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- CDEFGHIJFK LD GCFMJDKINIJFK 34445OP3QR LCHK SFKFTMJUING LD THJEMD LVWFMS V DK
TFSXMDUUJFK XGNKD LNKU HKD SNIMJTD DKTNUIMDD DUI DIHLJDD N XNMIJMLD WJYHMDU LD XFGDU
MKDUHMDDU XNMLJWWMNTIJFK LDUMNZFKU X DI LDUKDHIMFKUXFHMSDIIMDDK DEJLDKTD GCDEDKIHDGGD
JKWGHDKTDLH WMFIIDSDKI LNKU GDTNULDGNLJWWMNTIJFK LDUMNZFKUX DI JXNMIJMLCFMJDKINIJFKU
JKLJEJLHDGGDU SDUHMVDU XNMLJW,MNTIJFK LDU DGDTIMFKU MDIMFLJWWHUDU9

- CHIJGJUNIJFK LD TDIIDLDMKJDMD IDT[ KJ\ HD DUI XNMIJTHGJDMDMKDKI JKIDMDUUNKID XFHMUDXNMDM
GDU TFSXFUNKIDU LD GNSNIMJTD LD TDGGDU LDU ] NKLDU LD TJUNJGGDSDKI \ HJ UD LDEDGFXXDKI NH
TFHMU LD GN LDWFMSNIJFK̂

#D SFKFTMJUING LCFMJDKINIJFK _PPP̀ OP3QR UD LDTFSXFUD DK LDHa LFSNJKDU LJUIJKTIU
XFUUDLNKI MDUXDTIJEDSDKI =DU FMJDKINIJFKU _PP3` O,, PR _FMJDKINIJFK N GN\ HDGGD DUI GJDD
GCNXXNMJIJFK LDU] NKLDULDTJUNJGGDSDKI` NEDT HKDLJUXDMUJFK EDMU_PP1`O33PRDI %CFMJDKINIJFK
_PP4̀ O44PR\ HJ9XFHM=DUYMNKLDULDWFMSNIJFKU9 IDKL N IFHMKDMEDMU%CFMJDKINIJFK _%P4̀ [l P3R^

' K JKIMFLHJUNKI HKDTFSXFUNKIDLDTJUNJGGDSDKI UQP LNKUGDIDKUDHMLDLDWFMSNIJFK LD
GNSJKNYD9 GD SFLDGD LC! MSJKbFK DUI HIJGJUD NWJK LD UJSHGDMDK LDWFMSNIJFK [ FSFYDKD
GCDEFGHIJFK LD cCFMJDKINIJFK _PPP̀ OP3QR EDMU GDU FMJDKINIJFKU _GP3` O%,%R DI _PP4̀ O44PR^

) XJDMNbdT UJe KN XFSJNMNT[ WJYHM] JDYHKFf ZT[ SDIFLd LZWMNgTbJ MDKIYDKFYMNWJThKDb
J LZWMNgTbJ KDHIMFKi f FMNhXFSJNMNT[ XFbDLZKThZT[ FMJDKINTbJ f SJgMFUgFXJD UgNKJKYFf ZS9
UT[ NMNgIDMZhFf NKF MFhf i b IDgUIHMZ XFLThNU KJDUf F] FLKDYF j TJUgNKJN f SFKFgMZUhINGD
SJDLhJ F FMJDKINTbJ _PPP̀ OP3QRh Hf hYGeLKJDKJDS DWDgIi f KJDbDLKFMFLKFj TJ FLgUhINGTDKJN
_XNUS j TJKNKJǸ J f XkZf H INMTJN̂ AFSJNMZ JKLZf JLHNGKZT[ FMJDKINTbJ HSFl GJf JkZ
f ZMi l KJDKJD UgkNLFf ZT[ IDgUIHMZ YGF] NGKDb hf JdhNKZT[ h MFhf FbDS XNUS j TJKNKJN̂
< ZgNhNKF9 l D f XMFTDUJD KJDUf F] FLKDYF j TJUgNKJN SFKFgMZUhINk FMJDKINTbJ _PPP̀ OP3QR
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1. Introduction 
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2. Mater iau et techniques exper imentales et numer iques 
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3 *. , (0 8( M(E67. < , ( 6+?)*E*&. ' ( '&. ' )( . 7+: (6( '7+0 6(0 ! F= 8( )(8+, ' *7. $

N*C$ 4$ O, - (3 & 8+ 8*0270*' *E 8( , 73 2)(00*7.

P& 3 *, )70' )+, '+)( ( ' 6& '(1'+)( 8(0 ( , - &. ' *667. 0 8A7)*( . '&' *7. *. *' *&6( ;! ! ! >[DJ] 
07. ' &67)0 &. &6L0( (0 &2)(0 8*EE()( . '0 '&+1 8( , 73 2)(00*7. ;'&?6(&+>$ P(0 8(E7)3 &'*7. 0

( / +*: &6( . ' (0 07. ' , &6, +6( (0 ( . +'*6*0&. ' 6( , )*'( )( 8( : 7. %*0(0 ;EQ R4. HO
; &: ( ,

v 3 H 
H0 6& - &+'(+) *. *' *&6( 8+ 3 7. 7, )*0'&6 ( ' H 0& - &+'(+) & @A*. 0'&. ' '&+1 , 7+)0 8( 6&
8(E7)3 &'*7. >$

TABLEAU 

S&6(+)0 8(0 '&+1 8( 8(E7)3 &'*7. ( '+8*(0

T&L7. 0 X U(+')7. 0 VBO5

9<#W

*X 9<" Y 9<" Y 9<" Y

#<9Z ! <WZ !<WZ

P(0 E*C+)(0 8( 276(0 07. ' 3 (0+)( (0 2&) 8*EE)&, ' *7. 8(0 )&L7. 0 X ( ' 8(0 . (+' )7. 0
0+) 6& E&, ( 8( , 73 2)(00*7. 8+ 3 7. 7, )*0'&6 ;26&. V5 HM5 [ V5 ( ' M5 07. ' )(02( , ' *: ( \
3 ( . ' @(0 5 *)( , ' *7. 0 8AV, 7+6(3 ( . ' ;7+ V1' ( . 0*7. 5 *)( , ' *7. > ( ' M)&. 0: ( )0( ;7+
M)&. 0: ( )0( 5 *)( , ' *7. >> &67)0 / +( 6(0 7)*( . '&'*7. 0 *. 8*: *8+(66(0 07. ' 3 (0+)( (0 2&)
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U7)3 &6( &+ 26&. 8( , 73 2)(00*7. ;7+ U7)3 &6 5 *)( , ' *7. >>$ M7+'(E7*0< 8&. 0 +. 07+, *0
8A- 73 7C( . ( *' K<'7+0 ](0 )(0+6'&'0 07. ' 8K, )*'0 07+0 6& E7)3 ( 8( E*C+)(0 8( 276(0 ^ ! ! ! _
)(2)(0( . ' ( (0 8&. 0 6( 26&. 8( , 73 2)(00*7. $

#̀



! "

! #! # $ %& ' ( ) * %+ , , ' & - . %/ ' -

0) 1+&2.-33%+, 24) , - 5- &+, +1.%3*) ' 6 2-.&-* 5- 3%&' 4- . 4- 4)&%, )7- -*
2- .&-* )%, 3%5- *-3*- . 5-3 &+5-4-3 5- 3%&' 4)*%+, 5-3 *-6*'. -3 1+.. -32+, 5) , *-3#
8-1%9-*) , *: 5) , 3 4) 2.-3- , *- -*' 5- : %4 , - 3;)7%* 2)3 5- *-3*- . 5-3 &+5-4-3 +' 5-
4-3 1+&2) .- . &)%3 5;- , ' *%4%3-. ' , : - , 4;+11' .- , 1- 1-4' % 5;< .& %, =+ , >?: @A
)B%, 5- &%- ' 6 1+&2.- , 5.- 5- / ' -44- &) , %- .- 2- ' * CD+4' - . 4;+.%- , *)*%+, 5;' ,
&+, +1.%3*)4 ) ' 1+'. 3 5- 3) 5-B+.&)*%+, # E+*+, 3 / ' - 4- &+5-4- 5;< .& %, 9
=+ , ) C*C 1F+%3%2) .1- / ' ;%4 ) B)%* 4;+G=-* 5- 24' 3%- '. 3 C*' 5- 3 ) ' 4)G+.) *+%.- -*
qu'a 2.%+.%: %4 5+, , - 5- G+, 3 .C3' 4*)*3 >H: I A 2+'. 4-3 &)*- .%) ' 6 5- 3*.' 1*'. -
1' G%/ ' - 1- , *.- - # E+*+, 3 - , B%, / ' - 4) *.) , 3B+.&)*%+, 5- 1- &+5-4- 2+'. 5-3
&)*- .%) ' 6 1' G%/ ' -3 ) B)1-3 1- , *.- -3 -3* *.-3 3%&24- 2' %3/ ' - , ;%, *- .D- , ) , * / ' -
3'. 4) 5-*- .&%, )*%+, 5-3 3J3*-&-3 5- 74%33-&- , * 2+'. )11+&&+5-. 4) 5-B+.&)K
*%+, / ' % -3* .-) 4%3-- ) 4;)%5- 5' 2+4J-5.- 1.%*%/ ' - 5- B %3 F +2 -* H %( ( >LA
5+, * 4-3 3+&&-*3 3+, * 4-3 -*) *3 5- 1+, *.) %, *-3#

M, B%, : 1+&&- 1- &+5-4- -3* ' *%4%3- 5) , 3 3) D- .3%+, 14)33%/ ' - : 1;-3*9)95%.- : 3) , 3
2.- , 5.- - , 1+&2*- ' , - -D- , *' - 44- FC*C.+7C, C%*- &)1.+31+2%/ ' - 5- 5-B+.&)*%+, 4%- -
) 4;)22) .%*%+, 5-3 BCM, 3+, ' *%4%3)*%+, -3* 5+, - 2.%, 1%2)4-&- , * 4%&%*-- ) 4;-*' 5- 5-3
B)%G4-3 5-B+.&)*%+, 3 4+.3/ ' - 1-3 BCM )22) .) %33- , *#

E+*+, 3 / ' - 5) , 3 1-**- -*' 5- : 3- ' 44;) 32-1* / ' )4%*)*%B-3* &%3 -, )D) , *: 5) , 3 4- 3- , 3
+' , +' 3 3+' F)%*+, 3 1+&2.- , 5.- 5- / ' -44- &) , %-.- 3- 2.+5' %* 4;CD+4' *%+, 5-
4;+.%- , *) *%+, N(( ( O>PQA-, 3' 22+3) , * G-%, 3' . / ' - 4) 1+&2.-33%+, 24) , - - , 1)3*.- -
2- .&-* 5- .- , 5.- 1+&2*- 5- 1- / ' %3- 2)33- ) ' 1+'. 3 5' 4)&%, )7- # < ' *.-&- , * 5%*:
R;) 32-1* / ' ) , *%*)*%B, ;-3* )G3+4' &- , * 2)3 )G+.5C 1- / ' %-624%/ ' - / ' - 2) . 4) 3' %*- :
D+4+, *)%.-&- , *: 4-3 *) ' 6 5- 5-B+.&)*%+, , - 3+, * 2)3 %, 5%/ ' -3#

3. Resultats 

S#(# < , )4J3- 74+G)4- 2) . 5%BB.)1*%+, 5-3 .) J+, 3 X 

0) B%7'. - ! &+, *.- 4;CD+4' *%+, 5-3 B%7'. -3 5- 2+4-3 T ( ( ( U & -3' .C- 3: 3' . 4) 3'. B)1-
5- 4;-1F) , *%44+, : 2) . 5%BB.) 1*%+, 5-3 .) J+, 3 X 2+'. 5%BB-.- , *3 *) ' 6 5- 1+&2.-33%+,
(e V " :! I : e V " :LS -* e V ! :" @O#

< ' 6 B)%G4-3 5-B+.&)*%+, 3 (e V " :! I WB%7'. - ! )O: 4- 1.%3*)4 3- 5-1+&2+3- - , 5- ' 6
2) .*%-3 ND+%. B%7'. - ! 5O# 0) *.+%3%-&- 2) .*%- : 5- B+.&- *.%) , 7' 4)%.- : 3%*' - - - , *.- 4-3
5- ' 6 2.-&%-.-3: 1+, 3- .D- ' , - +.%- , *) *%+, 2.+1F- 5- 4;+.%- , *) *%+, %, %*%)4- -* 5+, - , -
2.C3- , *- / ' ;' , %, *- .-* 4%&%*CW1;-3* 2+'. / ' +%-44- , ;-3* 2)3 2.%3- - , 1+&2*- 5) , 3 4)
2.-3- , *- -*' 5- # 0) 5%32-.3%+, ) ' *+'. 5- 4;+.%- , *)*%+, N( (( O>(! SA CD+4' - )4+.3: 3-4+,
4) 2) .*%- 1+, 3%5-.- - : D- .3 4-3 +.%-, *) *%+, 3 N( ( ! O>X4A-* N??! O>YY?Q2) . 5-3 .+*)*%+, 3
5- 3- , 3 +22+3- # 0+.3/ ' - 4) 5-B+.&)*%+, ) ' 7&- , *- (e V " :LSWB%7' .- ! GO -* / ' - R-3
Z8 [ 3- 5-D-4+22-, *: 4;+.%-, *) *%+, N( ( ! O>X4A-D+4' - D- .3 N( ( \ O>! ! ( A-* 4;+.%- , *) *%+,
N??! O>Y]$A 5%32) .)%* ) ' 2.+B%* 5- 4) 1+&2+3) , *- 5- ^ +33 N( (" O>" " ( A 2) . ' , -



21 

(a) (b) 

(c) 

TO 
[111) //ND/ 

,----t 71. 
/ 

.[123]//EO 
- ~ / 
(552)[115] f,2)[11 I) 

T-l111lli23l 

6_-ll1l ) l22 li 

y'-liil ll221l 

A-1112111 i 11 

'1-11i2) [ 111) 

! -(110)1001) 

G-1110J1112J 
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(d) 
Fig. 2. Figures de poles { 111} mesurees par diff raction des rayons X pour differents taux de compression: 

(a) e = 0,28; max = 15,7; niveaux = 0,5, 1, 2, 5, 10, 15. 
(b) e = 0,93; max= 12,0; niveaux = 0,5, 1, 2, 5, 10. 
(c) e = 2,06; max= 21,8; niveaux = 0,5, 1, 2, 5, 10, 15, 20. 
(d) Schematisation du monocristal apres deformation 
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4. Conclusion 
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