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*,����$\(� /��6�P��? "��*, "P��]6�67 /<HP�."��6J��$�� ���� ����|(G9�~ * �¡(G��6�*,� *m{[(GP� "$?�?�F¸���D!9�6�P�� ���6'�A�%$�D!��6 5 (G�[6 67��6��+�\(G� 5 ��6
./ "�!���]68./��*,D!��$?�A~%$�� �A~%P ��A�? /<����;$\(�. �A$ $?{ ���D+�? p:l9�� @(YP�(G��$? "� 5 9[:l9��A.o��D!9�6�(�q;D!��6  /��$?�A�?P�� ���$ ��H�vD;6
D!y[6'����q!(�$? "D!��6 ��$8D+�? "���%$ ��z�vD!$?��� ���$?9 5 �>6'9�� 5 ��68P�(G��$? p*,9�./�]68*,D+././D]¯ ° 5 (�./��6 &CD+�?< ����]6 5OI 9�� *��=9�� 5 �
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��D+�sP�(+6¡9�� �[9� 5 � <¤(G -6o9�� 6'D+./ 5 � ���.-(+6'$? p:l9v� * �±(G��6V*,��$?$�� 67 /$?9[(G$? "D!��¸O.-( 5  -6�*,9�6�6' /D+�YP�D!�?$��H679��
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5 (���68. I ��(G9�¸�6�(Y*,D!��67$\(��%$�� 5 �>67D!./9vy� /." /$ �� ��A$\(G��$ 5 � � ª - P�Pv< @( �!d!d_^ g � � f�	 * ���A.-(�67 /�+�� �����:;9��
./�]6 <HD!. ���*,9�."��6 5 ��6' "./ -*E�867�z�����!��D!9�P�����$=����$?�?�V��./."��6 P�D!9v� &CD+�?<H�A� 9��v�zP�{[(!6'��6'D+./ 5 � * � I ��6'$¡9v���
5  »¥ ��A�?����*E�H��6?67����$? /�A././��:;9� `."��6 5  -67$? "���!9�� 5 �]6 *,D!."./D�¯ ° 5 ��6 5  /$|6`[?./x;D+P�{� "./��6I\�P�D+9���./��6�:l9��A.-6#. I����$|(G$
$?{v���?<HD 5 x%��(�<H -:;9���<��E�%$>67$\(�y�./�µ�]6'$Y9�� ���$|(G$�6'D+./q+(G$ ��;¸¡*E�2:l9v 8��67$Y./�2*�(+6�P�(G�Y�A~%��<�P�./� 5 �]6
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5 � 0 ���*,./�A$ 5 ���$?����<H /�v�`./�±6'�A9� /.O(G9 5 ��.7@( 5 9[:l9��A.�."��6 �E¥J�A$\6�y��?D��o�� "����6 5 ��q� /�����v���%$ P�� ���P�D+� 5`����|(G��$\6
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P�(+6 :;9 I ��./."��6�(� /����$�9��v� $|(G /."./� P��A$? /$��8�CD!9�9����!�\(�� 5 *,D;�,£¤*, /����$ 5 � 5  j¥O9�6' "D!� � * " 9[(G� 5 .-(¡<>(�$? )@�A�?�
��67$ ���v��<H����$ 5  /q� -6 ����;¸�*,�A.-(#&)(G "$=(GPvP�(G�|(��°/$��?� 9��v�8�!�|(G� 5 �H:;9�(G��$? "$ �� 5 ��679��'&)(+*,� � P�D+9��¡./�]6 67 /./ p*,��6
:;9��o��D!9[6�9v$? /." -67D!��6E¸G.p(#679��'&)(+*,� 5 �o$�D!9�$���6�./�]6�y� /."./��6�*,D+�%$����%9v��6 5 (���6�9�� �!�|(G<H<H����67$ 5 � �+��d k f *
��(H*,� ���(G$� /D+� 5OI 9����V /��$?���7&)(!*,� 5 ��<>(�� 5 � 5 �¡&CD!9����� /��9���� ����������! "�8*ED!�?����6'P�D+� 5 (G��$�@( . I (GP�P�(��? "$? /D+�
5JI 9���� 5  -6?*ED!��$? /��9� "$ ��=����$?�?� 5 �A9�~><H /." /��9�~���$ 5 �8." -(� -6'D+��6¡*\{� /<� -:;9���6���D!��*ED!<HP�����6 �����6 * � 9�&)(G "$
5 ��*,��$�$?� ��A�����?�+ /� 5 ��6'9v�'&)(!*E�z��¸�9�� ���$\(�$ &CD+�?$���<H����$ 5  /q� -6 �� �]6'$=<HD! "��6�6'$\(�y�./��:;9 I 9�� ��A$\(G$VP�./9[6
*,D+<HP�(!*E$`P�� ���6'����$\(��%$o<�D! /�[6 5 �V6'9��7&)(!*,� * ���8$?�A@��6`P���$? "$?��6`P[(G�?$� -*,9v./��6`D+�%$�$?��� 5 (G��*E�H@( �?�]6'$?�A�o���
*,D+�%$|(!*,$oP�D!9v� 5  "<H /��9�����. I  /��$?�A�'&)(!*E�¡(�q;��* .p(8<H /." /��9 �A�%q� /��D!����(��%$ *
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[NH3]=0.2 moles/ l

[TEOS]=0.2 moles/l

[H2O] (moles/ l)
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solvant : Ethanol
[TEOS] = 0.02 moles/l
[H2O] = 1 mole/l

������� � *�� � �O
�<�5�?'M+-�G+-�
�:� �'!AF���L=�
 
�9#:�� ?+!�! %	F� +-� ���
	<'! %	F�� -�9�C�4�9�5'! 8�� 8�!����'! ?�5�!	
�2�"�0�7� ���!������� �  %�4���&+-���&AL�������C�M=

�&� ��¸��� �*ED!� 5 �A��6?(�$? /D+� 5 �8.p(z67 /." -*,� * � D!9v$?�,&CD+ -6,¸�. I (G<H<�D!�� p(!*�(]x�(��%$�9���� (!*,$� /D+��*�(G$|(G./x�$? p:l9v�;¸� /.
��67$ 5  j£¤*, /."� 5 � 5  -6'$� /���+9���� 9�� �,¥O��$�*, "� ���$? p:l9v���C.-(�� ��](!*,$� /D!� 67� Pv�?D 5 9� "$�¸�<>(G p68(�9�y�D!9�$ 5JI 9��
$?�A<HP�6` /������ � 5JI 9�� ���$\(�$ 5JI���]:l9� "./ "y��?� �)(G9Y$����?<H� 5 �8.p(�� ���(!*,$� /D+��¸�.p(z*ED!� 5 �A��6?(�$? /D+�Y��� 6 I ��67$ P[(!6
P���D 5 9� /$�� � *

� I (��?�!9v<H����$ 5JI 9��v�8*E /� ���$� -:;9��¡y�."D�:l9 ����=���=P��A9�$¡6 I (�P�P�./ p:l9v���oP�D!9�����~�P�./ p:l9��A�`. I  /� �[9�����*,� 5 �
. I ��(G9 !�P�D!9�� t � f w�u _ � � 5 ��68P[(G�?$� -*,9v./��6 5 ��67 /./ p*,�>67�¤&CD+�?<H�A�%$V���2���%q� /��D!� � - {���9v�?��6E¸�P�D+9��
t � f w�u _ d * a � D!� P���9v$ q ����� �������(GPv��@��6HP�."9�6' "��9��\6�<HD! p6H:l9v�Y./�Y� ��]6' 5 9 (�P��A@��6>6 ���*m{[(G�!� 5 �s.p(
6'9[6'P�����67 /D!� 5 D!���v�;¸������ K�� ¸���6�6'����$? "��./."��<H�E�%$ 5 �]6 $|(!*\{���6 5  »¥J9[6'��6 e * � �sP���9v$ 6'9vP�P�D;6'�A� :;9��
5 (���6 ."� 5 ���?�� "���o*A(!6`. I����:;9� /." /y�����*m{� "<H -:;9�� ��6'$�(�$?$?�A /��$o*�(��o.-(#� �� 5 9�*E$? /D+� 5 � t � f w�u 5JI 9��z&)(+*,$?��9v�
P���D�*m{�� 5 � 5 �A9�~H���=P���9�$ ���$��?��@( . I D+�? "�! /�v� 5JI 9v� yv./D�:;9�(G�+� 5 �=.-( *E /� ���$� -:;9�� *

¹���	 ��¨ ��� ¨ � ¨ t � � u�u � � D+$?�?� ���$?9 5 ������P�D!�?$�� :l9�� 679���./� ����A$?�\( K $?{�x%. � ��$?{�D��; /." -*�(�$?� � �oK � � � *
��(³*,D+��*,����$?�|(G$? "D!�b��� �oK � �³� I (�:;9��sP���9 5JI  "� ��9����[*,�µ679���.p( $|(G /."./� ���[(G./� 5 ��6 P[(G�?$� -*,9v./��6
*,D+<HP�(G� ����±(G9�~ 5 ��9�~HP�(��\(�<Y@��$?����6�P�� ��]* �� 5 ����$\6 *50 D+9�� 5 ��6o*ED!��*,�A�%$��\(G$� /D+��6 ���."��q �����6,¸;.p( &CD!��<H� 5 �]6
y� "././�]6 ��67$= /�?� ����!9v./ )@�A�?� !�P�D+9�� 5 ��6¡q+(G."��9��\6 &)(� /y�."��6 5 � t ��� w�u�u¬¸�./��6=679�6'P�����67 /D+��6#D+y�$?����9���6±6'D!��$
5  "./9 ����]6��A$  ".�&)(G9�$ ./��6�*,D+��*,����$?����� 5JI 9��z&)(!*E$?��9��� "<HP�D!�?$|(G��$�P�D+9��o./�]6�9v$? /." -67����¸!<¤(G�� "P�9�.-(�$? "D!��:;9��
. I D!� *m{v���\*\{��>@(>./ "<H /$���� * �J��*,D!<�P��?D+<H -6�*m{vD! -67 ���67$ t ���Cw�u�u _ d/*�� �µ¸Jq+(�./��9��=q;D+ -6' "��� 5 ��*,��."./��6
���+,9�����I�"!+#>)
��6?)
!+6"2&�
3425%0��6�#������
	���
��1R ��� !$2�� ��������
���R ���



� 	���	 � � �� �q� � � �����	� � � � � 
�
�
 � � ��
 � ��� ����
 � � ���
� c 4

160

180

200

220

240

260

280

D
ia

m
èt

re
 (

Å
)

0 0.1 0.2 0.3

solvant : Ethanol
[H2O] = 1.5 moles/ l

[NH3] = 0.25 moles/ l

[TEOS] = 0.2 moles/l

Fraction volumique en méthanol
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0.0012

Mw = 156000

R = 1000 Å

λ = 15 Åa = 0.0169 g/cm3

Ln(I q2) = -6.149 - 61217 q2

λ = 6.5 Å

q2  ( Å- 2)
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greffage (durée 7 jours)
Pré-greffage (durée variable)
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BD3#$D&a.R"=(Z*Q"%$'& @ &-M,PB',u1Q3#.65'798,;:K, U :<,WVwM,`,O>L&~BjM,;&<,;:K7 @ $aM,;,a1Q"O: @ $10s:["�Y�:<3J* U ,Z^

n .�0|"%*A&h$-3J&K,N:h(Z*A,�.|c @ $ F ,;:<& @ &<*QBD,k>I*A: � ��� � 1A:<3O @ ,;$D&C,?>K>I,N$D& @ ,;.0.6,;7),W$'&iBD,�.R"S1Q3�> @ & @ 3#$nBD,�.R"
. @ U $A, BD,�$Q"J>L,Z^{_�$l,�V\,N&;YiM,N&["%$'&)BD3#$A$aM,2.G"9(Z*Q"%. @ &-M,2BD,2.G"�:-M, U :<,O>K> @ 3J$T(Z* @ BbM,;&K,;:<7 @ $-,C.G"9BD:<3 @ &<,
B\c<M,;&["O.63J$-$Q" U ,hr ^ U *A:<,76'^ �Zx[YA.dce,;:K:<,;*A:�>I&["O& @ >I& @ (+*-,g,O>I&wBD,P.dce3J:zBD:K,PB', �,% ^
*�c "O$Q"%.05A>L,hBD,?>u>L1Q, F &K:<,O>PB\c "�$Q>I3#:K1A& @ 3#$ @ $10s:["�Y�:<3J* U ,h1Q,;:K7h,N&EM, U "%.0,;7h,;$'&!1m"%:P*A$f&K:[" @ &<,;7h,;$'&

"%$m"%.63 U *A,)B',CBbM,;&<,;:K7 @ $A,;:b.G" F 3J$ F ,;$'&K:["O& @ 3J$�,N$9> @ . @RF ,iB\c}*A$-,C>I*m>I1Q,;$Q> @ 3J$X^ T 3#*A&K,�0s3 @ >�Y @ .�$�c},N� @ >I&K,
1Q"#> 1Q3#*A:2.G"	> @ . @RF ,9B',9:[" @ ,f"%*Q><> @ ^ $A,	(Z*A, F ,;.6.0,�8" � ��� ����� ��
 > � 1Q3J*-:/.0, X?Z('�� ^8*�" � 3#$A,
B\c "&$Q>L3J:K1-& @ 3#$	.G")1A.6*Q> @ $D&<,;$Q>I,C,?>I&P> @ &K*�M,;,)"%*A&<3J*A:�BD, � �2@���� � ��
 > � Y�BA"%$m> F ,;&K&<,C:AM, U @ 3J$XY @ . 0|"O*A&
>'M,N1Q"%:<,;:{.G" F 3#$D&<: @ $A*A& @ 3J$)BD,a.R"P> @ . @GF ,�BD, F ,;.0.6,�BD* X?Z('�� ^ X 3J*-: F ,O>�:[" @ >L3J$Q>�Y+*-$A,a7h,O>L*A:K,�B @ :<, F &K,
1Q"O:~>I1Q, F &<:K3Z> F 3J1 @ ,iBD,g.R"`(Z*Q"%$'& @ &AM,PBD,�> @ . @GF ,~$A3#*Q>!"`1m"%:K*27h3 @ $Q>�1A:-M, FW@ >I,g,;&b$A3J*m>a"? Z3#$Q>j1A:-M,�0#M,;:-M,
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BbM,;&<,;:K7 @ $A,;:{.0,g&["O*A�EBD, U :K,�V�" U , 8"`1Q"%:<& @ :wBD,P.G" F 3J$ F ,N$D&<:["%& @ 3#$/&<3J&z"%.6,iBD,P.R"C>I*Q>L14,N$Q> @ 3J$ �Z^

<>=@?�=J< � BEN V N4V�IKQGN*XMW�� � W5V�IKBJI;PN ��N*F H3X���S��N QGN ��QGN"! PN N N I	XEN D	� H V/��BJIKBEH V>D
��N F�Q�PN F�W�QGW4IKBEH V

*�c @ $10s3J:<72"%& @ 3J$�(+*-,9BD3#$A$A,9.G" >I1Q, F &<:K3Z> F 3J1 @ , @ $10s:["�Y�:<3J* U ,	>L*A:h.0,�&["O*A�qB', U :<,WVX" U , 
 ,O>L&
>I* � ><"%$'&K,P1Q3J*A: � * U ,;:a.dce, � F " FW@ &-M,~BD,P.R"u7�M,;&<]A3'BD,PB', U :K,WVX" U ,P,;&a&K,?>I&K,N:j.dc @ $ b *A,;$ F ,wBD, F ,;:K&z" @ $m>
1Q"O:["%7H8,;&K:<,O>�1-]D5-> @RF 3 Y F ] @ 7 @ (Z*A,O>\>L*A:�.R"!(Z*Q"%$'& @ &-M,�BD,j1Q3J.05D7H8,;:K,b" FNF :K3 F ]aM,Z^ #{,;&<&K,a&<, F ]-$ @ (Z*A,{"!1m"%:
F 3#$Q>'M,O(Z*A,;$'&HM,;&-M,=.R"%: U ,;7h,N$D&g*-& @ . @ >'M,;,C1Q,;$QBA"O$D&P.G"27 @ >L,C"O*	1Q3 @ $'&CB',=.R"/>L5D$'&K]X8,O>I,kBD,O> F 3J.0.63 ` W BD,O>
U :<,WVwM,O>W^

Z c}*-$ 1Q3 @ $'&fBD,	 '*A,	1-:["%& @ (Z*A,ZY @ .P,O>L& @ $'&-M,;:<,O>K><"%$'&EBD, F "O. @ $-:K,;:2.G" 7�M,;&K]A3'B',	BD, U :K,�V�" U ,
" ^ $ B\c ),;&K:<,9,;$n7h,O>I*-:K,9B c " FNF :K3 F ]A,;:2>L*A:�.0,O>=1Q"O:K& @GF *A.0,O>hBD, > @ . @RF ,�*A$-,	(Z*Q"%$'& @ &-M,fBbM,N&K,;:<7 @ $�M,N,
BD,i143#.65'798,;:<,Z^ *\, F 3#$D&<: )3#.6,CB'* U :K,�V�" U ,kBD,`1Q3#.65'798,;:K,?> U :K,�VwM,?>g>I*A:w*A$A, @ $D&<,;: 0|" F ,P1A.G"O$A,)"hBbM, � 8"
0|" @ &C.dce3 $ � ,;&)B\c<M,;&K*mBD,O>CBbM,;&z" @ .6.NM,N,O> o ��

�6p�
 r ^#*\,?> ,;�'1�M,;: @ ,;$ F ,O>u7k3J$'&K:K,N$D&i(Z*A, 
 "%* U 7h,;$'&K,2"; Z, F .R"
.63#$ U *-,;*A:�� BD,O> F ]Q"&)W $A,O>g" @ $Q> @ (Z*�c "; Z, F .G" F 3#$ F ,;$'&K:z"%& @ 3J$����a,;$91Q3J.05D7H8,;:K,P. @ $A:K,�>I* @  #"%$'&u*-$A,
.63 @ 
�� ���� ����� ^ #{,=&L5'14,kBD,kBjM,;1Q,;$QB-"%$ F ,k,O>I&P,;$ " F;F 3J:[B "? Z, F .dc}]'5'143#&K]X8,?>I,k>I,;.03J$f.G"J(Z*A,;.0.6,C.R"
F 3#$Q>I&<:K* F & @ 3#$nBD,9.G" $-:K3Z><>I, >Wc "%:K:�),;&K,E1Q3J*A:EBD,O>):[" @ >I3#$Q> FW@ $�M,N& @ (Z*A,O>C(Z*Q"O$QB &<3J*A&k.6,91Q3J.05D7H8,N:K,
B @ :K, F &<,;7h,;$'&g,;$ F 3#$D&z" F &)"; Z, F .G"9>I*-: 0|" F ,�"�:-M,O" U @ ,N& 0s3J:<7h,h*A$-, F 3J* F ]A,E(+* @ 0|" @ &C3 $Q>L&[" F .6, 8"
.dc " F;F :K3 F ]Q" U ,`B', F ]Q"�)W $A,O>b>I*A1-1A.NM,;7k,;$D&z" @ :K,O> o � 

� N � r ^
*�" F 3J$ F ,N$D&<:["%& @ 3#$ ,N$ 1Q3J.65'7H8,;:<,�. @ $A:<,	1Q,;$QBA"O$D&f.G" :-M,O" F & @ 3#$�B\c " F;F :<3 F ]m" U ,TBD,?> F ]Q"�)W $A,?>

1Q,;:K7k,;&g" @ $Q> @ B\c "JBA"O1A&K,;:w.6,C&["O*A�9B', U :K,�V�" U ,k>I*A:P*A$-,)>I*A: 0|" F ,C1A.R"%$A,�^�#~c},O>L&9M, U "%.6,N7h,;$'&a.6, F "J>
(Z*Q"%$QB2.6,i>I* $Q>I&<:["%&w,O>I&~:K,;7k1A.G" F M,!1m"%:PBD,P.R"=> @ . @RF , F 3#.6.03 ` W B-"%.6,i" @ $Q> @ (+*A,i.6,P7h3#$D&<:K,g.|c},;�'1aM,;: @ ,;$ F ,
>I* @  #"%$'&K,Z^ ] 3J*m>9"? Z3#$Q>/1-:AM,;1Q"O:-M,�*A$A, >DM,;: @ ,�B\c<M, F ]Q"%$'& @ .6.63#$Q>2>I5'$D&<]aM,;& @ >'M,?>/B-"%$Q>9.6,O> F 3J$mB @ & @ 3J$m>
BD3#$A$aM,;,O>�,N$ 1m" U , � 6q,;$� #"%: @ "%$'&9.G"n(+*m"%$'& @ &-M,�BD, X?Z('�� ,;$'&K:K, � % ,N& �2@ % r 0s:z" F & @ 3J$m>
72"#>K> @ (+*-,O>yxz^:*\,C1Q3J.05D7H8,;:K,i72"%$Q(Z*Q"O$D&~1Q"%:P:z"%1A1Q3J:<&C"O*A�91A:K3#1Q3J:K& @ 3#$Q> @ $QB @ (Z*�M,;,?>�,O>L&g:K,N7h1A.G" F M,
1Q"O:�*A$A,b72"J><>I,)M,O(Z* @  #"%.0,;$'&K,{BD, Z!@ _�&<]D5'. # M,;&<3J$A,�^ ] 3J*Q>o"; Z3J$Q>o*A& @ . @ >'M,bBD* X 3#.65 Z!@ ' M,N&K]'5D. �Z@ .03%�-"%$-,
B @ ]D5-BD:K3O�'5D.NM,iBD,=7 "J>K>L,���� � � � @�@�@�@ ,;&PB\c @ $QB @RF ,iBD,)143#.65-B @ >L1Q,;:[> @ &-M,! "� � �'^ *\,?>�1m"%:K& @GF *-.6,O>
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 � � � 4 ���*� $G6�<!# F� � �/! �,�.-.-.��!
� ��!#�.-������ �&� �#�������+����� � ��-��
���������*�F�����A������� �&� �)�A-I�YD  �&�*�
-��"�#�*�
���&� � ���I�Q-��B�
6�&�����+�����L>.� �
�+�� �� � �0���*�%$ �2�I�"�����%�&�� � ���'!
� �/! ����� � �.��������!26�   F�"!#�A-.�&�F�%�/!
�/!&� �,�5�&�W��-� A!=��D��)���������F�"!# F�
� �/! �����+�.�U��!J�)���������# '-.��! 1 � �� "�@ �� 4   �� !# F� � �/! �����Z!�!O�/!
1 � � �2@ "�@ �� 4I>

BD,i> @ . @RF ,g3J$'&a*A$2:[";5Z3#$ F "%:[" F &-M,N: @ >'M,P1Q"%:~7 @GF :K3Z> F 3J1 @ ,2M,;.0, F &K:<3J$ @ (+*-,PBD, �#"�@ �� ^

X 3J*-:�7h,O>I*-:K,;:Q.dc @ $ b *A,;$ F ,�BD*P:[";5Z3#$`B', F 3J*A: $A*A:K, BD,{.G"a>I*-: 0|" F ,ZYW$A3#*Q>o"? Z3#$Q>\:-M,N1aM,;&-M,�.dc},N�D1�M,N: @ ,N$ F ,
"; Z, F BD,O>%$ @ .6.0,O>CBD,H> @ . @GF ,EBD, �2@ "�@ �� BD,E:[";5Z3J$X^�*\,91A:<3 F M,OBbM,E,;7h1A.03O5bM,h1Q3#*A:2.6, U :<,WVX" U ,f,O>L&
@ B',;$D& @ (Z*A,ZY F ce,O>I&@Y[8"�YdB @ :K,)(Z*A,i.G"h:-M,O" F & @ 3J$f>L,70|" @ &w,;$9*A$A, M,;&z"%1Q,ZY�B-"%$Q>PBD,).G" Z~@ _�&K]'5D. #)M,;&K3#$A,`,N&
"; Z, F BD,P.R" Z!@0@ >L3J1A:<3J1'5D.R_ &<]D5'. � 7 @ $A, F 3J7k7h, F "%&["O.65->I,;*-:;^ T 3J*-&K,�0s3 @ >WYQ.G"C>L*Q>I1Q,;$m> @ 3#$9BD, U :<3Z>K>L,O>
1Q"O:K& @RF *A.0,O>�$Xc},O>L&�1Q"#>�>I&z"&$A.0,j,;$i1A:-M,?>I,;$ F ,aBD, F ,;&K&<,a"O7 @ $A,�143#*A:bBD,O> F 3J$ F ,;$'&K:["O& @ 3J$Q>�,;$C1Q3J.05D7H8,N:K,
>I*-1aM,;: @ ,;*A:<,O>28"S,N$D @ :<3J$ ��% ^ #~ce,O>I&C1Q3#*A:[(Z*A3 @ Y{"%*GY|BD,;. 8"�B', F ,;&K&<, F 3J$ F ,N$D&<:["%& @ 3#$�Y�$A3#*Q>h"; Z3J$m>
,WV , F &<*aM,2.G"�:-M,O" F & @ 3#$ ,;$�:K,N& @ :z"%$'&C.dc "%7 @ $A,ZYo(+* @ Y�:z"%1A1Q,;.03J$Q>EY�.0,ZY{$�c},O>L&C1Q"J> @ $mB @ >L14,N$Q>K"�$A.6,E143#*A:
BD,O>21Q"%:<& @RF *A.6,?>/B', F ,;&<&K,f&[" @ .6.0,Z^ � *A:�.R" ^ U *A:K, 6D^ �-Y!.0, U :K3J*-14,TBD, &K:K3 @ >E>I5'7%$Q3J.0,O>h1A.6, @ $Q>f8"
.G" F 3J$ F ,N$D&<:["%& @ 3#$ � � � % >'M,;1m"%:K,�.0,O> M, F ]Q"%$'& @ .6.63#$Q>�>L5D$'&K]�M,;& @ >DM,O>9"; Z, F	F "%&["O.65->I,;*-:9,;& F ,;*A�
>I5'$'&K]�M,;& @ >'M,O>h>K"O$Q> F "%&z"%.05A>L,;*A:;^ X 3J*A: F ,N&K&K, F 3J$ F ,;$'&K:["O& @ 3J$�Yj.0,9&["O*A�qBD, U :<,WVX" U ,�:<,O>I&<, 0|" @ $-.6,ZY
72" @ >\.dc @ $ b *A,;$ F , BD,j.|c "%7 @ $A,�>I,#0|" @ &�>I,N$D& @ :;Y�1A* @ >K(Z*�c "; Z, F�F , F "O&["%.05A>L,;*A:NY;.G"~(+*Q"O$D& @ &-M,jB',j1Q3J.05D7H8,N:K,
" FNF :K3 F ]aM,P,O>I&~>L*A1�M,;: @ ,;*-:K,PB\ce,;$' @ :K3J$ 6 @ % ^
*\,O>!:-M,O>I*A.0&["O&[>a1A:-M,O>L,;$'&AM,O>a>L*A:g.G" ^ U *A:K,kr�6D^ �Dx�0s3#$D&w"%1-1Q"%:z"&)W &<:K,�(+*A,�Y\BA"O$Q>gBD,?> F 3#$QB @ & @ 3#$Q>~BD,

:-M,?" F & @ 3J$ M,O(+* @  #"%.0,;$D&<,O>WY @ .b5	"�$ @ ,N$	1A.6*m>CBD,2143#.65'798,;:<, U :K,WVwM,E>I*A:C.0,O>`1Q,;& @ &K,O>P1Q"%:<& @RF *A.6,?>`(Z*A,
>I*-:u.0,O> U :<3Z>K>L,O>WYoBA"O$Q>u*-$�:z"%1A1Q3J:<&CBD, � @ ,;$' @ :K3J$X^:*\,%0|" @ &P(Z*A,).dc @ $'&K,;: 0|" F ,i>I3 @ & F 3#*A: $�M,N,hBA"O$Q>
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.6,k1A:K,;7 @ ,;: F "J>`,O>L&C*A$tM,;.NM,;7h,;$'&i(+* @ 0|"; Z3J: @ >I,ZY�1Q3J*-:hBD,?>u:[" @ >L3J$Q> U M,;3#7qM,;&<: @ (Z*A,O>�Y�BD,O>`&z"%*A� BD,
U :<,WVX" U ,	M,;.0,; bM,?>W^

R1 ~ 150 A
o

R ~ 500 A
oo

2

Volume du cone^

Volume du cylindre

T 5'1 @ (+*A,N7h,;$'&;Y;,;$h1-:K,;$Q"O$D&�BD,O>bB @ 7h,N$Q> @ 3J$Q>�1A.R"%*Q> @ $A.0,O>WYZ.6,~:["O1A1Q3J:<&a,;$D&<:K,~.6,~ Z3J.0*A7h,~B\ce*A$ F )3#$A,
,;& F ,;.0* @ B\c}*-$ F 5'. @ $QBD:K,2:<,;1Q3Z>K"O$D& >I*A:h.R"�72),;7k,h>L*A: 0|" F ,�,O>L&hB',9.dc}3#:[BD:<,EBD, " Y F ,9(Z* @ BD3#$A$A,
*A$A,2,O>L& @ 72"%& @ 3J$ BD,2.dce,O>I1m" F , � >I*A1-1A.NM,;7k,;$D&z" @ :K, � 3%V ,;:<&98"�.R" F 3J*-:K3J$-$A,EBD,2143#.65'798,;:<,=1Q"O:=*-$A,
U M,N3J7�M,;&<: @ , F 3#*A: $Q,Z^

#{,;1Q,;$QBA"O$D&NY;.dc @ $'&K,;:<1A:-M,;&z"%& @ 3J$�BD,{.G"j1A.0*Q> U :["O$QBD,a(Z*Q"O$D& @ &-M, BD,j1Q3J.05D7H8,;:K, U :<,WVwM,a>I*-:�.6,O>\1Q,;& @ &K,?>
1Q"O:K& @RF *A.0,O>j$A,`1Q,;*-&g:K,;1Q3�>I,;:g*-$ @ (Z*A,;7h,N$D&b>I*-:PBD,O>~"%: U *A7h,N$D&z> U M,;3#7qM,;&K: @ (Z*A,O>�^ Z "O$Q>!.6, F "J>~(Z*A,
$A3#*Q>�1-:AM,O>L,;$D&<3J$Q>�YD.0,g7qM, F "O$ @ >L7h,a(Z* @ . @ 7 @ &K,a.R"`:-M,O" F & @ 3J$h,?>I&a72"O. F 3J$A$'*2,;&a D:z" @ >I,;7 $A.G"�$A.6,N7C,;$D&
B @ VwM,N:K,;$'&CBD, F ,N.6* @ M,; Z3'(Z*aM,21A.6*m>`]Q"%*A&)1Q3J*A:).6,?>`>I*-: 0|" F ,O>`1A.G"O$A,O>�^{_ $T,WV ,;&;Yo$A3J*m>=><"? Z3#$Q>C(Z*A,
.G"f$Q"%&<*A:K,E143#.G" @ :K,fB'*n>I3J.0 #"%$'&2"�*A$A, @ $ b *A,;$ F ,H>I*A:k.6,�&z"%*A��BD, U :K,WVX" U ,Tr� Z3 @ :=1m" U , ��� xC,N&
(Z*A,ZYQB\c "%*A&<:K,P1Q"%:<&;YQ.G"C:-M,O" F & @  @ &-M,PB',u.R"=> @ . @GF , F 3J$Q>L& @ &<*Q"%$'&~.6,O> U :K3Z><>I,O>~,;&a.6,O>j1Q,;& @ &<,O>�1m"%:K& @GF *-.6,O>
,O>L&aB @ VwM,N:K,;$'&K,ir� Z3 @ :j1m" U , �C@�@ xz^ Z , F ,/0|" @ &NY @ .\"O1A1Q"O:["&)W &a1Q,;*21A:K3 $Q"&$A.0,P(Z*A, F ,P>L3 @ &j*A$ @ (+*-,;7h,;$'&
.dce,;$ F 3#7%$-:K,;7),W$'&Q>L&AM,;: @ (Z*A,bBD,O> F ]Q"&)W $A,O>�> @ &K*�M,N,O>�"%*i Z3 @ > @ $Q" U ,bBD,{.G"~>I*-: 0|" F ,j(Z* @ BbM,N&K,;:<7 @ $A,o.dc "%:<:&),;&
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