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Fig. 1. The 6 consonant visemes. Fig. 2. The 7 vowel visemes and | silence viseme.



Table 1. Phonemes and visemes in English language.

Phone Phonemes Example | Visem Phone Phonemes | Example | Visemes
L‘|;L‘-‘:GL‘.'-\ Wi II'L|.'-- (5] L‘|:l.‘w.‘~uL‘.‘-\ W 0I'\|.‘-\
b bee B ae bat AL
d day D . ch bet AL
- Front - -
Stops o Ay { ! !h bt 1H
k key ( iy beet 1H
P pea B aa bott AA
t tea D . ah but AH
Affricates \..'h f.'l]\"l\\.‘ ( :] [ Mid a0 lm_nuuhl AO
ih joke CH er bird ER.
dh then D uh boolk LUH
- - - Back -
I fin F LW boot LUH
5 sea D aw bout AAUH
Fricatives sh sh_c CH _ ay l\iL_c .-\.-\_.]] |
th thin D Diphthongs ey bait ALIH
3 van I ow boat AOUH
z zone D oy boy AOJIH
zh azure CH Silence h# !
m mom B
Nasals n noon G
ng sing G
| ey G
- - i)
Glides ' = R
Wiy R
y yacht [«
Whisper hh hay &
{a) Consonants (b} Vowels and silence
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C3-("D C1$<-'D-"C 9#+1% D B

0.5

variahle Petit

0.2

0920 140 160 180 200
taille en cm

1_

0.87

_ 5
variable hoyen D.rl%
0.2

0920 140 160 180 200
taille en cm



0.57

vatiable Grand

0.21

09207 140 150 160 170 180 150 200
tallle en cm
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1_

0.8

0.5

variable floue Petit

0.4+
0.24

04407180 160 170 180 190
taille en cm
17
0.8
III.E-E
variable floue Moyen ]
Q.41
0.2

0%40 150 160 170 180 190
taille en cm



0.8
0.5
variable floue Grand ]

0.4

0.2

U%40 160 1800 1700 180 190
taille en cm
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I )ou#
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5$1"($!10 9+&00(-!1-0)

fonction d'appartenance de type trapéze

4
2
1
degré de verité D-E
4
2

os 1 15 2 25 3
grandeur d'entrée



fonction d'appartenance de type gaussienne

12
0.8
0.4
L 1 2 3 4

grandeur d'entrée

-0 5$!"($10 031" +33-,2-0 5$I"($10 YoW+3I3+4"1H¥ - -0 "++"24(0-I" WH+33+"-1+!"- %WE!-
A+H(+. - YoW-1"#2- 6 &) (I"-#A+,,- 5,$&) | 3-8 "HEBA-# %o+!0 + ,("2#+"&#- -0 "-#1-0 5$!"($10
%- AH+(O-1.,+1'- E'+HH+"2#(0+!" - %-OH2 %- WIMER A+H#(+.,- 5.3&- -! 5SI"(S! %o- + OH#+1%-&#
YW-I"#2-F $& -I'$#- 5" ($! %- "#+105-#")

& ' *

0 o 0625(1(00-1" -0 A+#(+.,-0 5,$&-0 +00$'(2-046 184-&# %o>-1"#2-)
+10 - '+0 %- ,>-:-13,- 0&# ,- ', +00-1-1" 3+# "+(,,-0 (I"-#A+,,-0 5,$&0 Y- + OH#+1%-&H# Yo>-I"#2-
0$!" -0 A+#(+.,-0B -"(" $<-1-" #+1%)

3( )0*

+33-,,- (! )1 * -0 #79,-0 :&( #-,(-!" -0 A+#(+.,-0 5,$&-0 %H&#X0"71- -I"#-
-,,-0 3$&# +.$&"(# +&; A+#(+.,-0 5,$&-0 %- -OB#70)-0 0$!" -! 3#+"(:&- $."-1&- 6 3+#"(# %-0
#79,-0 ,$9(:&-0 &0&-,,-0 "-,,-0 :&- -"ZP&Z!$|Z¥,$#0

+#--13,- B
$1%("($! 4 '$I%('($' E4  VF +"($! 0&# ,-0 0$#"(-0)

(10( O( $! '$10(%7#- &! 0<0"71- '$1%6&"-&# Yo- ABE":&( +HH(A- 6 &) 5-& "#('$,$#- + #2+"($! %&
0<0"71- 0- 5-#+ 0-,$! ,-0 #79,-0 B

- 5-& -0" #$&9- + A("-00- -0" 2,-A2-  ?- #+,-1"(0 5$#")

- 5-& -0" #$89- 1+ A("-00- -0"5+(.,-  ?- #+,-1"(0 5+(.,-1-1")

;- 5-& -0" $#+9- + A("-00- -0" 5+(,- - #+,-I"(0 5+(.,-1-I")

- 5-& -0" A#" + A("-00- -0" 1$<-11- 2>+"2,7#- 5+(.,-1-")
+0 2" =13~ (, < + &1- AH#(+.,- 5,38 %>-I"#2&( -0" + &1 AH(+. -
5,8 %- O$#"(- :&( -0" ) + A+, 0" &l- AHH(+.,- 1" - - 1= 3-&"

3H-106H- & "HS(0 A+,-&HO #$&I- $HHO- AHTO-0 %$!12-0 0( %-008&0 %2"-#1(I-!I" -0 ,(+(0$!0
g 1"$2-0 =" 0$#'(-0 %& 0<0"71-)

-0 #79,-0 +9(00-1" 0&# ,-0 A+#(+.,-0 5,$&0POEE- M B C '$1%("($! -"Z$&Z!$! E'$!%("($! F D
5$#1- &1- IS&A-,,- A+#(+.,- 5,$8&) | 3H+"(:&- -2 Yo- A2#("2 %o + A+H(+.,- 5,3& $."-1& -0" -
3,80 O$&A-I" $."-1& +A-' &!- %-0 12"=$%-0 0&(AB!"-0



32#+"-&#t 32#+" (B! 0&# ,- %-9#2 %- A2#("2 B
g (1(1&1
#3%& ("
& +(1&1
+,-&# 1$<-11-
$! 513, 21-1"+(#- %-

5 "™22*

-0 A+,-&#0 & 1380 $."-1$10 OHG'- +&; #79,-0 GBHY'- 0$!" ~3#(12-0 -! "#1-0 %- %-9#2 %-
(72 " %S 1 "#1-0 % 5SI"(SI0 %>+3ZHE-L | #-0" LI+ 6 SIAH(# -0
(I5$#1+"($10 -1 9#+196-&#0 1-""-0 %- 0$#"(-) $&H%-&; 12"=$%-0 0$!" &"(,(02-0 B

2"=$Yo- 3+# #-'=H=- Yo + A+ -&# 1$<-11-)

2"=$%- %8& 1+;(1&1)

, 0>+9(" %- %2"-#1(1-# >(1"29#+,- %- .+ SSHEBH-1+1'- %- OS#"(- -" %>-1 '+,'&,-# ,+ A+,-&#
1$<-11- 3$&# 5(1+,-1-1" #-'=-#'=-# ,+ O#+1%-&# WUB#H"(- '$##-03$5!%+!"-)

IValeur maoyenrie de l'mtégralel

1.2/
degré de vértié 0.8
0.4 /_/

D 2734 5 6
grandeur de sortie

| 3+#" %8 3H#(I'(3- :&- ,+ WH+I%-& Y- OSH"(- +BHBI0 =+&" %-O#2 Yo- A2H("2 -0" - #208:"+" :&( A
0$#"(#)

(1+,-1-1" - 34$"-0080 %>-0"(1+"($! H4G'- 6 4:$95 $&- -0" - 0&(A+!" B



prandenr
d'entrie

Erandemr
d'entrée

prandenr
d'entrée

variables

fonctions 4'appart-
enaneel mteralles

flous

floues

fonctions 4'appart-
enaneel mteralles

flous

wariable
floue

fonctions 4'appart-
enaneel mteralles

flous

wvariables
flones

B

Fuzzification

EEples
d'interférences

variables
flones

Diéfurmification

prandent de zortie




- HAHE O- 'HEH2H(0- 3+# &I- SHOHI(O+"(SI"BER) ;- 6 +1+,<O-# %8& 5+(" %& HH+1% I$1.#-

%- '-,,&,-0 ,-0 -&#$!-0 -" %- ,(-!0 -!"#- '-,,&) ,-0 '$!!-;($!0 0<!+3"(:&-0 :&( ,- '$13%0-) ,

-0" '$&H#+11-!" +%1(0 :&- ,- '=(55#- 1$<-! %- -&#$!-0490 ,- '-#A-+& -0" %- ,>$#%#- %o-
"H106(0 & - 1$1.H- %- '$I-($10 -0" -0"(12 6 ) - O#+1% I$1.H- Y- 1-&HSI-0 - %-
'$11-1($10 'BI%&(" 6 &! -I'=-AL"H#-1-1" :&( -0" +&2BEHU>=&( -I'BH- "#70 %(55((,- 6 +33H2=-1%-#)
- 3,&0 "$&0 ,-0 I-&#$!-0 %& "-#A-+& 1>$!" 3+0 - H#'=("-"&#- !( ,- 1L1- #S,- +& 0-(! %-
S>SHI+HI(0+"(B! 92!12#+,-)

& %W+#"(0"- %-0 #20-+&; 1-&#$1+&; .($,$9(:&-0

$&0 +,,$!10 1+(I"-141" 3#20-1"-# ,-0 %(552#-1"0 '§'&+!"0 %& '-#A-+& 1$! %>&! 3$(!" %- A&-
+1+"$1(:&- 1+(0 %>&! 3$(!" %- A&- 1+"=21+"(:&-)



GBI -1 8S&I("2 'BI0"("&H" V68 HAG 12#("- &) #-9+HY% 3+#'(&,(-H#) | 1-&HSI-
($,$9(:&- -0" '$10"("&2 %- "#$(0 3+#"(-0 %@ QL'+00&#-I" B

&1-'$,,-"- %>(I5$#1+"($!

S("20#+"($! %- "= (I5$H1+"(S!

+#-0"("&" (B! %- ,>(15$#L+" (P! A-#0 %>+&*8)0 -,,&,

+ '8, - S(I5SHL"(S! -0" -55-"82- 3+# -AUBE("-0 %& -&HS$- &( #2'-3"($N-"
S5+ ($! %-0 &I("20 +552#-1"-0 3+# ,>('#L12%60+ '$11-;($10 0<!+3"(:8&-0) -"-
(I5$#1+"($! -0" + $H#0 +'=-1(12- OH#G"- 6 &! 3#$-0R&OHS'=(1(:&- A-#O + -, &- -,,-P1L1-
[&( (I"TYH- - (I5SHL+"(S! +& O-(! %- OS! I$<+ZD+ -1-1" +33-,2 0$1+) -""- (I5SH1+"($!
&!- 5$(0 "H#+("2- -0" #23-#&"2- -1 O$H#"(- Vo5, &-'A-HO ,>+:$!- :&( 3H$3+0- "= (I5$#1+"($!
A-#0 %>+&"#-0 -, &,-0 A(+ ,-0 +;$1-0 "-#1(1+&$M5;($10 0<!+3"(:&-0)



&- %o>+#"(0"- %-0 '$!1-;($!0 1-&H#$!+,-0 %+!0 , AH#&) -,,&,-
21-"H(- -l =+&" -, &,-0 #2'-3"#(-0 -1 .+0)

3#70 -0 3#-1(7#-0 2"8%-0 %-0'#(3"(A-0 %& !-§HB!® AO 3#-1(-#0 1$%7,-0 %- I-&#S$!-
5$#1-,) - 15%7,- %- -&#S!- 5$#1-, - 3,&0 '$&H+11-1"'§(02 -0" - &( %- ' &, $'= " ("0
JFK) - 189%2,(0+"($! ES(9&H- )AF '+H+"2#(S13$#"-1-1" %& '“HA-+& 3+# >+O#29+"($!
%- -,,&-0 2,21-1"+(#-0 '=+&l- -55-"&+!" &I- 0$114S$! 3$1%2#2- %-0 -I"#2-0 - #20&,"+" %-
L 0$11+"($! 2"+ -10&("- "HHOSSHL2 3+# &I- SHB! %- "HHOS-#" IS! ,(12+(#-) , 5+&" 1$"-#
&- =" BIM(S! IS! ,(12+(#- 0" (1%(03-10+.,- 6"$&" 0<0"71- %- %2'(0($! -" 3-#1-" (( %-
%(0"(19&# ,- 1-&#$!- %>&! 0(13,- 0<0"71- %- "+AB(S(12+(#-)

P1-&#P!- 5S#1-, -55-"&- %$!" "$&" %>+.$3#% &!- 051 P46-0 A+,-&#0 %>-1"#2- -0 A+,-&#0 2"+!"
3$!%2#2-0 3+# %-0 3$(%0 0<!+3"(:&-0 :&( 0% WABA>&! 3#$'-00&0 %>+33#-1"(00+9- -" :&(
3-#1-"-1" +& 1-&#$!- %- 0- 032'(+,(0-# -! 5$!I"'($%>&!- -##-&# '+,'&,2- 9212#+,-1-I" -
'$&'=- %- 0$#"(- %>&! #20-+& %- "-,,-0 '-,, & "OR"“+3- %- 0$11+"($! '$##-03%!% 6 ,+'$,,-""-

26 S04+ (B! %- S(ISSHLH(S]) - A+ -AQYMEHS! (I"-#1- -0" -10&("- 1$%(5(2- 3+# ,+



5$I"($! Y- "HHOS-H" 1S (12+(H# &( 3-#1-" Yo>HtE-+ A+ -&# -55-"(A- %o- >+"(A+"($! %- +
& At &t &( O-#+ #H23-#&"2- -1 O$H"(-)

. 2| /S

fonction de
transfert

somme pondérée

des entrées

1-&#$!- 5$#1-,

+ 5SI"($! %- "H#+I05-H" 0- %B(" Yo>L"#- I$! (IPH@ - 1$! | (12+#("2 3-&" L"#- -;3#(12- %-
%(552#-1"-0 5+Q$!0) $&0 3#20-1"$10 ('( :&-,:&-0($H 3$00(.,-0 B

- 5$I"($! 6 0-&(,)



+ "+19-1"- =<3-#.$,(:&-

- 0(91$[%- 0"+!%+#% E$& 5$!"($! ,$9(0"(:&F

-0 3-#-3'#$I0 1&,"($&'=-0 03" -0 #20-+&; ,-0&%) -13,$<20 " -0 3,&0 2"&%(20) -&;
+ H2A(+'($10 +19,+(0-0 0$!" &"(,(02-0 %o+ @484 BS8H# -0 I$11-# B 3$&# &,"( +<-#
H-3HSI0 - #(5((+, -&#+, -"I$#U0)



| 3-#-3"#$! 1&,"($&'=- -0" '$13$02 %- 3,&0(-&#0 &'=-0 %- -&#S$!-0 -" %- '$!I-($!0) -

I$1.4#- -0" +& 1$(10 29+, 6 %-&; O(9!(5(+!" +(10( ;&#20-+& 3$007%- %-&; '$&'=-0 %- 3$(%0
&l- '$&'=- %- O$H#"(- -" &I- '$&'=- '+'=2-) - I$1.H  %- '$&'=-0 '+'=2-0 %2"-#1(- +
'$13,-;("2 %-0 5#$!"(7#-0 %-0 %(552#-1"0 0$QOP&3- #20-+& 3$&H#H+ #-3#20-1"-#) +
'$13,-:("2 %- ,>+33H$;(1+"($! -0" 20+,-1-I" %2"-H1(B+# - 1$L.H#- %- 1-8&H$I-0 %- '=+:&-
'$&'=- 3&(0:& - I$1.H#- %2"-H#1(- - 1$1#- 1+;(1+, %> (I5$#1+"($0 :&- - #20-+& 3-&"
SR %& 0(91+, "HH("2) + '$&'=- Y6>-I"#2-03BH+!" - 3,&0 0$&A-!" 6 &! A-"-&# %-
%$!12-0 (008 %>&!- 3=+0- %b- 3H2"#+("-1-1" I>-OAZBO.,-1-1" '$I0(%24#2- '$11-
+33+H" 141" +& #20-+8)

couche de sortie

2#me couche de poids

couche cachee

=% couche de poids

couche dentrée 777

20-+& 6 %-&; '$&'=-0

-0 "<3-0 %- #20-+&; O$!" "#70 &"(,(020 3$&HIH(GO4!- E%- 5$#1-0 %- ,+ 3+#$,-F 1+(0
20+,-1-1" 3$&# $."-1(# %-0 3#2%("'($!0 %(A-#0)

" # $

-0 1$%7,-0 6 +&"$P$HO+I(0+"($! I- 0&(A-I" 3+0 1I001B#('(3-0 :& ,-0 3-#-3"#$!0
18,"($&'=-0) >+&"SPSHO+(0+"($! 3-#1-" %>$."- LB & :&( #23$1% +&; 0"(1&,( :&( ,&( 03!"
3#20-1"20 -1 -I"#2- 0&(A+!" &!- ' +00(5(+"($! t&Q" 3+0 %$!I2- + 3H#($#( 3+# ,- '$!'-3"-&#)
(10( 6 ,>(IA-#0- %-0 3-#-3"#$I0 -+ #23+HE-H"(A+"($10 -1 5SI"($! Yo- ,>-I"#2- 1- 3-&" 3+0
L"#- '$11&- +A+!" + 5(1 %~ >+33#-1"(00+9-) +#PIS! %-0 0"(1&,( 0&# ,+ '$&'=- %- O#"(- :&(
-0" 9212+ ,-1-1" &I- '+#"- &) -03+- 6 %-&; Y(1-10(F 3-#1-" %>$."-1(# &!- #23+#"("($! %-0
5$#1-0 3+# 34$;(1("2 %- ,-&HO "+#+"2#(0"(:&-0)OKBIL&, ( O$!" %S!' $#9+1(020 O&(A+!" &!-
0$#"- %- '$I"(18&&1 3-#-3"(5 %-& 5$#1-0 A$(0(4 P&+#"- +&"$SPSH#I+(02- 3$&A+!" L"#-
'$10(%2#2-0 '$11- 3#$'=-0 %+10 ,>-03+"- %-0 S+H#+1THOH#2- 0&(A+H" + %(0"+!'- :&( + 2"2
&"'(,(02- ,$#0 %& 3#$'-008&0 %>+33#-1"(00+9-)"] BH#2EE3,- &! #20-+& %- $=$!-!

$."-18 %+10 &! 3#S.,71- %- #-'$!1+(00+!- %- A(071dH *K B



+HH'- +&"$P$HI+(0+"#('- Yo- $=9!-!

- #20-+& -0" '$10"("&2 %- "#$(0 3+#"(-0 B ,+ W& EH2- &( #-Q$(" -0 A+,-&HO (00&-0 %- ,+
3=+0- %- 3H2"H+("-1-1" -+ '$&'=- %-0 '$!1-;($10 (&B-#1-""#+ Y%o- '+,'&,# 1+ Yo(0"+!'- -I"H#- &I-
5$#1- %>-1"#2- - &! 2-& %- 3$(%0 '$I0(%2#B&"S+%- 0$#"(- :&( 3-#1-" Y%- 5+(#- #-00$#" (#
S&I("2 A+(1:&-&# Y%- + 3,+:&)

- 3#(I'(3+, %25+&" %-0 1$%7,-0 +&"$P$#O+(0204$1E -, %- $=$!-! -0" 28&0"-1-1" +
I$! 0&3-#A(O($! %- ,+ 3=+0- %>+33#-1"(00+9 (BB %-0 5$#1-0 0&H# + 3,+:& %- O$#"(- O-
5+(" 0-,$! &! 3#$'-0080 I$IPO&3-#A(02 :&( !- H0$,&1-!" 3+0 '$13"- %-0 %(552#-!"-0 ', +00-0
<(0"+1"0 " %$! %- .+ 0<1.$,(:& +00$'(2- +& O(Wo>-1"#2-) + 3#(0- -1 '$13"- %- +
A+H#(+.(,("2 %& 0(91+, -! 5SI"($! %- + ' +00(2-0BDR" %S #+3(%-1-1" %-A-1(# &! 3#$.,71)

+ 3=+0- 3$0"2#(-&#- 6 ,>+33#-1"(00+9- -0" H!¥@#6- + 0<1.$,(:& +00$'(2- 6 '=+:&-

&I("2 %- + '$&'=- %- O$#'(-) +(0 ,>+33#-1"(A0*&- ', +00(5(+"($! %- A(071-0 "#70 3#$'=-0
5$&HI(" 3+#5$(0 %-0 #208&,"+'0 3#-0:&- (I-B)$("c + +,$#0 3,80 Y%>+&"#- '=$(; :&- Yt #2+,(0-
& IS&A-, +33#-1"(00+9- -1 -0324+1" $."-1(# &!- 15(&#- :&+,("2)



& #7 )l## |

% & # '

I HH2H(0" (& %-0 #20-+&; Y%- -&H$I-0 -0"#,-8&3+("2 6 +33#-1%#) +(0 -"-
'$1+(00+!'- 1>-0" 3+0 +:&(0- %70 ,- %23+#")&B-B4" %-0 #20-+&: Y- 1-&H#$!-0 +33#-11-1" 3+#
>-13- -1 0&(A+" & +9$#("'=1- %>+33#-"(0049-(0"- %-&; ',+00-0 3#('(3+,-0
o>+, 9$H#("=1-0 %>+33#-1"(00+9- B ,>+33#-I"(000Q2--0&333#-1"(00+9- 1$! 0&3-#A(02)

$#0 %>&! +33#-1"(00+9- 0&3-#A(02 ,-0 #2688 ™OE ' W-0"P6PY%(#- ,-0 A+,-&HO %20(#2-0 -! O$#"
0$!" 5$&HI(0 +& #20-+& 0( .(-! :& "-,&(P'( P&0*# 0-0 3$(%0 %- '$!1-;($10 3$&# ,-0 $."-1(#)

3#70 ,>+33#-1"(00+9- - #20-+& -0" "-0"2 $I&['®-&,-1-!" -0 A+,-&H#0 %>-I"#2- 1+(0 3+0

-0 0$#"(-0 %20(#2-0 -" -1 #-9+#%+1" 0(  $20&,"8" 3#S$'=- %8& #20&,"+" %20(#2)

$HO %>&! +33#-1"(00+9- I$! 0&3-#A(02 $! |- BSBHN +& #20-+& ,-0 0$#'(-0 :& ,>$! %20(#-
$.71#) |- +(00- 2A$,&# (#-1-1" 280:8>6 - 3§, 0- 0"+.(,(0-)

+10 - H0 3HE(&,(H# Y- I$"H#- #20-+& 3-#-3"HE8)"($&'=-0 (, 0>+9(" %>&! +33#-1"(00+9-
0&3-#A(02 :&( + 2"2 -55-"&2 6 3+#"(# Yo- 77 :&;(BIO"HE("- %>(1+9-0 :&( O-#+ %2'#("- 3+# +
0&(™)



)

>2"+3- %b- +0- Ob- I$"#- BHS?-" + 2"2 + #2'&BPHHY(I5SHL+"($! :&( O-#+ 5S&HI(- 3+# ,+ 0&("-
6 + 3+ %>++<0-) >(%2- -0" %>$.-I(# G63&#'(3=$"$ %- A(0+9- %-0 (I5$#1+"($!0
34110 0&# + .$&'=- 3-HL-""+1" Up>-| -"H+(H(I5SHL+"($! 03&=+("2- B ,- 03! 34$1$!'2)

$&# -4+ 3H-L(TH- 2"+3- + 2"2 %>$.-1(# -$&K %- .+ $&'=- 3+# %-0 3#$2%20 %-
"H#H("-1-1"0 %>(1+49-) + 3-#"(1-I'- %- ,>&"(,(0+"1($8%-0 '$!"$&H#0 + 2"2 %21$!"#2- %+!10 %-0
2"8&%-0 :&( 3H#P&A-!" :&- ,>=$11- -0" '+3+.,- %- #-'$N"#- &! $.?-" 3+# 0(13,- $.0-#A+"($! %-
0-0 '$!"$&#0)

“3-1%+" + %25(1("($! 1L1- %& '$I"$&#H %& 3B(I"A& 5$#1-, 1>-0" 3+0 2A(%-!"- 3&(0:&- ,+
AO($! %- ,>=$11- -0" 0&.2-"(A- -" 3-&" L"#- (152&3+# %-0 #+33#$'=-1-1"0 +A-' %-0 (1+9-0
'$11&-0) $&0 +A$I0 %$!' '=-#'=2 &I- %25(1("($! 5$#1- 3#+"(:&- -" 5+(,-1-1" +33,(‘+.,- %-0
'$1"$&#0)

-0 '$I"$&#0 0$!" %-0 R$!-0 %- %2,(1("+"($! %-008.2-0"P6P%(#- %- A+#(+"($! %>(1"-10("2 %&
9#(0) (,>$! '$I0(%7#- %-&; $.7-"0 %- C '$&ESERH-I"-0 .(-! %2,(1("20 &I- 0(13,- #-'=-#'=-

%- + R$I- %- '=+19-1-1" 06~ '$&,-&# 3#1-" %>$.#1L0 '$I"$&H#0) >-0" - +0 1$"+11-1" $#0

%o+ #-'=-#'=- %-0 '$I"$&H0 -1 I$(# -" ., +!")



- O

(,>$! '$I0(%7#- 1+(1"-1+1" &1- (149~ -1 I(A-+&: %-9#(0 0$&0 0+ 5$#1- '$I"(1&- '$11- &!-
+33,(+"($! %- \%+0 :&(+00$'(- 6 '=+:& 3$(!" %- ,>-03&!- A+ -&# %& |(A-+& %- 9#(0
$! 3-&" + $H0 '+,'&,-# -0 Yo2H#(A2-0 3+#"(- IS +&; +-0-" B

o
5 dx
- A&t (-
g=[I, |y] )
1 9625(1(" +,$#0 ,-0 '$I"$&H#0 '$11- ,-0 1+;(1+ %- + I$# %& OH+%(-I" -" >$! 3-&" +&00(
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Uo(A(0-# "$8"-0 -0 ,$19&-&H#0 3+# + $19&-EHORB2S(-&H %- -+ .$&'=-) W(I"2#L" -0" :&- 1$&0
3$&ASI0 + $#0 3#-196#- %-0 3=$"$0 +A-' IW(13SRSS&-6 IW(L3$#"- :&-,,- %(0"+!'- -" 3$&#

*8



*C

%-0 3-#0$!-0 6 3-"("- $& MH#+!1%- .$&'=-) + 0-&$0- :&( -0" '$!0-#A2- -0" ,+ 5$#1- %- ,+
$&'=-) #'-0 -+ 1980 3H(A+(" %- W(ISSHL+Y (S %-(,,- #-,+"(A- %- + .$&'=- E3,&0 3-"("-
35&# & C$D & 3B&# & C + D 3+# -;-13,-F 14K&'Y5+Q3$! \W+!+,<0- 9#+3=(:&- %- ,+ "+(,,-
%- ,+ .$&'=- 3+# #+33%#" +& A(0+9- +&#+(""2EB.($13,(:&2)

| 3-&" -10&("- #+55(1-# -1 3,+#Q+!" - 5('=(-# YBOHO0 6 \W-;"2#(-&# %& 3H$OH+11-) '=+:&-
("2#+"($! %& 3HSOH+11- WE'((0+"-&# 0" (INCR 6 BB- #23$10- - :&( 3-#1-"
WW(I'#21-1"-# -0 #79,-0 +A-' -0 1-0&#-0 -" +EBHE'=-# -0 A+,-&H0 %-0 #79,-0 %- A+, -&H0
1$<-11-0 08:33$02-0 "+#+"2#(0-# ,-0 A$<-,,-0 3HQIB!I3+# IW(13$#"- :&-, (1%(A(%&)

+ 96-&;(71- 12"=$%- -0" 3,80 O(13,- 3$&# - :&( -0"\WHL3,21-1"+"($! "+# ,+ +0- %- %$!12-0
%o- #79,-0 -0" Yo(#-""-1-1" 2%("- %+10 - HSIH+LL&( 2A("- -0 ,-"&#-0 - -0 #22'#("&#-0) -0
#79,-0 031" (‘( %-0 #-,+"($10 -I"#- 3+#+17"#-0-$86-00A+-&HO %$112-0 B "-, - $198&-&# 3,&0
O+ 1&- -, - +&"H#- "-, +19,- 3,80 3-"(" :&QWRM(I- A+ -&# )))

- 3#$.,71- :&( 0- 3$0- 3$&# -"'- 12"=$%- -0" Y\EYH+ $#Yo#- B (, OW+I(" %- %2"-#1(I-#

-0 #4710 1" -0 3+HH1TH-0 6 W+~ 1HNO8I3HR+ +. - 6 W(L13,21-1"+"($! %- '
12'=$%-) + 3#-1(7# 0$,&"($! -, '$IO"H&(" +& 5&H-0&#- %-0 ("2#+"($10 03! "+.,-+& %-
A+,-&#0) (10( \W++,<0- %- + 5$#1- %-0 .$&BE-BHW/ %(00$'(2- %& 5" ($!I-1-1" %&
3HSO#+11-) -+ 3H20-1"- %%-& +A+I"+0-0 1+?-&#0 BH-Q#0 0<0"21+"(:&-0 %- ,\W+!+,<0-
O#+3=(:&- 0$!" 3#(0-0 -! '$13"- %+10 ,-0 #79,-0 IW-0" 3+0 ,W$32#+"-&# :&( %$!l- -0 #79,-0 +&
3HPO#+11-) | I$&0 + 0-1.,2 1-(,,-&# %- '=$(0(# ,*LGH- 12"=$%- :&( OW+55#+!'=(00+(" %-0
3$00(.(,("20 %W-##-&HO %- W+ 0$#("=1- BWA(E+ <0%O#H+ -0 :&- 3$&HH+(-I" 5+(#- ,-0
&"(,(0+"-8#0 - %2"-#1(1+1" %-0 #-,+"($!0 5+&00-0)

W+1+,<0- 3+# ,+ ,$9(:&- 5,$&- 0- =-&#"- +& 38h- TW&!(5$#1("2 %-0 5$#1-0 %- .$&'=-0) 0"P(,
29("(1- %- % (#- ‘& "$&" - 1$!%- + ,+ 1L1- 5$#1- BW&'=- ,$#0:&W(, 3#$!$!- &I C D X +
#23$10- -0" $&( 3$&# &! -#A-+& =&1+(! 3&(0:&0!6&11-0 '+3+.,-0 "#70 5+'(,-1-!" %-
"HSRA-# + A$<-, - SHPISI'2- 3+# &!- 3-#0B!- :&$&0 A$<$!0 -! 3=$"$9#+3=(-) , IW-0" 3+0
2A(%-!" :&- -+ 0$(" +&00( ,- '+0 3$&# !$"#- BE$IB&(0:&- 1$&0 ,&( %$!I$10 &! 5+(.,-
I$1.#- %- 3+#+17"#-0) W+3#70 \W2"&%- J *K ;0A43BHP0- .+ .$&'=- 3+# &! =-;+9%!-
3-#1-" %- (-] "+#+"2#(0-# ,-0 A$<-,,-0)

$&0 +ASI0 '=$(0( %- 3#-1%#- 3,80 %- I+#+17"#-0 1GLH# 1((1+, %- ,$I9&-&HO -"
%W+19,-0 12'-00+(#- 3$&# %25(1(# ,W=-+O$H)&PPEY:- $& &!- ,$IO&-&# |- #-3#20-I"-
:&W&! "-130 %- '+'&, 129,(9-+.,- O(13,(5(- W(13'2U$! %& 3H$HH+11- -| ' +H#(5(+!"
W+, O$H#("=1- " 3-#1-" %W+12,($#-# + #-'SI+@BH0- - '+0 $& &! 3+#+17"#- O-#+(" 3-&
%(O'H(L(+!" E I1-- F) $&0 +AS$I0 &"(,(02 '$11- 3+#+1%H-0 %-0 4 $19&-&H#0 \W&!- %oW-I"H-
-0 2"+1" 1$#1+,(02- +(10( & * A+ -&HO +19Q,B#-0 1$<-11-0 %- '=+:&- +19,- %#HS("- -"

*C



9+&'=- +5(1 %- '$I"$&HI-# - 3#$.,71- %- I$! 0<124o- -+&'$&3 %W=-;+9%$!-0 (00&0 %-
W1+ <0- 9#+3=(:&-)

1 &#

$"#- (%2- 3H('(3+,- 2"+(" %S Y- '$13+#-# -0 IERHO 1-08#2-0 6 &!- +1:&- %- %$!12-0)
+10 - '+%#- 1$&0 +ASPI0 #+3(%-1-!" %2'(%2 :&- (' BAW2'H(#- -""- +1:&- %- %3$!'2-0 %+!0

- SHSOH+11- 2+A+ 1- 1$&0 %$!-#+(" 3+0 ,+ 0$&Z2AWR+(#- B '-,+ 12-00("-#+(" & "#H+A+(,
%W+!+,<0- 3#2+,+.,- %- 1$"#- 3+#" +A-' - WB:BS%%-0 A+,-&#0 '$##-03$!1%+!" +&; #-37#-0 %-
+ AO($! =&1+(I- :&( 3-&A-!" L"#- %(552#-1"0 BIBED 3H$%&("0 3+# ,W+!+,<0- O#+3=(:&") #
I$&0 - 3$&A($!0 3+0 +"-1%#- ,+ 5(1+,(0+"($! FR+AA- %W+!+,<0- 9#+3=(& 3$&#
'SL1-I# 6 "HHAF(,H) - SIHH("- %&- +& %ES+O- -1 9#$&3-0 (1%23-1%+!"0 OW-0"
#2A2,2- 350("(A- 3&(0:&W-,,- 1$&0 + (1'("2-& P8, &" (B! $#(9(1+,- B %P"-# 1$"#- +,9$#("=1-
%o- #-'$l1+(00+!'- YOW&!- +3+'("2 %o- 121$(#- -" UAVHBB+O- -1 3,+Q+!" + +1:& %- %$!12-0
%+10 & 5('=(-# -"-#- # #) $'#- 3H$OH+11- (" + .+0- %- %$12-0 %+10 - B
E#2'&32#+"($! %- + 121$(H#-F " 6 ,+ 5(! %-- (Y B-&XPA-I"&-, -1-I" ('#21-1"-# '-""- +0-
E+33#-1"(00+9-F)

+'$13+#+(0$! O- 5+(" +& 1$<-1 %- 5$!"($!0 %- AEHO- &"(,(0+!" .+ ,$9(:&- 5,$& E'5 ) F)

$"# 3H-1(TH- (%2- 5&" %WE&"(,(0-# &!- 5$!"($! IBBASH-+&; 3&(0 1$&0 1$&0 0$11-0
#1980 '$13"- ,$#0 %-0 "-0"0 :&W(, 2"+(" IHEFTHASH %-0 34$.+.(,("20 1$! 1&,,-0 :&-, :&-
0B(" W2'+#" 1" + 1-0&#- " + A+ -8 #19,<8 M- -#"+(10 '+0 %(55((,-0 %$!l- 3+#B5(0 %-
3#$.+.(,("20 "#70 5+(.,-0) &00( !$&0 +A$I0 &&(82 %+!0 ,+ 0&("- &!- 5$!"($! 9+&00(-!!-)



$&0 +AS$I0 9+#%2 + 3$00(.(,("2 %- '=$(0(# ,- 'SE"G %- A#+(0-1.,+!- +(10( :&- O+
0-10(.(,("2)

I #20&12 \W+,9%$#("=1- -0" +00-R 0(13,- B &! "$!Q#&22 &! $.7-" %- "<3#4 , -
3#-141" '$11- +#9&1-1" - 5(=(-# # E$&"3&" %& IH$E&3- %W+!+,<0- O#+3=(:&F) -
'BIO"HE&"-&H# 6 3+#"(# %-0 '$$#%3$!12-0 %-0 I$(WI=9H+93$!- '+,'&,- ,-0 1-0&#-0 %-0 =&("
H+1%-&H#0 #-"-1&-0 -" -0 2'#(" %+!0 ,- '=+13 %- ,W$.?-") 10&("- ,+ 12"=$%4 D

%- =" $.2-" 5+(" +33-, 6 .+ 12"=$%2# &( A+ '=-H#'=# %+0 - 5(=(-# # -0
(I5$#1+"($10 1--00+(#-0 3$&# #-13,(# ,- '=+18 %- W$.2-#4 ) + -"&# %-0 #79,-0
(13,(:& ,W&"(,(0+"($! %- ,+ 5$!"($! :&( (13,21-1"- &1- +1+,<0- 0<!"+:(:&- 0$11+(#-
0%-0 1$1.#-0 %2'(1+&;) , + 2"2 '=$(0( %- "#$!:&2$104-0 &0 6 + %2'(1+,-0 B ,+ 3#2'(0($!
-0" 0&55(0+!"- -" -+ 3-#1-" %BW2A("-# -0 .&OBH6) 10&("- 3$&H# '=+:& A$<-,,- +
58" ($! 5+(" ,+ 1$<-1I- %-0 #20&,"+"0 %- ,+ 53!"'($!O-A#+!"- +33,(:&2- 6 ,W2'+#"
U =4 & 31T - 1-0&#2 -+ A+,-&H +-BEE&H - 3+#+LT"H- 3B&H - AB<-,,-)

10&(" + 12"=$%- 2 %$ll- + A$<-,,- %SI" + A#+(0-1.,+!- "$"+,- -08" 3,&0
9H#+%-) - (A(- -10&("- W&"(,(0+"-&# 6 %S$!HR3$I0- '$##-"-) ( -&( '( -I"#- &-
'$IOS1- O( 3+# -;-13,- \W=-;+9$!- "HS&A2 3+# WA O#+3=(:&- -0" ' +(#-1-I" 5+&; #(-! I- O-
3+00-) W(, -I"#- &!- %-0 A$<-,,-0 3+# 'SI'BSI"(S! -'#(#- -9,-0 1$%(5(- -0 A+,-&H#0 %& 5('=(-#
#-9,-0)49, '$H#H-03B1%+!" 6 ="' -"#-) $'$10 :& 5(=(-# #-9,-0)#9, + +&00( %-0 '$13"-&#H0
3-#1-""+1" G- O+AS(#H '$1.(-! YOW2'H("&H- $I" Y% TR 2003$8# '=+:&- ,-"#- +5(1 YoW(I'#21-1"-#
-0 #79,-0 3+# &I- 1$<-11- 3$1%62#2-)



S=$(; Y- #20-+&; 1-&HSI+&: 1980 + +&"$1+"(:&-1-"1%&("0 6 ,>$.,(9+"($! %>&!- 1(0- -!
3,4+~ %>8&1- .(.,($"=7:&- %- A(0+9-0) ! -55-"-P( 2"+(" +&00( .(-! 12'-00+(#- 3$&H ,+ #-'=-#'=-
%o- H("TH#-0 Y(O'#(L1(1+1"0 3+#1( ,-0 3+#+17"#-0,98$!>=&- 38&# + 3=+0- %>+33#-1"(00+9-
Vo&H+" + H2+" (B! %& #20-+& 1-&#S$!1+,) $&0 ISRO OF! +™- 20 6 -""- "G'=- "$&" +& ,$!9

%- - 3H$?-")

>+&"H- 3+ %+10 &) 3#-1(-# "-130 &I- %(55(&,"BPHE- B -0 '$I"#+(1"-0 3#2'(0- 3$&#
$."-1(# &1- 3=$"$9H+3=(- -;3,8("+. - 2"+(-1" ('B!I&-0 %70 $HO :&- ,>+ 9$H("=1- %>-"#+"($! %-0
SI"BEHO - - &( Y>=-+OBIH (0+"($! 2"H(-I" -1 FRYR-, - +12,($HH'(S) 2+11$(0 -0
3=$"$9#+3=(-0 #-0"+(-1" -;3,$("+.,-0 3$&# >2"8YB"(R- 3#2++.,- $M ,>=-+9$l- 2"+("
#4352 1+18-, ,-1-1")

$&H# +&"+!" $H0:&- -0 +,9$H#("'=1-0 %o>-;"#+ " (BVIEHO -" %>=-+9+,(0+"($! $I" +.$&"( %-
LH(T#- 5-#1- $! + 1+,=-&#-80-1-I" '$10"+"2 :& .~+&'B.3 %-0 3=$"$9#+3=(-0 3#(0-0 1>2"+(-!"
3+0 -;3,$("+.,-0 3#(!'(3+,-1-1" %8& 5+(" %- ,+ QL 6 ,+ ,&1(74-)

HG'- 6 >0 %- >+33+#-(, 3=$"$0#+3=(:& I (, -0" +&?$&H%>=&( 3$00(.,- %-
3#-19%#- %-0 '-I"+(1-0 %- 3=$"$9#+3=(-0 0&"-00(AI+10 &! "-130 #+(0$!1+.,-) $&0 I$&0
0$11-0 %$!' 1+"&#-, -1-I" "$&#120 A-#0 '-" $&"(, 1$,$9(:&-)

- %-0 ,(1("-0 :&- '$&0 +A$I0 (112%(+"-1-1" #-00-1"(%+10 1$"#- 3#$'-00&0 -0" 0$! +.0-I'-
%>+&"$1+"(0+"($! "$"+,-) 55-"(A-1-1" (, 1$8&0 PIIG00(.,- 3+# --13,- 3$&# $."-I(# ,-0
'$SHY$!2-0 %-0 =-+931-0 %- "$&" &' H23-H"$(HH(WHO %>(1+9-0 %- 02,-"($!-# "$&"
0(13,-1-1" - #23-#"$(#-) , -0" 12'-00+(#- %- OPPN-# '=+:&- 5('=(-# "$&H 6 "$&H) - #-'+0b#+0-
1+1&, -55-"&2 $#O %& '=+#9-1-I" %- '=+:& (1+9- -13L ("#(107:&1-1" &!-
+&"SL+"(0+"($! 3+#5+("- %& 3#$-00&0)

- 1+1&- %>+&"$1+"(0+"($! + 3& %! #-1%#- > B 9,5.+,- %- 1+ .(,($"=7:& %>(1+9-0
+. $#(-&0-) $11- (, 0" %2"+(,,2 %+10 ,>+!l-:- 08F&Y%- 0"+"(0"(:&- '$&0 +A$!0 -I"#-3$02 &!-
6 &!- -0 '$$#%$!12-0 %-0 =-:+9$!-0 "HS&A20 +&# -""H#- '$H#-03$1%+!"- %+10 &! "+, -&H)



$&0 +AS$I0 3+# +(,,-&H0 3H(0 0$(! %>&"(,(0-HBOCIBEBA-1+1- %-  TA#-0 %>(1%(A(%&0
%0(552#-1"0 +5(1 %o- 3H20-#AH + 92124+ (RIKOBH- 92124+ ("2 :&( #-3#20-1"- 38&# 1$&0
&!'$.2-"(5 -00-1"(-,)

1 %

1L 5S(0 -+ .(,($"=7:& %>(1+9-0 1(0- -! 3,+- +{08&>&!- 3+#'(- E3,80 %- ,+ 1$("(2 ,- #-0"-
0-#A+!" 3$&# ,-0 "-0"0F %-0 =-;+9%$!-0 #--1020 4B&!0 2"$552 - 5('=(-# 5(I+, -! #-,+"($! +A-'
>2"8%- 0"+"(0"(:&- 1-12-) | -55-" 1$80 +ASI0(RER +$#0 &I(:&-1-1" "-#"+(1-0 %$!12-0
E%(0"+!0 +19,-O0F “+#+"2#(0"(:&-0) &00("S"+ABRO -:3$#"2 -0 %$!12-0 A-#0 - ,$9((-,
+ 4. -1 A&- %- ,>+33#-1"(00+9-)

+ 0$,&"($! %>&"(,(0-# +"+. 1>+ 3+0 #-34209"R- B#-1(7#- +33#$'=- B 1$&0 0$&=+("($!0
%+10 &!- 3#-1(7#- A-#0($! -55-"&# IS&OP1L1- ¥450$86>+334#-1"(00+9- 6 3+#"(# %-0 #79,-0
06>+33#-1"(00+9- ', +00(:&-0) $&"-5$(0 5+-B'(Bo- ,(2- 6 ,>-:(0"-I'- %>&!- '$IA-#O-I"-
B5(+- Y- >+ 9$#("=1- -| & "-130 #+(O$!+.- 1B&FASI0 3#252#2 &"(,(02 ,+ 3&(00+"- %&
$9((-, +"+. :&(1$80 +00&H+(" 'SIAHO-I 1&3,(("2 %-0 12"=$%-0 -" -55(+("2) - 5+("
I$80 3#252#($!0 "$&HI-# 1$0 -55$#'0 A-#0 -0024&WH'0&-0 032'(5(:&-0 +(10( :& A-#0 -0
("SI0 +A >(1"H#5+- 3,8"S" & Y- O>HIOHI0 ,>2,+.$H+"($! %>&! +,9$#("=1- %276 -;(0"+!"
- 23HB&A2)

S&"(,(0+"($! %- +"+. 0>-0" +A2#2- %2"-#1(4# O#G'- 6 0-0 %(552#-1"0 +9$#("=1-0
%6>+33#-1"(00+9- 1$&0 +A$!0 3& "-0"-# %(SERA&'0FBR %>+.$&"(# +& #20-+& 5(1+,) , I$&0
+(10( 3-#1(0 %>$."-1(# ,-0 .$!0 '$-55('(-!"0 %-626(B0 3$(%0 -" .(+(0 :&('$10"("&-!" - 'c&# %-
S(I5$HL+($! '$I"-1&- %+10 &! #20-+& I-&#$!+)

B&H M- BHH'(- (, + 5F, & +AF" SVH('&H- 18 BHIOH#+11- S+(#- &1 '=$(;  3+#1(,-0
6(552#-1"0 "<3-0 %- #20-+& :&( +.$1%-1" Vo DH+"§H-) $"#- 3#-1(-# '=$(; O- 354"+ 08&# -0
#20-+8&; Y%- $=$I-| '+# (0 2"+(-I" ("2#-00+!"0 'GFR-1-!" 3$&# -0 3#$.,71-0 %-
#SU+(00+!-) +(0 &! -1"#-"(-] +A-" ) H-(15-,% I$&0 #2A2,+ :&>&! 3-#-3"#$! 1&,"($&'=-
2"+(" 3,80 -55('+- -" 23#$&A2 5+'- + %(0'H{XB0@(552#-1"0 =-;+9$!-0) $&0 !$&0 0$11-0
%70 ,$#0 $H#(-1"20 A-#0O & #20-+& "<3- 3-#-3"HE$&'&;0 6 1(P'=-1( +$#0 :& 1$"#-
#20-+& %- $=$I-!| 2"+(" %226 (13,21-1"2) $#" =-&#-BO,- 3-#-3"#$! 1&,"($&'=-0 -0"

"H70 '$&HH" =" (, -1(0"- %o- 1$1.#-&0-0 2"&%-0-TRRP-")

- 5$(0 - '=$(; %& "<3- %- #20-+& -55-"&2 IHED 0$11-0 +"-,20 6 %2"-#1(-# -

I$1.4#- %- '$&'=-0 12-00+(#-0 +(10( :& ,- ISL.H#- % I-&#$!-0 3+# '$&'=-) , 0>+9(" %>&!
3#$.,71- '$13,-- +# ("(1-1-1" (2 6 ,+ 1+"&H- %& "#A+(, %-1+1%62 +& #20-+& ('( Yo(O'#(1(-#
%-0 =-+9$1-0 -" +&; I$1.#-0 %>-:-13,-0 %(03$!(.,3B&H ,>+33#-1"(00+9-) - I$1.#- %-
1-&H#$1-0 Y- + '$&'=- U>-I"H#2- '$##-03$1% +&; I$SI0HY%- 3+#+1T"#-0 &'(,(020 3$&# +
%W(O'H(L(I+"(S! 0S(" 4) $&# - :&( -0" %- + '$&Y- O$H#'(- (, < + +&"+!" %- -, & & %-



/*

A$<-,,-0 +1+,<02-0 0$(" (1) - 1$1.H# %- 1-&HS!-06- + '$&'=- (I"-#12%(+(#- -0" %$!" %>+3#70
&!'$10-(, =-8&H#(0"(:&- %+10 J K ,- %$&.,- 3,&0&!.+ '$&'=- %- 0$#"(- 0$(" $!R-)

&+1" +& I$1.#- %- '$&'=-0 (, -0" "#70 %(55('(,+- H62"-#1(1-# ) 1-55-" - 3#(1(3- %&
#20-+& Y- 1-&#$1-0 0- 531% 0&# &' +33#-1"(00+820$1&"($! %& 3#$.,71- 3+# &1- AS(-
=-&#(0"(:&- -13L'=- - 3#$OH+11- %- O+(0(#  ,- #20-+& #20$&" - 3#$.,71- 6 "#+A-H#0 +
0$11- 38196242 %-0 (I5$#1+"($10 +HH(A+!" 6 '=+:& ), $&0 +A$I0 %$!' '=$(0( &! #20-+&
+A- &l- 0-&,- '$&'=- +'=2- +5(] %- '$11-I'# +A-' & | -10-1.- O(13,- O( ,-0 #20&,"+"0
1>2"+(-1" 3+0 0+"(05+(0+!"0 1$&0 3$&A($!0 4TBRHH &1- '$&'=-)

-3#20-1"+"(
$1 0'=21+"(:8&- %& #20-+&

$&0 +ASI0 %! &!- '$&'=- Yo>-I"H2- %- '(1: 1-&HSI0 &!- '$&'=- (I"-#12%(+(#- +A-' & .(+(0
3H$3H- 6 '=+:& 1-8H$l- :&( 0>+7$&"- 6 ,+ 0$11-BRK2- %+10 + 53!I"($! 0(91$[%-) &(0 &!
0'=21+ (%-1"(:&- %- + '$&'=- (I"-#12%(+(#- GB&'=- %- OSH"(-) - 1-&HS!- Vo- OFH"(- #-IAS<+!"
+ A+ -&# + 3,80 2,-A2- W2 -H#1(-#+ + -USEBRY (& - #20&,"+" %- O$H"(- -0" &!
A-"-&# 6 '(1: '$13$0+1"-0 $M - + A+&" E F-2E FV 70 ,$#0 &! #20&,"+" -0"
+00$'(2 +A + -"H- 'SHH-03$106+!"- &I(:&-1-1"BE:& '$13$0+!"- %& A-"-&# -0" 29+,- 6 -, -
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+0 .+ A-H#O($! 5(1+,- %- I$"#- 3H$?-" 1$80 +ABBIE%-# - 1L1- 0&33$#" 3$&# >(I"-#5+- -
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C-D C(D C$D C&D) + #'$I+(00+!"- #=¥(A-1-I" (-] +A- -3-19%+!" - 3#$.,71-
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58#1- 3#$'=- %WSM ,-0 '$!5&0($!0 5#2:&-!"-0 -O#-""#-0 %- 1L1- 3%$&# ,-0 '$!5&0($!0
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3-#1-"H" YWHL2 ($#-# W-55(+("2 %- 130 + 9O%&'S1-819 "-#1- %+10 - '+0%6#- %- +
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‘=48 AB<-, ) &'H" (, 2"H(" (13H&Y-1" %- ~5+(#  +&"+I" W&E'((0+"($!  %- I$0
1-08#-0 3$&HH#+(" O-#AMH 6 'SIO"H&(H- &!- +0- B-OVESH#-03$1%6+!" +&; #20&,"+"0 %- +
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+(1"-1+1" &= -0 '#("T#-0 %- .$! 5B!I"(SN-1-I" %-  \W+I+ <0- I#+3=(:& 03" '$II&0 (|
O-#+(" -IA(0+9-+.,- %- #-5+(#- ,W+33#-1"(00#9$86-61-0 %- #-'$!1+(00+!- -1 &"(,(0+!"
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12"=$%-0 + A$<-, - 3HS$I$I'2-)

&# - 3,41 O'(-I"(5(:& !$0 #20&,"+"0 O+"(0BEH*!3-#1(0 %WS."I(# %-0 +9$#("=1-0 %-
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Moyennes et écart-types des angles des
hexagones extrapolés
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100 \7’ N | | Sérieb
80 Série6
\/, \
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O T T T T T
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Moyenne et écart-type des distances
1.2 — A Moy
1 \ ——A Eca
><" E Moy
08 — AN E Eca
0,6 | Moy
0.4 ——I Eca
— O Moy
0.2 — —OEca
g — — U Moy
distancel distance2 distance3 distance4 distance5 distance6 U Eca




Moyenne et écart-type pour les angles

180 A Moy
iig % J——\ ——AEca
120 \ // \ E Moy
100 \ \ E Eca
80 A4 \ — I Moy

60 \\V// \ — I Eca
40 — O Moy
20 ——O Eca
0 : : —_— ——— — U Moy
anglel angle2 angle3 angle4 angle5 angle6 U Eca
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