « oa Mmgao KHpD d Dp «n

DD d ep çH ?jObmm,omMM9g ç oa Mmgao KH



AAs

3g6l,»ag0 7

nO ig0 Ma69,m0 og0 Mmgao0 /mMr og n ) K' ig0 bmm,omMM9g0 Mmol4g0

om1/gMr |r,g o9u1M1g0 tma, bblbaM og bg0 K Mmgao0' i<m,o,g og

4gbra,g M<l tl0 o<16tm,rlMbg'

AO 8ma, 4g0 t,mÎ4h6g0 r,1do16gM01mMMg40R 14 g0r ,gbm66lMo9 o<ar1410g,

aM 0-0rh6g og bmm,omMM9g0 U4mÎl4g0 l/gb 4<l!g çR o1,1U9 /g,0 4g

blar' 8ma, 4g0 t,mÎ4h6g0 t4lMl1,g0R mM g0r rgMa og r,l/l144g, olM0

4g t4lM Ldç ) 6m1M0 og 0t9b1u1g, H(«8• y n ?blo,g0O ma A ?r,g14410O

gr o<ltt41»ag, Ç6lMag44g6gMrÇ 4g0 ,g0r,g1Mrg0 olM0 4l o1,gbr1mM

/ma4ag' fmMbR tma, 4g0 t,mÎ4h6g0 Î1do16gM01mMMg40R mM la,l gM U9M9,l4

« y ^'^ ?ma 4l1009 gM Î4lMbO'

Sbl»ag Mmgao tgar |r,g o9u1M1 ) 4<l1og og 0g0 bmm,omMM9g0 0a, aMgjO

bl,rg 1Mo1/1oag44g' f<lar,g tl,rR 4l tm01r1mM og rmarg aMg 09,1g

og Mmgao0 tgar |r,g 9rlÎ41g ) 4<l1og o<aMg 0ga4g bl,rgR 01 4<mM

ar1410g 4<mtr1mM og U9M9,lr1mM larm6lr1»ag' C1M01R 4g0 Mmgao0 K5R

K5 W HKSR K5 W ?1KS q AOR K5 W ?1KS q jO ''' KHR 0g,mMr o9u1M10 gM aM 

0ga4 9MmMb9 01 4<mM 0t9b1u1g 4g0 /l4ga,0 ltt,mt,19g0 olM0 4g0 bm4mMMg0

jD Z ep' 3g6l,»amM0 »ag rma0 4g0 Mmgao0 o9rg,61M90 og 4l 0m,rg

om1/gMr 0g r,ma/g, ) g0tlbg6gMr 9Ul4 4g 4mMU og 4l o,m1rg »a1 aM1r

K5 gr KH' c1 HKS g0r uma,M1 bm66g Ma4 ma 4l1009 gM Î4lMbR labaMg

U9M9,lr1mM M<g0r guugbra9g gr 4l bl,rg Mg o9u1M1r »a<aM 0ga4 MmgaoR

4g Mmgao K5'



Aj^

3g0r,g1Mrg0 ,1U1og0 ?ulba4rlr1/g0OS d A'

1' Sl,rg og 09tl,lr1mM ?C4O \

ÇEFY3•c(3•HK(•c 3HïHf•cÇ

11' f9u1M1r1mM og0 ,g0r,g1Mrg0 ,1U1og0 ?npR VLR DnnR AnpO

bm4mMMg /l,1lÎ4g

Ma69,m oa Mmgao mv 0<g!g,bg aMg ,g0r,g1Mrgndp K5

,1U1og

HXHL ?K^RnO bmog og ,g0r,g1Mrg oa o9t4lbg6gMr d Ln^

HXHL ?K5RAO bmog og ,g0r,g1Mrg oa o9t4lbg6gMr d «nn

HXHL ?K5RjO bmog og ,g0r,g1Mrg oa o9t4lbg6gMr d çnA

HXHL ?K5RVO bmog og ,g0r,g1Mrg og 4l ,mrlr1mM d Lnj

HXHL ?K5RpO bmog og ,g0r,g1Mrg og 4l ,mrlr1mM d «nV

HXHL ?K5RDO bmog og ,g0r,g1Mrg og 4l ,mrlr1mM d çnp

01 57 ogU,9 og 41Îg,r9 lbr1u

?jOn7 ogU,9 og 41Îg,r9 Î4m»a9

1Mrg,/l44g o<l001UMlr1mM og0 Ma69,m0 ognD d A^ HKS

Mmgao0 tma, 4l U9M9,lr1mM larm6lr1»ag og0

,g0r,g1Mrg0'

An d Ap KH Ma69,m oa og,M1g, Mmgao og 4l 09,1g tma,

4l U9M9,lr1mM larm6lr1»ag og0 ,g0r,g1Mrg0 ?VO



Ajj

3g6l,»ag0 7

nO ig0 ,g0r,g1Mrg0 0a1/lMrg0 0mMr U9M9,9g0 tl, 4g t,mU,l66g gM

/g,ra og 4l o9b4l,lr1mM H(«8• gr M<mMr tl0 ) |r,g 1Mb4a0g0 olM0 4g

Î4mb SdA'

og0b,1tr1mMH(«8• ,g0r,g1Mrg0 uma,M1g0

A r,g14410 jdf ,mrdLR ,mrd«R ,mrdç

j blo,g Adf o9t4d«R ,mrdLR ,mrdç

V r,g14410 Adf o9t4d«R ,mrdLR ,mrd«R ,mrdç'

AO ig0 ogU,90 og 41Îg,r9 Î4m»a90 Mg 0mMr tl0 l00g6Î490 olM0 4l 6lr,1bg

og ,1U1o1r9 U4mÎl4g og 4l 0r,abra,g' C1M01R mM b,9g aMg 9»alr1mM

o<9»a141Î,g tma, bbl»ag ogU,9 og 41Îg,r9 lbr1u 0ga4g6gMr' ig t,mU,l66g

Mg bl4ba4g tl0 4g0 ,9lbr1mM0 olM0 4g 0gM0 og0 ogU,90 og 41Îg,r90

6l1MrgMa0 d,1U1og6gMrd'

jO ig0 01ralr1mM0 0a1/lMrg0 o1brgMr 4<ltt41blr1mM og ,g0r,g1Mrg0 ,1U1og07

d ltta10 omMr mM Mg /gar tl0 g!t41b1rg, 4g0 ,9lbr1mM0'

d Mmgao0 la!141l1,g0 Kj tma, 4l o9u1M1r1mM og0 9496gMr0 gr la!»ag40

Mg 0<lrrlbbg labaM 9496gMr ?mM om1r Î4m»ag, 4g0 01! ogU,90 og

41Îg,r9O

d Mmgao o<aMg 0r,abra,g oa r-tg blo,g ?n ma jO mv 4l ,1U1o1r9 ,mrlr1mM■

Mg44g M<g0r tl0 o9u1M1gR tl, g!g6t4g 01 0ga4g6gMr og0 9496gMr0

,mra490 0<- Jm1UMgMr ?mM om1r l4m,0 Î4m»ag, 4g0 r,m10 ,mrlr1mM0O'



AjA

V d ig 69blM106g og U9M9,lr1mM larm6lr1»ag tg,6gr ) t4a01ga,0 Mmgao0 omMr

4<9rlr og ,g0r,g1Mrg g0r 4g 6|6g gr omMr 4g0 Ma69,m0 0mMr ) 1Mrg,/l44g

,9Ua41g,R og 0g /m1, l001UMg, 4ga,0 ,g0r,g1Mrg0 bm66aMg0 gM aM 0ga4

9MmMb9' H4 M<g0r tl0 1Mrg,o1r og 0t9b1u1g, oga! ma t4a01ga,0 um10

aM 6|6g Ma69,m og Mmgao olM0 4g Î4mb SdA a bmMo1r1mM »ag KXHL 0m1r

bm6tr9 bm66g 0<14 0<lU100l1r og Mmgao0 o10r1Mbr0' 8l, g!g6t4gR 4g0

Mmgao0 pR n^R np gr A^ 0mMr og0 ltta10 ,mra490 o<aMg 0r,abra,g 0tlr1l4g'

ca, 4l t,g61h,g bl,rg og ,g0r,g1Mrg0R mM la,l7

* A^Çp nnn^^^ p

l/gb KXHL t,9l4lÎ4g6gMr o9u1M1 ) V' c1 4l 0r,abra,g g0r 6mo1u19g gr

»a<mM l gMbl0r,g6gMr gM p gr A^R 14 0auu1r o<lJmarg, aMg 0gbmMog bl,rg

og ,g0r,g1Mrg0

^^^nnn np* A^Çp

gr og uma,M1, KXHL y D'

CabaMg U9M9,lr1mM larm6lr1»ag M<g0r g!9bar9g 01 HKS g0r Ma4 ma 1Mo9u1M1'



Ajj

S d jd' 84lMbbg,0 ,1U1og0 ?ulba4rlr1u0O

1' Sl,rg og 09tl,lr1mM ?C4O

Çq8iCKSü•3c 3HïHf•cÇ

11' f9u1M1r1mM og0 t4lMbbg,0 ,1U1og0 ?VnpO

bm4mMMg /l,1lÎ4g

Ma69,m0 oa Mmgao og ,9u9,gMbg tma, 4gndp KH

t4lMbbg, ,1U1og o9b,1r

Ma69,m oa og,M1g, Mmgao oa t4lMbbg,Ddn^ KX8i

?nO,1U1og o9b,1r

1Mrg,/l44g o<l001UMlr1mM og KH gr ognn d np HKS

KX8i tma, U9M9,g, larm6lr1»ag6gMr

o<lar,g0 t4lMbbg,0 ,1U1og0

nD d A^ Ma69,m oa og,M1g, Mmgao lttl,rgMlMrKX

la og,M1g, t4lMbbg, ,1U1og U9M9,9 ?AO

3g6l,»ag0 7

(ma0 4g0 Mmgao0 lttl,rgMlMr ) aM 6|6g t4lMbbg, ,1U1og om1/gMr |r,gnO

Ma69,mr90 gM 0a1rg b,m100lMrg gr 1M1Mrg,,m6tag' KH g0r 4g t4a0

ig 6ma/g6gMr ,1U1og ogtgr1r og bg0 Mm6Î,g0R KX8iR 4g t4a0 U,lMo'

bbl»ag Mmgao oa o1ltb,lU6g g0r g!t,169 ) 4<l1og o<aMg 6lr,1bg og

r,lM0um,6lr1mM umMbr1mM og0 o9t4lbg6gMr0 L gr « gr og 4l ,mrlr1mM

ig0 t4lMbbg,0 ,1U1og0 om1/gMr omMb 0g r,ma/g, olM0ç oa tm1Mr KH'

4g t4lM L« aM1»ag6gMr'



f

AjV

AO 5M tgar ul1,g 4l U9M9,lr1mM larm6lr1»ag og t4a01ga,0 o1ltb,lU6g0

,1U1og0 tma,/a »a<140 bmMr1gMMgMr rma0 4g 6|6g Mm6Î,g og Mmgao0

gr »ag 4g0 t,g61g,0 Mmgao0 og bblbaM 0m1gMr Ma69,mr90 ) 1Mrg,/l44g

u1!g HKS'

CabaM r,l/l14 og U9M9,lr1mM larm6lr1»ag Mg 0g ul1r 01 HKS g0r Ma4

ma 1Mo9u1M1'



Ajp

S d V fgU,90 og 41Îg,r9 1ogMr1»ag0 ?ulba4rlr1u0O

Sl,rg og 09tl,lr1mM ?C4O1'

Çqf'f'i' Hf•K(HÜ.•cÇ

Cbbmat4lUg og0 ogU,90 og 41Îg,r9 ?pnpO11'

bm4mMMg /l,1lÎ4g

Ma69,m oa Mmgao og ,9u9,gMbgndp KH

Ma69,m oa Mmgao omMr 4g ogU,9 ogKADdn^

41Îg,r9 Kffi g0r 0b1Mo9 ) bg4a1 oa

Mmgao KH

ogU,9 og 41Îg,r9 0b1Mo9nn d np Kffi

01 n7 o9t4lbg6gMr d L

A7 o9t4lbg6gMr d «

j7 o9t4lbg6gMr d ç

V7 ,mrlr1mM d L

p7 ,mrlr1mM d «

D7 ,mrlr1mM d ç

1Mrg,/l44g o<l001UMlr1mM og0 KA tma, U9M9,g,nD d A^ HKS

larm6lr1»ag6gMr o<lar,g0 Mmgao0 tma, 4g0»ag40

Kffi g0r 1ogMr1»ag ) bg4a1 og KH'

Ma69,m oa og,M1g, Mmgao KA tma, 4l U9M9,lr1mMAn d Ap KX

larm6lr1»ag og0 ogU,90 og 41Îg,r9 0b1Mo90'



AjD

3g6l,»ag0 £

il tm001Î141r9 o<l00mb1g, og0 ogU,90 og 41Îg,r90R og 4g0 ,gMo,gnO

1ogMr1»ag0 tg,6gr og 016a4g, og0 41gM0 ,1U1og0 olM0 4l 0r,abra,g'

AO *|6g 01 aMg 09,1g og ogU,90 og 41Îg,r9 1ogMr1»ag0 um,6gMr aM

gM0g6Î4g og t4a0 og oga!R 4g t,mU,l66g g!1Ug »a<140 0m1gMr 01UM1u190

tl, bmat4g07 aM la Mmgao og ,9u9,gMbg gr aM lar,g la Mmgao »a1 4a1

g0r l00mb19' 8l, g!g6t4gR tma, aMg tmar,g bmMr1Mag bm6tm09g og K

Mmgao0R l41UM90 tl,l44h4g6gMr ) 4<l!g og0 LR mM 016a4g,l 4l ,1U1o1r9

l!1l4g bm6t4hrg og 4l 0r,abra,g gM o9b4l,lMr Kd4 tl1,g0 og o9t4lbg■

6gMr0 0a1/lMr L bm66g og/lMr |r,g ,9b1t,m»ag6gMr 1ogMr1»ag0' il

/l,1lÎ4g KHf•K( 0g,l l4m,0 9Ul4g ) Kd4' HKS Ma4 ma 1Mo9u1M1 1Mo1»ag

»a<14 M<- l tl0 og U9M9,lr1mM larm6lr1»ag'



Aje

f d HKX53*C(H5K S5KS•3KCK( i•c •i•*•K(c

f d n' *lr9,1la!

1' Sl,rg og 09tl,lr1mM ?C4O

Çq*C(•3HC.LÇ

?npRjXH^'^O11' fg0b,1tr1mM og0 6lr9,1la!

bm4mMMg /l,1lÎ4g

Ma69,m o<1ogMr1u1blr1mM oa 6lr9,1la ?nOndp *C(

6moa4g o<94l0r1b1r9Ddnp •

nD d np 6moa4g og b10l144g6gMrï ?AO

AD d jp bmguu1b1gMr og o14lrlr1mM rbg,61»agSf(

3g6l,»ag07

nO Sbl»ag 6lr9,1la g0r 1ogMr1u19 tl, aM gMr1g, tm01r1u 1Mu9,1ga, ma

9Ul4 ) K*C(R 4g Mm6Î,g og 6lr9,1la! bm6tm0lMr 4l 0r,abra,g'

AO c<14 - l t4a0 o:aM 6lr9,1laR 4<m,o,g og 4gbra,g og0 bl,rg0 og

6lr9,1la! M<l tl0 o<16tm,rlMbg'

jO c1 4g 6moa4g og b10l144g6gMr g0r omMM9 bm66g Ma4R 4g t,mU,l66g

4a1 l001UMg larm6lr1»ag6gMr 4l /l4ga, •TA'DR bg »a1 bm,,g0tmMo )

aM bmguu1b1gMr og 8m100mM og ^'j'



AjI

f d A' cgbr1mM0

Sl,rg0 og 09tl,lr1mM ?C4O1'

Çqc•S(H5KcÇ

8,mt,19r90 og0 0gbr1mM0 ?npR ALR ACVR npR DXn^'^O11'

bm4mMMg /l,1lÎ4g

Ma69,m o<1ogMr1u1blr1mM og 4l 0gbr1mM ?nOndp *c•S(

Idnp og0b,1tr1mM og 4l 0gbr1mM r,lM0b,1rg 0a,K5*

4l uga144g og 0m,r1g ?AO

nD d A^ Ma69,m oa 6lr9,1la bmM0r1rar1u og 4l*C(

?jO0gbr1mM

An d j^ 0gbr1mM r,lM0/g,0l4gC!

jn d V^ l1,g guugbr1/g gM b10l144g6gMrC
-

0g4mM 4<l!g 4mbl4 - ?VO

l1,g guugbr1/g gM b10l144g6gMr 0g4mMVn d p^ C_
4<l!g 4mbl4 _ ?VO

pn d D^ A 1Mg,r1g gM rm,01mM og crdBgMlMr



Ajs

Dn d e^ 6m6gMr o<1Mg,r1g gM u4g!1mM larma,H
-

og 4<l!g 4mbl4 -

en d I^ 6m6gMr o<1Mg,r1g gM u4g!1mM larma, ogH _

4<l!g 4mbl4 _ ?pO

3g6l,»ag0 7

nO Sbl»ag 0gbr1mM g0r 1ogMr1u19g tl, aM gMr1g, tm01r1u 1Mu9,1ga, ma

9Ul4 ) Kc•S(R 4g Mm6Î,g rmrl4 og 0gbr1mM0 o<9496gMr0' i<m,o,g og

4gbra,g og0 bl,rg0 og 0gbr1mM0 M<l tl0 o<16tm,rlMbg'

AO 8ma, og0 9496gMr0 o<lb1g,R mM tgar 1M0b,1,g 4g Ma69,m oa t,mu149

?—n^ L Vs tl, g!g6t4gOR tma, og0 9496gMr0 gM Îm10 ma gM Î9rmMR 4l

o16gM01mM Mm61Ml4g ? I ! nV tl, g!g6t4gO' Sg 6g00lUg Mg 0g,r »a<)

n<ar1410lrrga, tma, 4a1 tg,6grr,g o<1ogMr1u1g, t4a0 ulb14g6gMr 4g0

0gbr1mM0 gr 14 g0r 16t,169 0a, 4l 0m,r1g'

jO fga! 0gbr1mM0 omMr 4g0 t,mt,19r90 U9m69r,1»ag0 0mMr 1ogMr1»ag0 6l10

omMr 4g 6lr9,1la bmM0r1rar1u o1uuh,g og/,mMr |r,g bmM01o9,9g0 bm66g

oga! 0gbr1mM0 o1uu9,gMrg0'

VO ig0 l1,g0 ar14g0 gM b10l144g6gMr Mg 0mMr 1Mo1»a9g0 »ag 01 4<9Mg,U1g

og b10l144g6gMr om1r |r,g bmM01o9,9g olM0 4<lMl4-0g'

pO 8ma, bg,rl1M0 r-tg0 og t,mÎ4h6g0R 14 M<g0r tl0 mÎ41Ulrm1,g o<1Mo1»ag,

rmarg0 4g0 t,mt,19r90 9Ma69,9g07 4g rlÎ4gla 0a1/lMr 144a0r,g 4g0 /l■

4ga,0 »a1 0mMr ,g»a10g0 tma, 4g0 bl0 ,gMbmMr,90'



AV^

0gbr1mM
r,lM0/g,0l4g

l1,g0 gM 
b10l144g6gMr

1Mg,r1g
rm,01mM

gM 1Mg,r1g0 gM 
u4g!1mM(-tg og 0r,abra,g

C C C N H H! - ç ç-
n' Slo,g jdf ma1 ma1 ma1 ma1 ma1 ma1
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Modble original, initialement droit
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Appendice A.3.2

Géométrie tenant compte des glissements
inélastiques - déformée résiduelle
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