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K!M�Ny_gj/Q/M k*PSfy_wj&RU_ Nyl:f%Od� ]�_bl8\BM�\Bl�k3j/NgNbj/Q/M \BM�Od� j/RUf �m_bfwj(�SM�fgN;l:n�c7RUOJRJM�l�Q/fwj&n6l:OJj/RUfgM®RUc7c7M�fgQ/]q¹DRUO6lB_gRJOUR�Nbj/R`_ OJM�\BR�Nyk*PCNyRU_bRU¾
fgM�k:fg]9NbM�nC_b]WNyl:f�O�j�Á3QSl:fgMWY:HUI��B�Cl:R!k*M�fgc7M�_b_gj/R`_¼\�� M9c7c7j/QSjSNyRJn:M�f�\BMWOd� j/RUfmj&k3k*P/fb_b].�7\:]�^:RU_mcÄj/NgNyR��Cl:M.T�P/n3Ny_gj/nS_mNbP/l3N�l:n:M
T�P/l3Tw�:Mq\:M�Nbj/^:OUMqRUc7c7M�fgQ/]9M¼\3j&n3N�\BMqO<� M9j/l!H6K!PSfgNg�Cl:MmO�j�k:fgM9NgNyRJP/n�\BMqO<� j&RJf�\:j/n3N O�j�Tg�3j/cÂ^:fbM�\BM��6RJM�nS_�NblBÀ�Ngj&nS_gM��6\BMqOd� j&RJf
k8j/NgNyMÄ�¦_gfgjD�/M9fgN�OJM�Nbj/^:OJM/H;K!M�N¡_wj&QSM7T�P/n3NbRJNy_gj/R`_���]�_gl3\BRJM�f�Od� ]9�/P/OJlB_bRJPSn�\BMÄOJj�k:fgM9NgNyRJP/n�\:j&n3NWO�j�Tw�3j&cÂ^:fgMÄj/l�T�PSl:fwN.\:l
_gM�c7k3N9H6° n¦M��*M�_��BRJO�jD��j/R`_�\B]��y��]�_g]�fgM�cÄj&fw�Cl:]q�Cl!� ��¾)j/RU^:OJM.\B]9^:R`_m\�� j&fgfgRU�/]9Mq\�� j&RJf��6OJj�k:fgM9NgNyRJP/n�]��/PSOUl3j/R`_�k*]�fgRUPB\:RJ�Cl:M9c�M9nS_
j/l¦T�P/l3fgN�\Bl�_gM�c7k3N! �Á3Q/l:fgM�I/HJI#"$�6�Cl:M��Cl3j/n3\�P/n¦j&l3Q/c7M�nC_gj&RU_�OJM�\B]9^:R`_#�6OJMqfg]�QSRUc7M�\BM��/M9n3j&RU_�^*M9j/l3T�PSl:k�k:OUl8N�Tw�3j/P&_bR��Cl:M��
j/O`_gM�fgn3j&nC_E\BM9N k:�3jSNyM(NvP�%�\BM(N®^:l3OUOJM9N k3jSNbNgj&RJM�nC_ \:j/n3N®Od� M9j&l�\:M�¾)j�&�P/nÄk*]9fbRJPB\BR��Cl:M�M�_�\BM9N k:�3jSNyM(N®P�%�\BM(Nv_gfgj/RUn8N \BMm^3l:OUOJM9N
k8j/NgNbj/RUM9nS_�\:M�¾)j�&�P/n T�P/nS_gRUn6l:M�� M�_Ä�Sl;� �s¾�PSfy_7\:]�^:RU_��vOUM fg]�Q/RJc7M¦\BM9�/M�n3j/R`_�_bP&_wj&OJM�c7M�nC_7T�P/nC_bRJnCl' Á3QSl:fbM¬ISH Y�" H K;M Ny_gj/Q/M
T�P/n3NbR�N¡_wj&RU_���]�_gl3\BRJM�fmO�j�_bfwj&n3NbR`_gRUPSn¦M9nS_bfgM.OJM.fg]�QSRUc7M.k*]�fgRUPB\:RJ�Cl:M.M�_mOUMWfg]�Q/RJc7M.T�P/nS_gRUn6l!H

(�)+*-, ISHUI/. u®�/P/OJlB_bRJP/n¬\BMÂO�j�k:fgM9NgNyRJP/nxM9nsfb]9Q/RJc7M�k*]�fgRJPB\BR��Sl3M�¹
h = 11cm

�
s = 2, 5cm

�
37 < r < 75µm

�
d = 1mm

�
V = 105cm3

�
D = 0, 8mg/s

(�)+*-, I/HZY�.�u®�/PSOUlB_gRUPSn \:M�OJjxk:fbM(NbNbRJP/n�M9n�fg]�QSRUc7M�T�PSnS_bRJn6l�¹
h = 11cm

�
s = 2, 5cm

�
37 < r < 75µm

�
d = 1mm

�
V = 105cm3

�
D = 3, 1mg/s
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(�)+* , YBHJI .��BTw�:]�cÄjÄ\Bl�\:RJNbk*PSNbR`_gR`¾ M�¥Bk*]�fgRUc7M9nS_gj/O�lB_bRJOJRJNb]

h
¹:�3j&l:_bM�l3fm\�� M9j&l�\3j&n3N�OJM�\BRJNbk*PSNbRU_bRU¾

V
¹:�/P/OJl:c7MW\BMWOJj7Tw�3j&cÂ^:fgM

s
¹:�3j/lB_bM9l:fm\BM�Nbj/^:OJM.\3j&n3N�OJMW\:RJNbk*PSNbR`_gRU¾

M
¹:cÄj/NgNyM.c�PSO�j&RJfbM.\BMWOd� j/RUf

r
¹:fwj
	/PSn¦\BM(N�QSfgj/RUn8N�\:MWNgj&^:OJM

< x >
¹B�&j&OJM�l:f�c�P�	/M9n:n:MW\BM

x
d
¹3\BR�j&c7e�_bfgM.\:l¦_gfbPSl¦M9nS_gfbM.O�j7Tw�3j&cÂ^3fbM

ρ
¹:cÄj/NgNyM.�/P/OJl:c7RJ�Cl:MW\:M.Od� M9j&l

M�_mOJj7T�P/l3Tw�:MW\BM�Nbj/^:OJM
g
¹:jST�T�]�OJ]�fwj�_bRJP/n \BM.O�j�k*M9Ngj&nC_bM9l:f

D
P/l

Dm

¹3\:]�^:RU_mcÄj/NgNyR��Cl:M.\�� j&fgfgRU�/]9M�\�� j/RUf
γ
¹3T�P6M�À�T�RUM9nS_m\BM._gM�n3NbRUPSn�Nyl:k*M9fyÁ*T�RJM�OJOUMW\BMWOd� M(j&l

Dv

¹3\B]9^:RU_m�/P/OJl:c7RJ�Cl:MW\!� j/fbfgRU�S]�M�\!� j/RUf
τ
¹B_gM�c7k3NmT�j/fgjST _g]�fgRJNy_bR��Sl3M�\BM.¾�M�fgc7M�_bl:fgMW\BlxT9j&n3j&O

Dc

¹:\:]�^:RU_¼T�fgRU_bR��Cl:M
∆p

¹3Nbj/lB¾%c�M9nS_gRUPSn�T�P/nS_gfgj/RUfgM��B\BR ��]�fgM�n3T�M�\BMWk:fgM9NbNbRJP/n
Vm

¹:�/PSOUl:c7M.c7PSOJj/RUfgM.\BMWO<� j&RJf M9nS_gfbM.OJM9Nm\BM�l:¥�¾)j/T�M(N�\BlxT�j&k:_bM�l3fm\BM.k3fbM(NbNbRUPSn
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K!MWc�PSnS_wj&Q/M.lB_bRJOUR�Nb].M(N¡_mfgM�k:fg]9NbM�nS_g].Nbl:f�O�j�Á3Q/l:fgMWG:HJI�¹

(�)+* , G:HJI .��sP/nS_wj&QSM�lB_bRJOJRJNb]
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� � j&R�lB_gRJOUR�Ny]�\BM9lB¥¦OUPSQ/R�T�RJM�O�N�¹
.��¼n�OUPSQ/R�T�RJM�O!\�� j/T��Cl:R�NbR`_gRUPSn  ��q»�ay�qk*M�nxK;j 	/M�fwN��6_gj&fb_bl3k���_gRJOURU_ 	�a��q»�GCY/Y�"�H8�EM.OJP/QSRJT�RUM9O�k*M9fbc7M�_¼\�� l:n:MWk3j/fy_m\�� M�n:a
�/P�	/M�f%l:n:ME_gM�n3NbRJP/n�\:P/n:n:]9M�j/l�\B]9^:RU_yazc�e�_bfgM��D�6R�j¼O�jqT�j/fy_gM�\�� jST��Cl:R�NyRU_gRUPSn �(M�_®\�� j/lB_bfgMEk8j&fb_ \BM�fgM9T�l:M�RJOUOJRJf%OUM(N%\:P/n:n:]9M9N
M9n:fgM�Q/R�Ny_bfg]�M9NmNbP/l8N�¾�P/fgc7MÂ\!� l:n3M�\BR ��]�fgM�n3T�M�\BMÂk*P&_gM�nC_bRJM�O%k3j&fqOUM�\:]�_bM(T _gM�l:f.\BMÂk:fgM9NgNyRJP/n �:_bP/l �¡P/l:fwN¼��O<� j&R�\BM�\BM�OJj
T9j&fb_bMW\�� jST��Cl:R�NyRU_gRUPSn!H

.��¼nxOJP/QSRJT�RUM9O;\BM�_bfwj&RU_bM9c�M9nS_  �·¸Q/PSfmk:fgP�G:HJI�X "��Cl:R;k*M9fbc7M�_�\BMW_gfgj/R`_gM�fmOJM9Nq\BP/n:n:]9M9Nm^:fglB_gM9N�¾�PSl:fbn:RJM9Nmk3j/fmOJM�OJP/QSRJT�RUM9O
\!� jST��Cl:R�NyRU_bRJP/n!H
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K!M�\B]�^:RU_yazc7e�_gfbMÄl:_bRJOUR�Nb]  )° K�a��#OJP����vY&§:I���"qRUnC_bfgPB\Bl:RU_Â\:MÄOd� j/RUfÂ\:j&n8NWOJjxTw�3j&cÂ^:fgM���\:]�^:RU_ÂcÄj/NgNyR��Cl:M

D
T�P/n3Ny_gj/nS_��

��j&fgR�j&nS_�M�nC_bfgM
0, 2

M�_
4, 3mg/s

H:·¸O;N9� j&Q/RU_�M�n ¾)j&RU_¼\!� l:n3MW��j/n:n:M/H �mn3MWfb]�_bfgPSjST _bRJP/n¦OJjÄT�PSc�cÄj/n3\BMW\:M�NyPSfy_gM.�Cl:MWOJMW\:]�^:RU_
c7jSNbNbR��Cl:M.\�� j&fgfgRU�/]9M�\�� j&RJfmNyPSR`_mT�P/n3Ny_gj/nS_(H

� � � � � ������	 ������� � ��� �
	 	 ��
"!
K!MÄT�j/kB_bM9l:fW\BM7k:fgM9NgNyRJP/n  z���x°$#&% ­('ÂI�}�§ "¼M9Ny_WT�P/n3Ny_bRU_bl:]Ä\�� l:n�k*P/nC_�\BM*)V�3M9j/Ny_bPSn:M7\BPSnS_Wl:n:MÄ\BM(N�fg]9NbRJNy_gj/n3T�M(N

\B]�k*M9n3\ \BMWOJj�k:fgM9NgNbRUPSn!H �6R!Od� PSn j/k:k:OJRJ�Cl:M.l3n:MW\BR ��]�fgM�n3T�MW\BM.k:fgM9NgNbRUPSn�M9nS_bfgM.OJM9N�\BM9lB¥ T,+/_b]9N��BOUMWk*P/nS_mM9Ny_m\B](Ny](�Sl3RUOJRU^3fb]SH
K;j�\BR �*]9fbM�n8T�M�\BM�k*P&_gM�nS_gRJM�O �Cl:R#M9nsfg]9Nbl:O`_gM�\B]�k*M�n8\s\:MÂO�j�\:R ��]�fgM�n3T�M�\BM�k:fbM(NbNbRJP/n  )T ¾¡H�k3j&fwj&QSfgj&k:�:MÄ¹.-Duv_wj&OJP/n:n8j&Q/M�\Bl
T�j&k:_bM�l3f�\BM�k:fbM(NbNbRJP/n0/��8k3j/Q/M7}�" H ��j&n3Nq_bP/l:_bM�O�j�Nbl:RU_bM��*OJM�T�j/kB_bM9l:f.\BM�k:fgM9NgNyRJP/nsM9Ny_�fbM9OURJ]�\�� l3n¬T,+/_b]���OJj¦Tg�8j&cÂ^:fgM���\BM
O<� j&l:_bfgM.��Od� j&RJf�M9nC�6RJfbPSn:n3j&nC_��:\BM�NyPSfy_gM.�Cl!� RUO!c7M9Nbl:fgM�O�j7\BR ��]�fgM�n3T�M�\BMWk:fbM(NbNbRJP/n¦M�nC_bfgM.O�j7Tg�3j/cÂ^:fgM�M�_�Od� j�_gc�PCNyk3�:e�fgM/H
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� Od� j/RJ\BM�\Bl�OJP/Q/R�T�RJM�O!\�� j/T9�Cl:RJNbRU_bRJP/n �:P/n k*M9lB_mk:RJOUP/_bM9f�OJMW\:]�^:RU_yazc7e�_bfgM�j�Á3nx\BMWOUl3R;j&k:k3OUR��Cl:M�f�O�j�_gM�n3NbRJP/n�\BM�T�P/n3NbRUQSn:M

�/PSl:OJl:M/H6��j&R�NERUO*¾)j/lB_�T�P/n3n3j���_bfgM¼O�jÂOUPSR*OJRJj/nS_�OJj�_gM�n3NbRJP/n
U
j&k3k:OUR��Cl:]�M�j/l¦\B]�^:RU_yazc7e�_gfbM.j&l¦\B]9^:R`_�cÄjSNbNbR��Sl3Mq\�� j&RJf

D
�Cl!� RUO

¾�PSl:fbn3R`_(H:­%P/l3fmT�M.¾)j&RJfbM�� ��� j/R�l:_bRJOUR�Nb].OJM.c7PSnS_gj/Q/MW\BM.O�j�Á3QSl:fbM.X3HJI�¹

(�)+* , X3HJI .��xPSnS_wj&Q/M.fb](j&OJRJNb]�k*P/l:f�]�_gj&OJP/n3n:M�f�OUM�\B]�^:RU_badc7e�_gfbM

K®� ]�k:fgP/l:�/M�_y_gM7M9Ny_�k:OUPSn:Q/]9MÄ\:j&n3NWOd� M(j&l �!k:l:R�NWOd� j/RUf��Cl!� M�OJOJMÄT�P/nC_bRJM�nS_ÂM9Ny_Wk*PSc7k*]Ä��O<� j&R�\BM�\�� l3n:M7_bfgP/c7k*M�� M9j/l �!\:M
NbP/fb_bM��Cl:M�Od� ]9k:fgP/l:�/M�_y_bM�NyM�fgM�c7k:OJR`_�\�� M9j&l!H#°®n3Nbl:R`_gM��#PSn j/k:k:OJRJ�Cl:M�j/l \B]9^:R`_badc7e�_bfgM�l:n:MÄ_gM�n3NbRJP/n�\BP/n:n:]9M��;M�_�jD�/M9T7l3n
Tw�:fgP/n:PSc�e�_bfgM��%P/n�c7M9Nbl:fgM¦OUM¦_gM�c7k3N7�Cl!� RJO�c7M�_Ä�¬M�nC�/P�	/M�f

100mL
\�� j&RJf7\:j&n3N�Od� ]9k:fbPSl:�/M�_b_bMSH K!M Q/fwj&k3�:M�P/^:_bM�n6l M9Ny_

fgM�k:fg]9NbM�nC_b]WNyl:f�O�j�Á3QSl:fbM.X3HZY¦¹

(�)+* , X3HZY/. �EPSl:fb^*MW\�� ]�_gj/OUPSn:n3j/Q/M.\Blx\B]�^:RU_badc7e�_gfbM

{



�qn�PS^3NyM9fb�/M �Cl:MEOUM�\B]9^:R`_ c7jSNbNbR��Cl:M
D
¾�P/l:fgn:RCM9Ny_#l:n:M ¾�PSn3T _gRUPSn�OJRUn:](j&RJfbME\BMEO�j�_bM�n8NyRJP/n

U
j&k:k:OJR��Sl3]�MEj&lÂ\:]�^:RU_yazc7e�_bfgMq¹

D(mg.s−1) = (0, 82± 0, 01).U(V )
 �X8HUI "

� ��� � 	 ����
"!�! ������� � �$�"��	 ��� ��� ��� � �
	 	 ��
"!
K!M.T�j/kB_bM9l:f�\BM�k:fbM(NbNbRJP/n�M�nC�SP/RJMq�ÂOd� P/fw\BRUn3j&_bM9l:fEl:n:M.\BR ��]�fgM�n3T�M.\BM�k*P&_gM�nS_gRUM9O �B�Cl!� RJO*¾�j/lB_���_gfbM�T9j&k3j/^:OJMq\BM�fbM9OURJM�f��ÂO�j

\BR ��]�fgM�n8T�MW\:M.k:fgM9NgNbRUPSn�c7M(Nyl:fg]�MSHB­%PSl:f�]�_wj&OJP/n3n:M�fmT�M�_¼j&k3k3j&fgM�RJO � ��� j/R!lB_bRJOUR�Nb].OJM.c7PSnS_gj/Q/MW\BM.O�j�Á3QSl:fbM.X3H G ¹

( )+*-, X3H G .��xPSnS_gj/Q/M.fb]9j/OJRJNb]�k*P/l:f�]�_gj&OJP/n3n:M�f�OUM�T�j&k:_bM�l3fm\BMWk:fbM(NbNbRUPSn

��� l:n�T,+/_b]���OUM7T�j/kB_bM9l:f.\BM�k:fgM9NgNyRJP/nsM(N¡_WNbP/l:c7R�N���OJj�k3fbM(NbNbRUPSn�j�_gc�PCNyk3�:]�fgRJ�Cl:M
P0

��M�_W\:M�Od� j&lB_gfbM���RUO M(N¡_WNbP/l:c7R�N��
OJj�k3fbM(NbNbRUPSn

Pi

fg]�Q/n8j&nS_���Od� RJnS_g]�fgRUM9l:f�\Bls_gl 	Sj&lsM9n�T9j&PSlB_gTw�:P/l3T/H %;��j/nS_.�Sl;� PSnsRUnC_bfgPB\Bl:R�NyM�\BM�Od� M(j&l�\:j/n3NqT�M�OJl:R`a¸T�R ��T�M9N
\BM�lB¥7k:fgM9NgNbRUPSn3N®NyPSnS_ ]�QCj&OJM9N9H&­%M�_bRU_��Wk*M�_gR`_#�SPSn7RJnS_gfbP:\Bl:RU_E\BM¼O<� M9j/lÄ�WOd� j/RJ\:M¼\�� l3n:MqNyM9fbRJn:Q/l:M���¾)j/RJNgj&nC_ c�PSnS_gM�f O�j.k3fbM(NbNbRUPSn
fb]9Q/n3j/nS_.\3j&n3N�OJM�_bl 	Sj/l�j&l¬�/P/R�NbRUn3j/Q/M�\Bl�T�j&k:_bM�l3fW\BM�k3fbM9NgNbRUPSn!H�K#j¦\:R ��]�fgM�n3T�M7\BM7k:fgM9NgNyRJP/n

∆P = Pi − P0

c7M9Nbl:fg]�M
k3j&f�OJMWT9j&kB_gM�l:fm\BMWk:fgM9NgNyRJP/n¦��j/lB_mj/OUPSfgN

∆p = ρg∆h
 �X3HZY�"

�qn¬c7M(Nyl:fgM7j/OUPSfgNqO�j�_gM�n3NbRUPSn�\B]9OURJ�6fg]�M�k3j&f.OJMÄT�j/kB_bM9l:fW\BM7k3fbM(NbNbRUPSn ��j(�/M(TÂl3n�cÂl:O`_gRJc�e�_bfgM��!M�_WPSn�_bfwj/T�M�OJj�T�P/l3fb^*M
Nyl:RJ��j/nS_gM7¹

(�) *-, X3H X . �EP/l3fb^*MW\�� ]�_gj/OUPSn:n3j&QSM.\BlxT�j&k:_bM�l3fm\BM.k3fbM(NbNbRUPSn

K;��M�n3T�P/fgM��6O�j�fg]�k*P/n8NyM.\BM.O<� j/k:k3j&fgM�RJO���l:n:M�\BR ��]�fgM�n8T�MW\BM.k:fgM9NgNyRJP/n�M(N¡_�OJRJn:]9j/RUfgM��6k:l3RJNg�Cl:M.OJj�OUPSR�OJR�j&nS_�O�j�_bM�n3NbRJP/n
U�Cl:R!j/k:k3j/fgj �J_�M9nS_bfgMWNbM9N�¾)jST�M9N�Nbl:RU_bM���l:n:M�\BR ��]�fgM�n3T�M�\BMWk:fbM(NbNbRJP/n¦M9Ny_W¹

∆P (Pa) = 200± 50 + (850± 20).U(V )
 )X3H G�"

}
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�qj/n3N�O<� j&n:n3M�¥BM&%  )k3j&Q/MWY:I#"$�6P/n¦�/PSR`_m�Cl:M�Od� j/RUf�_gfgjD�/M�fwNbM¼l:n�T9j&n3j/O��Sl3R�M�¥BRJNy_bMW\B] �y�7j&l NbM�RJn \BM.O�j�T�P/l3Tw�:M.\BMWNgj&^:OJM��
M�_��Cl!� RJO*_gfgjD�/M�fwNbM¼l:n:M.k*M�_bRU_gM�]9k3j&R�NgNyM9l:f�\BM.Ngj&^3OUM.�Cl:R�^*PSl3Tg�3M�OUMW\BM9NgNyl8N�\BM.T�M.T�j/n3j&OdH6�sj/R�N���Tw�3j/�Cl:Mq¾�P/R�N��Cl!� l:n:M.^:l:OJOUM
\!� j/RUfqk8j/NgNyM�\:j/n3NqO<� M9j/l �*M�OJOUM�\B]9k:O�j/T�M�\Bl�OJR��Sl3RJ\BM��*M�_WT&� M9Ny_.T�M�\B]�k3OJjST�M�c7M9nS_.\BM�OJR��Sl3RJ\BM7�Sl3R%k:fgPD�/PB�Cl:M�OJM�NbP/l:OJe��/M9c�M9nS_
\:l ^*PSl3Tg�3P/n�\BMWNgj&^3OUMSHB°®n3Nbl:R`_gM��3OJMWNgj&^:OJMWj�_bM�n8\:j&n3T�MW��¾�PSfbc7M�f�l:n�n:P/l3�/M9j&l ^*P/l3Tw�:P/n M�n��3j&l:_m\BlxT�j/n3j&OdH
»;PSlB_q\B]9k*M�n3\s\BM�O�j7fwj&k:R�\BRU_b]ÂjD�/M9T.O�j/�Cl:M9OUOJMWO�j7k3fbM(NbNbRUPSn c7PSnS_bM�\:j&n3NmO�jÄTw�3j/cÂ^:fbM��:M�_q\BMÂOJjÄfwj&k:R�\BRU_b]Âj(�/M(T.OJjS�Cl:M�OJOJM

OJM¼^*PSl3Tg�3P/n�NbM¼fgM�¾�P/fgc7M¼j&k:fge9N OUMqk3j/NgNbj/Q/Mm\�� l:n:Mq^:l:OJOJMÂ¹6NbR8OJMm_bM9c7k3N�T�j&fwj/T�_b]9fbR�N¡_gRJ�Cl:Mm\:M¼c7P/nC_b]�M�\BM¼O�j�k:fgM9NgNyRJP/n�\:j&n8N OJj
Tw�3j&c�^:fbM  )�:P/c7PSQ/e�n:M¼�

V

Dv

�CP�%
Dv

M9Ny_ OJMq\B]�^3R`_��/P/OJl:c7RJ�Cl:M��S\:RUfgM9T�_bM�c7M9nS_EOJRU]qj/l�\B]�^3R`_�cÄj/NgNyR��Cl:M
Dm

k3j/f Od� M�¥6k3fbM9NgNbRUPSn
Dv = Dm ×

Vm

M

"EM9Ny_�Nbl:k*]9fbRJM�l:f�j/l�_bM9c�k8N�T�j/fgjST _g]�fgRJNy_bR��Sl3M¼\BMq¾�PSfbcÄj&_bRJP/n¦\Bl¦^*P/l3Tw�:P/n �COJM�fb]9Q/RJc�MqM(N¡_�k*]�fgRJPB\BR��Sl3M��6T�j/f
OJM�^*PSl3Tg�3P/nsjÄOUM�_bM�c7k3Nq\:MÂNbM�fbM�¾�P/fgc�M9f¼j(�&j&nS_¼OJM�k3jSNbNgj&QSMW\�� l:n:MÂn:P/l3�/M�OJOUM�^:l:OJOJMÂ\!� j/RUf(H �6RUn3P/n �8OJM�fg]�Q/RJc7MWM9Ny_qT�P/nC_bRJnCl �
T9j&f�OUMW^*P/l3Tw�:P/n n!� j�k3jSN�OUM._bM9c7k3Nm\BM�NyM.fgM�¾�PSfbc7M�f(H
K!MÂ_gM�c7k3N.T�j&fwj/T�_b]9fbR�N¡_gRJ�Cl:MÂ\BM�c�PSnS_g]�M�\BM�OJj�k:fgM9NgNyRJP/n�\:j&n8N¼O�j¦Tg�8j&cÂ^:fgM�\B]9k*M�n3\¬\BM

Dm

 )k3j&f�Od� RJnS_gM�fgc�](\BR�j&RJfbM�\:M
Dv

"¼M�_W\BM
V
H;�qn�k8M9lB_.fwj&R�NyPSn:n3j&^3OUM9c�M9nS_qk*M�n3NbM�f.�Cl:M�OUM�_bM�c7k3N.T9j&fwj/T _g]�fgRJNy_bR��Cl:MÂ\BM�¾�P/fgc7j&_bRJP/n�\:l�^*P/l8Tg�:PSn�\:]�k*M�n3\

\:l�fwj
	SP/n7M�_�\BMqOJj�cÄj/NgNbM¼\BM(N QSfgj/RUn8N  <\BRJfbM(T _bM9c7M�nS_�OURJ]9NEO<� l:n¦��Od� j/lB_bfgM#"$�SM�_�\:M¼O�j�n3j&_bl:fgMq\Bl�¿3l:R�\BM�\:j&n8N OUM(�Cl:M�O*RUO�N�NyPSnS_
RJc7c7M�fgQ/]9N��6OJMWc�PSl:�/M�c7M9nS_¼\BM9N�Q/fwj&RJn3N�\:j&n8N�OUM.¿3l:R�\BM�jD��j&nC_�\:M.fgM�^*PSl3Tg�:M9f�OJMWT9j&n3j/O�\B]9k*M�n3\:j/nS_¼\BM�T�M(N�\BPSn:n:]�M(N�H
� � j&RE\BP/n8TÄ\:]9T�R�\B]��;k*P/l3f�]�_bl3\BRJM�f�OJj�_bfwj&n3NbRU_bRJP/n�M�nC_bfgM�OUM(NÂ\BM�lB¥�fg]�Q/RJc7M9N��;\BMÄ_gfgjST�M�f�l:n�\BRJj/Q/fwj&c7c7M7fgM�k:fg]9NbM�nC_gj/nS_

OJM9Nm\BP/cÄj/RUn:M(N�\BM9N�fb]9Q/RJc7M9N�k*]9fbRJPB\BR��Cl:M.M�_¼T�PSnS_bRJnClx\:j/n3N�l:n�fgM�k*e�fgM  
Dm

�
V
"$�:k*P/l3fm\BR ��]�fgM�nC_bM(N�_wj&RJOJOUM(N�\BMWQ/fwj&RJn3N9H � � j&R

j/l3NgNyR�¾)j&RU_ml:n:M�Ny]�fgRJM.\BMWc�M(Nyl3fbM.M�n�c�M�_y_wj&nS_¼\:l�NgjD�/P/n  �q°������ "�\:j/n3N�Od� M(j&l�j�Á3n�\BMWc7PB\BRUÁ3M�f�OJM.k3j/fgj/c7e�_bfgM
γ
�:cÄj&R�N

T/� M(N¡_mOJj7NbM�l3OUM.c7M(Nyl:fgMW�Cl:M ��� j&R�¾)j&RU_bM�T�PSn3T�M9fbn8j&nS_�O<� RJnB¿3l:M�n8T�M�\BMWOJj7n3j�_gl:fbMW\Bl ¿3l:R�\BMSH

� ��� � 
 
�
 ��! 	 
 
"! 	�� ����
 � � ��� ��� � ����	 	 ��� 	�� ������� 	 ��� 	�������� 	��"! 	 ��� 	 
"� �
���������

�������! "$#&%('*),+.-
·¸OmM9Ny_�RJnS_b]9fbM(NbNgj&nC_�\BMsNgj(�/PSRUfÄ�Cl:M�OJOJM�M(N¡_�O�j¬_wj&RJOJOUMs\BM9NÄ^3l:OUOJM9N�j/l©c7P/c7M9nS_�\BMxOJM�l3f7¾�PSfbcÄj&_bRJP/n!HE�EM9OJj�k*M9fbc7M�_ÄM9n

k8j&fb_bR�T�l:OJRUM9f�\BM�T�P/n:Á3fbc7M9f.OJM7¾�j/RU_Â�Sl3M7OJM�Nbj/^:OUM�NyM�NyPSl:OUe9�/M7j/k:fge9N.OUMÄk3jSNbNgj&QSM�\BMÄO�j ^:l:OJOJM/H!­ P/l:fÂT�M�O�j � ��� j&R®c7P/nC_b]Äl:n:M
j/lB_bfgM.cÄj&n:RJk:l:O�j�_gRUPSn �:\BPSnS_mOJj�k:�3P&_bPÄM9Ny_�fgM�k:fgPB\Bl:RU_bMWNyl3f�OJj�Á3QSl:fgMWi:HUISH
�mn¢_bl:^*M¬M9n¢k 	6fgM�¥V\BM

1, 4cm
\:M¬\BR�j&c7e�_gfbM�M�_�\�� l:n:M¬�3j/lB_bM�l3f \BM

37, 3cm
M(N¡_ c7j/RUnC_bM9nCl¢�/M9fy_gRJT9j&OJM�c7M�nC_���NbP/n

M�¥6_bfg]�c7R`_g]qRJnB¾�]�fgRUM9l:fbM�NbM¼_bfgP/l:�&j&nC_�\:j/n3NEl:n¦T�fbR�Ny_gj&OJOJRJNbP/RJf9HB�EM¼_bl3^*MqM(N¡_�fbM9c7k:OUR�\BM�Ngj&^3OUM�Nbj&_bl:fg]q\�� M9j/l �CM�_�OUM.T�fbR�Ny_gj/OUOJRJNbP/RJf
T�P/nS_gRJM�nS_mOJl:R;j&l8NbNbR!\BM.Od� M9j&l;H

��������� /10324-65879)9'8:;#(%32
�qn P/^3NbM�fg�/M��Cl!� �xOd� ]9�Cl:RJOURJ^:fgM��#OUM¦Nbj/^:OJMÄM(N¡_�Nbj&_bl:fg]�\�� M(j&l�Nbl:fÂl:n:M¦T�M�fb_gj/RUn:M��3j&l:_bM�l3f��#M�_��Cl:M�OJM¦Nbj/^:OUM�NbM�NbR`_gl3j&nC_

j/lBaz\:M9NgNyl3N�M(N¡_ �¡l3Ny_bMÂ�Cl3c�R�\BM  �PSn�OJM��/P/RU_qNyl3fmO�j7k:�3P&_bPs¹3OJMÂNgj&^:OJM�NbR`_gl:]�M�nx�3j/lB_q\BMÂOJj�T�PSOUPSn:n:MWn!� M9Ny_¼k3jSNm\BM�O�jÄc �9c7M
T�P/l:OJM�l:fm�Cl:MWOUM�Nbj/^:OUMWNbR`_gl:]WM�nBa¸\BM9NgNbP/l3N " H

�



(�)+*-, iBHJI .�­ �:P&_gPÄ\Bl�c7P/nC_gj&QSM

��������� � :;-	% ) 7(-������
	 '���
�-�
���2�'*),+.-
K!M�Ngj&^3OUM�k:fb](NyM9nS_v\:j/n3N T�ME_bl3^*M�M(N¡_%¾�PSfbc7]�\BM�k*M�_bRU_bM(N%^:RJOJOUM(N Nbk:�:]�fgR��Sl3M9N��DM�nC_bfgMEOJM9Ng�Cl:M�OJOJM9N%M�¥BRJNy_bM�l:n�k*M�_gR`_vM(Nyk3jST�MEk3j/f

OUM(�Cl:M�O�Od� j&RJf�M�_mOd� M(j&l k*M�l:�/M9nS_mk3j/NgNbM�f9H3�EM�_�M(Nyk3jST�M�M(N¡_m]9�Cl:RJ��j&OJM�nC_���l:nxT�j&k3RUOJO�j&RJfbM.\BP/nC_�n:PSl3N�j&OJOUPSn3N�M(NbNgj
	SM�f�\�� M9Ny_bRJc7M�f
l:n:M�QSfgj/n3\BM�l3f T�j&fwj/T�_b]9fbR�N¡_gRJ�Cl:MSH&�EP/c7c7M�\:j/n3N O<� j&lB_gfbM�\BRJNbk*PSNbRU_bRU¾ ��Od� j/RUf k*]9n:e�_gfbM�\:j/n3N%OJM�Nbj/^:OJME_bPSlB_vM�n�fgM�k*PSl3NbNgj&nC_%Od� M(j&l!H

( )+*-, iBHZY/.��q]�Á3n:RU_bRJP/nx\:M.Od� j&n:QSOUMW\BM.c7PSl:RUOJO�j&QSM

� Od� ]9�Cl:RJOURJ^:fgM  Á8Q/l:fgM�iBHZY�"$�SOd� RJnC_bM�fb¾)j/T�Mqj&RJfbadM(j&l7¾)j&RU_�j(�SM9TmOUM(NEk3j&fgP/R�N \Bl¦T�j/k:RJOUO�j&RJfgMml:n¦j&n3Q/OJM
θ = θ0

^:RJM�n¦\B]�_gM�fgc7RUn:]��
\BP/n3TmM�OJOUMqjWl:n�fwj 	/P/nÄ\BMqT�P/l3fb^:l3fbM

R
^:RJM�n�\B]�Á3n:R �CT�M¼�Cl:R*T�P/fgfbM9Nbk*P/n3\7�Wl:n:Mq\BR ��]�fgM�n3T�Mq\BM¼k:fgM9NgNbRUPSnÄ\BP/n:n:]9MmM9nS_bfgM¼O<� j&RJf

M�_mOd� M(j&l �:NbM�OJP/n Od� ](�Cl3j�_gRUPSn \BM�K;j/k:O�j/T�M7¹

∆p =
2γ

R

 <i:HUI "
K;jWc7M(Nyl:fgM¼\BM

∆p
k*M�fgc7M�_�\BP/n8Tm\BMqT9j&O�T�l:OJM�f

R
�CNbjSTg�8j&nS_E�Cl:M

γ = 7, 2.10−2kg.s−2
H �6R*OJjÂ\BR �*]�fgM�n8T�Mq\BM¼k:fgM9NgNyRJP/nÄM�nS_gfbM

O<� j&RJf¼M�_qO<� M9j/lxn!� j�k3j/N¼T�M�_y_gMÂ��j&OJM�l:f#�3O<� j&RJfmn3M�k*]�n3e�_bfgM�k8j/N¼\:j&n8NmOUM�T�j/k:RUOJO�j&RJfbMSH3K®� RUnC_bM9fy¾)jST�M�M�nC_bfgM�OJMÂNgj&^:OJM�Ngj�_gl:fg]�\�� M9j/l
M�_mOJM�Ngj&^:OJM.�6l:c7RJ\BM�c7RJNbMWM�n�]9�6RJ\BM9n3T�M�\:j/n3N�Od� M�¥Bk*]�fgRJM�n3T�M�T�P/fgfgM9Nyk*P/n8\�M�¥:j/T _gM�c7M�nC_¼��O�j7NbRU_bl3j&_bRJP/n P�% O�jÄ\BR ��]�fgM�n3T�M�\BM
k:fbM(NbNbRJP/n�M9nS_gfbM�Od� j/RUf�M�_�Od� M9j&l¦RUc7k*PSNbM.�

R
\�� jD�/P/RJf�T�M�_y_gM��&j&OJM�l:f�k:fg]9T�RJNbM/H6­%P/l3f�T�P/n:n8j���_bfgM

∆p
�BRJO�n!� 	�j��Cl!� ��c7M9Nbl:fbM9f�OJj

�3j&lB_gM�l:f
h
\BMWOd� RJnS_gM�fb¾)j/T�M.k3j&f�fwj&k:k*P/fb_���O�j��3j&lB_gM�l:f¼\�� M(j&l�\:j/n3N�OJMWT�fbR�Ny_gj&OJOJRJNbP/RJf�¹

∆p = ρgh
 diBHZY�"

P�%
ρ
M9Ny_�O�j�cÄj/NgNyM.�/P/OJl:c7RJ�Cl:MW\:M.Od� M(j&l M�_

g
O<� j/T9T�]�OJ]�fwj�_gRUPSn¦\BMWOJj�k*M(Nbj/nS_gM�l:f(H

£



��������� � 	 2 ���;'*)9'*2 -���� 	65 :�� - %('*) ���
°v¥Bk*]�fgRUc7M9nS_gj/OUM9c7M�nS_#��j(�/M(T�\BM(N¼Q/fwj&RJn3N¼\BPSnS_�OUMÂfwj 	/P/nxNbM�NbR`_gl:MÂM9nS_gfbM

200
M�_
250µm

�*M�_.\BM�O<� M9j/ls\:lsfgP/^:RJn:M�_������ j&R
c7M(Nyl:fg]

h = 31, 6cm
�/T�Mm�Sl3R:T�P/fgfbM(Nyk*P/n3\��

R = 45µm
�/NbP/RU_

R = 0, 4r
HC�EM9T�RBM(N¡_®M�nÄj/T9T�P/fw\�j(�/M(T�\BM(N fg]9Nbl:OU_gj&_gN%_bfgP/l:�/](N

k3fb]9T�]9\BM9c7c�M9nS_#�SP�%�O<� P/n7_gfgP/l:��j/R`_
R = 0, 46r

H %;�/M9T¼\Bl�Ngj&^:OJMmM�_�\BM¼O<� M9j/l7_gfbe9N k:fgP/k:fgM9N��&PSn7_bfgP/l:�/M
R = 0, 30r

jD�/M9T�OJM9N
c �9c�M(NmQ/fwj&RJn3N
	JI��dH��EM9OJj7RJnB¿3l3MÂNyl3fmOJMWfg]9Nbl:OU_gj&_¼T�j&f¼NbR;OUMÂNgj&^:OJMWM9Ny_¼k:fbPSk:fgM��:OJjÄ��j&OJM�l:f¼\BM

θ0

\BM9�6RUM9nS_q�7k*M9lxk:fbe(N�nCl:OJOJM��
M�_�NbR�Od� M(j&l¦M9Ny_�k:fgP/k:fgM��

γ
M9Ny_�k:OJl3N�]9OUM9�/]/H6­vj&f�j&RJOJOUM9l:fgN��6Nbl:f�Od� jST��Cl:R�NyRU_bRJP/n¦T�P/fgfbM(Nyk*P/n3\3j&nS_��ÂO�jÂÁ3Q/l:fgM.i:H X �CPSn�k*M9lB_�¾)j&RJfbM

l3n �:R�Ny_bP/QSfgj/c7c�M�k*PSl:f�OUM(N�\BR ��]�fgM�nS_gM9N���j/OUM9l:fgN�\Bl fwj 	/P/n  Á3QSl:fbM�i:H G " H:K;M.fwj
	/PSn¦\:MWTw�3j/�Cl:M.^:l3OUOJMWM9Ny_mT9j&O�T�l:OJ].Q/f�
/T�M��
l3n¦k:fgP/QSfgj&c7c7Mq�Cl:M-��� j&R�¾)j&RU_m��O<� j&R�\BM.\�� ·¸Q/PSf��6�Cl:R�k*M�fgc7M�_�\:M.\B]�_bM9fbc7RJn:M�f�k*P/l3f�Tw�3jS�Sl3Mqk:R�T�OJj�k:fgM9NgNbRUPSn/�¡l3Ny_bMWjD��j/nS_�OJj
c7PSnS_b]9MqM9n¦k:fbM(NbNbRJP/n�M�_�OJj�k:fbM(NbNbRJP/n/�¡l3Ny_bMWj&k:fge9N9H �¼MWT�M�_b_bM.\:R ��]�fgM�n3T�M�\:M�k:fbM(NbNbRJP/n �CP/n¦\:]9\Bl:RU_�OUM�fwj
	/PSn�\BM�OJj�^:l:OJOUM.�Cl:R
N9� M9Ny_E¾�P/fgc7]�MqQSf�
ST�Mq�ÂOd� ](�Cl3j�_gRUPSn�\:M�K#j&k:O�j/T�M/H6K®� �:R�N¡_gP/QSfgj/c�c7MqNbl:f�OJM9N�fgj 	/P/n8N j�]�_g]¼¾)j/R`_�Nbl:fmiBIqc�RJnCl:_bM9N�\�� j/T��Cl:R�NbR`_gRUPSn
 yID}ÄjST��Cl:R�NyRU_bRJP/n8NqT�P/c7c7M�T�M�OJOJM�\:M�OJj�Á3Q/l3fbM�i:H X " H!�qnsPS^3NyM9fb�/M��Sl3M�OJj���j&OJM�l3fqOJj�k:OUl8Nqk:fgP/^3j/^:OJMÂ\Bl¬fgj 	/P/ns\BM�OJj�^:l:OJOUM
j/l¦c7P/c7M�nC_m\BMWNbjÂ¾�PSfbcÄj�_gRUPSn�M(N¡_��/P/R�NbRUn:M.\BM.O�j���j/OUM9l:f�\BP/n:n:]9M�k3j/f�Od� M�¥6k*]9fbRJM�n3T�M.\BM.OJj7T�P/OJP/n:n3M��BT�MW�Cl:R�RJOUOJl3Ny_bfgM�OJMq¾)j/R`_
�Cl:MWO<� j&RJf�n:M�NyPSl:OUe9�/M�k3jSN�OUM�Ngj&^:OJM�k*PSl:f�k3j/NgNbM�f�\:j/n3N�Od� M(j&l �:c7j/RJN�k3j/NgNyM.M�nC_bfgM.OUM(N�QSfgj/RUn8N�\:MWNgj&^:OJM/H

(�)+*-, iBH G .��mR�N¡_gP/QSfgj/c�c7M�k*PSl:f OJM¼fgj 	/P/nÄ\BM(N®^3l:OUOJM9N¼¹
s = 2, 5cm

�
h = 3cm

�
d = 1mm

�
V = 119cm3

�
D = 0, 8mg/s

�
100 < r < 125µm

HC­ P/l:f�Tg�3jS�Cl:M¼��j&OJM�l3f
r
\Bl�fgj 	/P/n ���  �f "®M9Ny_EOJMqn:P/cÂ^:fgMq\BMq^:l:OJOUM(NE�Cl:R�NbP/nS_�k3j/NgNy]9M9N j 	Sj&nC_ l3n�fwj 	/P/n

T�P/c7k:fgRJN�M�nC_bfgM
r
M�_

r + 1
H

(�)+*-, iBH X .�u®�/PSOUlB_gRUPSn©\BM OJj¬k:fgM9NgNyRJP/n�M9n�¾�P/n3T�_bRJP/n©\Bl�_bM9c�k8N��
s = 2, 5cm

�
h = 3cm

�
d = 1mm

�
V = 119cm3

�
D = 0, 8mg/s

�
100 < r < 125µm

I9§
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K;jsc7M(Nyl:fgM�Q/]9P/c7]�_gfbR��Cl:M�\BM T�M��/PSOUl3c�M¦n!� M(N¡_�k3jSNÂ]��6R�\BM�nS_gM�� T9j&f�OJj�Tw�3j/cÂ^:fbM�M9Ny_�n:P/n�NbM�l3OUM9c�M9nS_�¾�P/fgc7]�M¦\BM¦O�j

T�jD�6R`_g]�k:fb](NyM9nS_gM�j&l�^8j/N \Bl7\:RJNbk*PSNbR`_gR`¾ �&c7j/RJN ]�QSj/OJM�c7M�nS_®\Bl�_bl 	Sj/l�\�� j&fgfgRU�/]9ME\!� j/RUf(HD°®OJOUMmj�\BPSn3TEl:n3M�¾�P/fgc�M�fbM9OJj&_bRJ�/M�c7M�nC_
T�P/c7k:OJM�¥BMSH*�sj/RJNqP/n�k*M�lB_�_bPSlB_.\:M�c �9c7M�T�j/OJT�l:OUM9f�NyPSns�/P/OJl:c7M�M�¥Bk*]�fgRUc7M9nS_gj/OUM9c7M�nS_(H*°®n¬M$��M�_���OJP/fwNg�Sl3M�Od� j/RUfqk*]9n:e�_gfbM
\:j&n3N�OJj7Tw�3j&cÂ^3fbM��:NyR!P/n OJMWT�P/n3NbRJ\:e�fgM.T�P/c7c7M.l:n�QCj���k3j/fy¾)j/R`_#�:NyPSn¦](�Cl3j�_gRUPSn \�� ]�_wj�_mM9Ny_W¹

PV = nRT
 <{:HJI#"

P�%
V
M(N¡_ OJMm�/P/OJl:c7Mm\BMmO�jWTw�3j&cÂ^3fbM  )P/n�T�PSn3NyR�\Be9fbM�OUM¼N 	BN¡_ge�c7Mm\Bl3fgj/nS_ l:n:Mmk*]�fgRJPB\BM�P�%ÄO<� j&RJf®n:M¼�Cl:RU_y_gMmk3jSNvO�jWTw�3j&cÂ^:fgM��

T&� M9Ny_ya¸��a¸\BRUfgMqOJP/fwNg�Sl3MqOJM.fg]�QSRUc7M�M9Ny_�k*]9fbRJPB\BR��Cl:M�M�_mM�nC_bfgM.OUMWk3j/NgNbj/Q/M�\BM�\BM�lB¥¦^:l:OJOJM9NmNyl3T9T�M9NgNbRU�/M(N "�H6­%M9n3\:j/nS_mOJM�_bM9c�k8N
t\BMWc�PSnS_g]�MW\BMWO�j�k:fgM9NgNyRJP/n �BOJj��&j&fgRJj&_bRJP/n¦\:M.O�j7�Cl3j&nC_bRU_b]�\�� j&RJf�M(N¡_�¹

∆n =
tDm

M

 ){3H Y�"
P�%

Dm

M(N¡_ OJM�\B]�^3R`_vcÄj/NgNyR��Cl:M�\�� j&fgfbRJ�/]�ME\!� j/RUf%M�_
M
Ngj¼cÄj/NgNyMEc7PSOJj/RUfgM��DNbP/RU_

29g/mol
H �qM�O�� �DRJO6fg]9Nbl:O`_gM��Cl:M�O�j¼�&j&fgRJj&_bRJP/n

\BMWk:fbM(NbNbRJP/n¦k*M�n3\:j/nS_mOJM�_gM�c7k3N
t
�&j&lB_W¹

∆p =
tDmRT

V M

 ){3H G "
K;j�k*M�nC_bM�\BMWO�j7T�P/l3fb^*MWj&l c7P/c7M�nC_m\:M.O�j�c7P/nC_b]�M�\BMWOJj�k:fgM9NgNbRUPSn��&j&lB_�¹

pente =
∆p

t
=

DmRT

V M

 ){3H X "
�¼MWO�� �:P/n�\B]9\:l:R`_q�Cl:M.OJM.�/PSOUl3c�MW\:M.O�j7Tg�8j&cÂ^:fgM.M9N¡_m]�QCj&O!� ¹

V =
DmRT

pente.M
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�qn�fgM�cÄj&fw�Cl:Mq�Sl3M�Nyl3f�OUM(N�T�PSl:fg^*M9N M�¥6k*]9fbRJc7M�nC_gj&OJM9NEM�n¦fb]9Q/RJc�Mqk*]�fgRUP:\BRJ�Cl:M��SO�jÂc7P/nC_b]�M�M�n¦k:fbM(NbNbRJP/n�n!� M9Ny_�k3jSN _bPSlB_

�¼¾)j&RU_vOJRUn3]9j&RJfgM  <T�M�O�j�NbM��/PSRU_ ^:RJM�n7Nbl:f O�j¼Á3QSl:fbM�i:H X " H/�EM9OJjqM(N¡_®\
�7��l:n�M$��M�_v_b�:M9fbc7R��Sl3M��Cl:R:NbM�k3fbPB\Bl3R`_®\:j&n3N O�j�Tw�3j&cÂ^:fgM
j&l�c7P/c7M�nC_�\Bl�k3j/NgNgj&Q/M�\:M7O�j ^:l:OUOJM/H!° n�M$�*M�_��;OJj c7P/nC_b]�MÄM�n�k:fgM9NgNbRUPSn ��fgM�O�j�_bRJ�/M�c7M9nS_WOUM9nS_gM��;NbM�¾)j/R`_Â�¦_bM9c7k8]9fgj&_bl:fgM
j&cÂ^:R�j&nC_bM��8j&OJP/fwN��Cl:MWOJj7^:fglB_gj/OUMW^3j/RJNgNyM�\BMWO�j�k:fgM9NgNyRJP/n�\Bl:MÂj&l k8j/NgNbj/Q/M.\BMWO�j7^:l:OJOUMÂNyM.¾)j&RU_¼\:M.¾)j�&�PSn�jS\BRJj/^3j�_gRJ�Cl:MSH:K!M
k3j/NgNbj/Q/MÂ\BM�OJj�^:l:OJOUM�M9Ny_.\BPSn3T�j/T9T�P/c7k3j/Q/n:]Â\�� l:n:M�^3j/RJNgNyM�\BM�O�jÄ_gM�c7k*]�fwj�_gl:fbM�\BM�Od� j/RUf.\:j&n8N¼O�j¦Tg�3j/cÂ^:fgM/H�K®� ]9�Cl:RJOURJ^:fgM
_b�:M9fbc7R��Cl:M.jD�/M9TqOd� M�¥6_b]9fbRJM�l:f�c7M�_m�Cl:M�O��Cl:M9N�NyM(T�PSn3\BM9N��7NyM.fb]�_gj&^3OURJf(H ��j&n8N�O<� M�¥Bk*]�fgRJM�n3T�M��6OJMW\B]�^:RU_m]�_gj/nS_mT�PSn3Ny_gj&nC_��BM�_�OJM
T�j&n8j&O;NyM�fbM9^*P/l3Tw�3j&nC_m�Cl3jSNyRJc7M�nC_mRUn8N¡_wj&nS_wj&n:]9c7M�nS_qj/k:fbe(N�OJMWk8j/NgNbj/Q/M.\BM�O�j7^:l:OJOUM��3O�j7c�PSnS_g]�M�M�n�k3fbM(NbNbRUPSn n!� j7k3j/N�OJRJM�l
�7_gM�c7k*]�fwj�_bl3fbMÂT�P/n3Ny_gj/nS_bM��8T9j&f¼M�OJOJMÂT�P/c7c7M�n3T�MÂjD��j/nS_q�Cl:MÂO<� ]9�Cl:RJOJRU^3fbM�j(�/M(TWO<� M�¥6_b]9fbRJM�l3f¼n:M�N9� ]�_gj&^3OUR�NbNbM/H��EM9OJj�M�¥Bk:OJRJ�Cl:M
T�M9NÂT�P/l3fb^*M(NW��O<� j/Nbk*M9T�_ÂT�PSn3T�jD�/M��!T9j&f�OJj�k*M�nC_bM�\BM�O�jxT�P/l3fb^*M�j&l�c7P/c7M�nC_Â\:MÄO�j�c7P/nS_g]�M�M�n�k:fgM9NgNbRUPSn�\:]�k*M�n3\ \BM�O�j
_bM�c7k*]9fgj&_bl:fgM��:\�� j&k:fge9N�Od� ](�Sl8j�_bRJPSn {:H X3H
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­%PSl:f�fgM�c7](\BRUM9f.�¦T�M�k:fgP/^:OJe�c7M������ j/RvT�j/OJT�l:OU]�OUM��/PSOUl:c7M7\BM�OJj Tg�3j/cÂ^:fbM�M�n¬O<� j&^3NbM�n8T�M�\BM�O�j�k3j/fy_gRUM�Nbl:k*]�fgRJM�l:fgM�\:l

N 	BN¡_ge�c7M7]�_bl8\BRU]x¹ ��� j/RvM�n3OUM9�/]7OUMÄNgj&^3OUM���Od� M9j&l�M�_�OUM�T 	6OURJn3\BfgM7M�n�k:OJM�¥BRJQ/O�j/N.�Cl:R Nyl:fgc7P/nS_wj&RU_.O�j�Tg�3j/cÂ^:fgM/H�%mOJP/fwN.�Cl:M7OJM
\:]�^:RU_yazc�e�_bfgM7NbP/l��Äj/R`_W\BM7Od� j/RUfW� \B]9^:RU_WcÄj/NgNyR��Cl:M�T�P/n3Ny_gj/nS_#� ��� j/Rv^*P/l3Tw�:]�OJM�_bfgP/l�j(�/M(TÂc7PSn�\BP/RJQ&_.k*M9n3\:j&nC_��Cl:M�O��Cl:M9N
NbM9T�P/n3\BM(N�_bP/l:_bM9N�OJM9NmT�RJn3��NbM9T�PSn3\BM(N��BM�n�fg]�k*]�_wj&nS_¼T�M9OJj�k*M9n3\:j&nC_ml:n:MWc7RJnClB_gM/H8K!M.¾)j&RU_¼\�� j�_y_gM�n3\:fbM�T�RJn3��NbM9T�PSn3\BM9N�M9nS_bfgM
\:M�lB¥�c7P/nS_g]�M(N�M�n k:fbM(NbNbRJP/n�k*M�fgc�M�_7\BM fg]�_gj/^:OJRUf�O<� ]9�Cl:RJOURJ^:fgM¦M�nS_gfbM OJjs_gM�c7k*]�fwj�_gl:fbM \BM O<� j&RJf�\3j&n3N�O�j¬Tg�8j&cÂ^:fgM�M�_7OJj
_gM�c7k*]�fwj�_gl:fbM j&cÂ^:R�j&nC_bM��9\BPSn3T®\BM fb](j&OJRJNbM�f;\BM9N;c�PSnS_g]�M9N;M�nWk:fgM9NgNbRUPSn.��_gM�c7k*]�fwj�_bl3fbM T�P/n8N¡_wj&nS_gM/H9K#j�T�P/l:fg^*MvfgM�k:fg]9NbM�nC_gj/nS_
O�j�k:fgM9NgNyRJP/n¦M9n¦¾�P/n8T _bRJP/nx\Bl¦_gM�c7k3N�M(N¡_mfbM9k:fgPB\Bl:RU_bMWNyl:f�O�j�Á3QSl:fbMW{:HJI/H

(�)+*-, {:HJI-.Ä�EP/l:fg^*M�\:Mmc�M(Nyl:fgMm\BlÄ�/PSOUl3c�M�¹STg�8j&cÂ^:fgM��6RJ\BM��&_bl 	Sj/lÄ\�� M�n6�6RUfgP/n
1m

\:MmOUPSn:QWM�_
3mm

\BMmfwj 	/P/n�RUnC_b]9fbRJM�l:f#�
\:]�^:RU_¼\BM

0, 8mg/s

�qn P/^3NbM�fg�/M��Cl:M�O�� �;O�jxc7P/nS_g]�M�M�n k3fbM(NbNbRUPSn�M9Ny_Â^:RJM�n�OURJn:](j&RJfbMSH!°®n�c7M(Nyl:fwj&nC_ÂOJjxk*M9nS_bM¦\:M�Tw�3j/�Cl:M�c7P/nC_b]�M�� ��� j&R
PS^B_bM9nCl �C\:j/n3N®OJM9NET�P/n8\BR`_gRUPSn3N \BMqT�M¼Q/fwj&k:�:M��&l:n��/P/OJl:c7M¼\BM

105cm3
HS­ P/l:fEc7PB\BRUÁ3M�f OJMm�/PSOUl3c�M¼\BM¼O�j�Tg�8j&cÂ^:fgM��/RJO*NylBÀ7_

\!� 	�RJnS_gfbP:\Bl:RJfbMW\BM(N�P/^ �¡M�_gN��:PSl �Bk*PSl:f�PS^B_bM9n:RUfml:n��/PSOUl:c7MWM�n3T�P/fgM�k:OJl3N�k*M�_bRU_��8\BMWfgM�c7k:OJRUfmOJjÄTg�3j/cÂ^:fgMW\�� M(j&l!H*�qn�k*M�lB_
j/l3NgNyR �¡P/l:M9fmNbl:f�OJj�OJP/n3Q/l:M9l:f�\Bl _gl 	Sj&l!H
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K!M�\B]�^3R`_�T�fbRU_bR��Cl:M�M(N¡_�\B]�Á3n3R%T�PSc�c7M�]�_gj/nS_qOUM�\B]�^3R`_�j/lBa¸\BM�O��Ä\Bl3�Cl:M9O#OUMÂfg]�Q/RJc7MWM(N¡_�T�PSnS_bRJnCl  )j/lB_bfgM�c7M9nS_�\BR`_#�*NbR;OJM

\B]�^:RU_.M9Ny_�RJnB¾�]�fgRJM�l:f.j/l�\:]�^:RU_WT�fgR`_gRJ�Cl:M��*OJM�fb]9Q/RJc7MÂM9Ny_.NbP/RU_�k*]�fgRUPB\:RJ�Cl:M��*NbP/RU_.Tg�3j/P&_gRJ�Cl:M " H*­%PSl:f�c7M9Nbl:fgM�f�T�M�\B]�^3R`_#� ��� j/R
¾)j&RU_.l:n�T�M�fb_gj/RUn¬n:P/cÂ^:fgM�\!� jST��Cl:R�NyRU_bRJP/n3N.\�� l3n:M�c7RJnClB_gMÄ�¦\:R ��]�fgM�nC_gNW\B]�^:RU_gN.k*P/l3f�l:n:M7��j/OUM9l:f.\BP/n3n:]�M7\Bl¬�SP/OJl:c7M/H�K!M
k:fbPSQ/fwj&c7c�MW�Cl:M���� j(��j/R�N�]9T�fbRU_mk*P/l:fmc7M9Nbl:fgM�f�O�j7k:fgM9NgNyRJP/n cÄj�¥BRJc7j/OUM�\BM�Tw�3jS�Sl3M.k:R�T.k*M9fbc7M�_y_gj/R`_q\BM�T9j&O�T�l:OJM�fmOJj7�&j&OJM�l:f
c�P�	/M9n:n:M.\BMq_gP/lB_gM9N�T�M9N�k:fbM(NbNbRJP/n3NEcÄj�¥BRJc7j/OUM(N  <j&k:k*M�OJ]�M

< ∆Pmax >
\:j&n8N�OJj�Nbl:RU_bM#"$�BM�_m\BM.c ��c7M�k*PSl:f�OUM(N�k:fgM9NgNyRJP/n8N

c�RJn:RJcÄj&OJM9N/ 
< ∆Pmin >

M9Ny_�OJj�c�P�	/M�n3n:M.\BM(N�k:fgM9NgNyRJP/n3N�c�M(Nyl3fb]9M9N �¡l3Ny_bM�j(�&j&nS_�O�j�c7PSnS_b]9MW\BMWTw�3j/�Cl:M�k:R�T�"�H3K;j��&j&OJM�l:f
c�P�	/M9n:n:M�\BM�O�jqk:fgM9NgNyRJP/n�Nyl3f O<� j/T9�Sl3RJNbR`_gRUPSn �Dn:P&_g]�M��

∆P � �Dk8M9lB_ ��_gfbM�\BPSn:n:]9M�\BRJfbM9T�_bM9c�M9nS_vk3j&f ·¸Q/PSf9HDK;M�Q/fwj&k:�3M PS^B_bM9nClk*P/l:f�l:n:M�Tw�3j&cÂ^:fgM�\BMÄ�/PSOUl3c�M
36cm3

�#jD�/M9TÄ\BM9N�Q/fwj&RJn3NW\BP/nC_�OJM�\BR�j&c7e�_bfgMÄNbM�NbR`_gl:M�M�nS_gfbM
75
M�_
150µm

�;k*P/l:f�l:n:M
�3j&lB_gM�l:fÂ\�� M9j/l�\BM

11cm
�!l:n:M��3j&lB_gM�l:fÂ\BM�Nbj/^:OUM�\BM

2, 5cm
M�_Âl:n�_gfbPSl�\BM�\BR�j&c7e�_gfbM

1mm
M9nS_bfgMÄOJjxTw�3j&cÂ^:fgM7M�_�OJM

Nbj/^:OUM.M(N¡_mfbM9k:fbP:\Bl:RU_�Nbl:f�O�j�Á3Q/l:fgMÂ}6HJI/H

(�) *-, }6HJI .su®�/P/OJlB_gRUPSn�\BM(N.k:fgM9NgNbRUPSn3N�c7P 	/M9n:n:M(N.M�n�¾�P/n3T�_bRJP/n \Bl \B]�^:RU_�¹
h = 11cm

�
s = 2, 5cm

�
37 < r < 75µm

�
d = 1mm

�
V = 36cm3

� ��� 	 ! 	 ��� � � ��	 �&	 ��
"!�
 
 �
	�� � � � �
Dc

�6l:f�T�M�QSfgj/k:�:M��!PSn P/^8NyM9fb�/M��Cl:M�O�js\BR ��]�fgM�n3T�M�\:M�k:fbM(NbNbRJP/n�c7P�	/M�n:n:M�M�nS_gfgM�O�jxk:fgM9NgNbRUPSn \:j&n8N�O�jsTw�3j&cÂ^3fbM�M�_�O�j
k:fbM(NbNbRJP/n�j�_bc7PCNyk:�3]�fgRJ�Cl:M

P0

\B]9T�fgP ��_�OURJn:]9j/RUfgM�c7M9nS_ �¡l3Nb�Cl!� � ��_gfgM�]9QSj/OUM��
< ∆Pmin >

H � k8M�_bRU_7\B]�^3R`_#�%Od� j/c�k3OURU_bl3\:M
\BM9N.�&j&fgRJj&_bRJP/n3N�\BMÄk:fbM(NbNbRJP/n�M(N¡_._gfbe(N.RUc7k*P/fb_gj/nS_gM��!T�MÄ�Cl:R®T�P/fgfbM(Nyk*P/n3\�� l:n�fg]�QSRUc7M�k*]�fgRJPB\BR��Sl3M ¹�OJMÄT�j&n8j&OvNbM7^:OUP:�Cl:M
¾�fb](�Sl3M�c7c7M�nS_#�8M�c7k �9Tw�3j&nC_¼Od� j/RUfq\BMÂ�Cl:RU_y_gM�fqOJj�Tg�8j&cÂ^:fgM��8T�MÂ�Cl:R#k:fgPD�/PB�Cl:M�\BM�Q/fgPSNgNbM9N�c�PSnS_g]�M9NmM9nxk:fgM9NgNyRJP/n!H � \B]9^:R`_
]�OJM��/]��6O<� j&c7k:OJR`_gl3\BM.\BM9N�PSNgT�RJOUO�j�_gRUPSn3N®M(N¡_�_bfge9N ¾)j&RJ^:OJM/H:�EM9OJj�T�PSfbfgM9Nbk*P/n3\Ä�Âl:n�fg]�QSRUc7MqT�P/nS_gRUn6l �6P�%�OUM�T9j&n3j/O8n:M.NyMq^*P/l8Tg�:M
�yj&cÄj&R�N��%M�_�P�%�Od� j/RUf��Cl:RU_y_gM¦O�j�Tw�3j&cÂ^3fbM¦T�P/nS_gRUn �:c7M�nC_9H �EM�O�jsk*M�l:_ ��_gfbM¦P/^3NbM�fg�/]�Nbl:f�OJM9NÂÁ3QSl:fbM(N7}6HZY �v}6H GsM�_�}BH X �%�Cl:R
T�P/fgfgM9Nbk*P/n3\BM�nC_���_bfgP/R�N�\:M9Nmj/T��Cl:R�NbR`_gRUPSn3N��Cl:M ��� j&R�¾)j/R`_gM9N�k*P/l:f�_bfwj/T�M�f�T�M�_b_bM�T�PSl:fb^*MSH
K;j�T�P/l:fg^*MEfgM�k:fg]9NbM�nC_gj&nC_%O�jqk:fbM(NbNbRJP/nÂc�P�	/M9n:n:M�M�n�¾ PSn3T _gRUPSn�\Bl7\B]�^:RU_vM(N¡_®T�P/n8N¡_gR`_gl:]�\BM�\BM�l:¥Â\:fbPSR`_gM9N�¹DOd� l:n:M�\B]9T�fbP �J_#�

k*M�n3\:j/nS_ �Cl:MEOd� j/lB_bfgM M(N¡_%l:n:M�\BfbPSR`_gM �:PSfbR ��PSnS_wj&OJM/H9K;ME\:]�^:RU_ T�fbRU_bR��Cl:M
Dc

M9Ny_ j&OJP/fwN;\B]�Á3n:RBT�P/c7c7MEOUM�\B]9^:R`_vT�PSfbfgM9Nbk*P/n3\:j&nC_
��O<� RJnS_bM9fgNbM9T�_bRJP/n�\BM�T�M9Nm\BM�lB¥ \:fbPSR`_gM9N9H �Bl:f�OJM.QSfgj/k:�:M��BP/n OJR`_

Dc = 0, 9± 0, 1cm
3/s
H

I(G



(�)+*-, }6HZY .¦u®�/P/OJlB_gRUPSnx\BM�O�jÄk:fbM(NbNbRUPSn M�n�¾�PSn3T _gRUPSnx\Bl�_gM�c7k3Nq��¾)j&RJ^:OJMÂ\B]�^:RU_  )OJM�fb]9Q/RJc7M.M(N¡_¼k*]�fgRJPB\BR��Sl3M#"�¹
h = 11cm

�
s = 2, 5cm

�
37 < r < 75µm

�
d = 1mm

�
V = 36cm3

�
D = 0, 6mg/s

(�)+*-, }6H G .¦u®�/P/OJlB_bRJP/ns\BM�O�j7k:fgM9NgNyRJP/n M9n ¾�PSn3T _gRUPSnx\Bl�_gM�c7k3N¼��\B]�^:RU_¼c7P�	/M�n� )OUM�fg]�QSRUc7MWM9Ny_¼Tw�3j/P&_bR��Cl:M#".¹
h = 11cm

�
s = 2, 5cm

�
37 < r < 75µm

�
d = 1mm

�
V = 36cm3

�
D = 0, 8mg/s

(�)+*-, }6H X
.¬u �/P/OJlB_bRJP/n�\BM�O�jsk:fbM(NbNbRJP/n�M9n ¾�P/n3T�_bRJP/n�\Bl _gM�c7k3N��s\B]9^:RU_�]9OUM9�/]  )OUM¦fb]9Q/RJc7M�M9Ny_�T�P/nC_bRJnCl "�¹
h = 11cm

�
s = 2, 5cm

�
37 < r < 75µm

�
d = 1mm

�
V = 36cm3

�
D = 1, 6mg/s

I�X



� ��� ���	��

� �

� ��� � � ��� ����� ���±��� � �

K!M�_bfwj/T�]�\Bl�\BR�j&Q/fwj&c7c7MÂfbM9k:fb](NyM9nS_wj&nS_�OUM(N�\BP/cÄj/RUn:M(Nq\:M9N�fb]9Q/RJc�M(N¼k*]�fgRJPB\BRJ�Cl:M�M�_WT�PSnS_gRUn6l¬\:j/n3NqOd� M(Nyk3jST�M  
D
�
V
"

\BP/RU_ ��_gfbMWfg]9j&OJR�Ny].k*P/RJnS_mk8j&f�k*PSRUnC_��8Tg�3jS�Cl:M.k*PSRUnC_¼T�PSfbfgM9Nbk*P/n3\:j&nC_��7l:n:M�Nb]�fgRUMW\:M�T�PSn3\BRU_bRJP/n3N  )�
r
\:P/n:n:]��:RJO�¾)j&l:_�¾)j/RUfgM

l:n:M�Ny]9fbRJM.\:M.c7M9Nbl:fgM9N�k*P/l:fm\BR ��]�fgM�nS_gM9N���j/OUM9l:fwN�\Bl �SP/OJl:c7M��:Tw�3j/�Cl:M.c7M9Nbl:fgMWT�P/fgfgM9Nbk*P&n8\:j&nS_���l:nx\B]�^3R`_¼\:P/n:n:] " H � � j/R
_bfwj/T�]�T�M7\BR�j&Q/fwj&c7c7M�\:j&n3N�OUM7T�jSN

h = 11cm
�
s = 2, 5cm

�
d = 1mm

H � � j&R#¾)j&RU_W\BM9N�c7M9Nbl:fbM(Nqk*P/l:f.\BR �*]9fbM9nS_bM(Nq_gj/RUOJOUM
\BM.QSfgj/RUn3N�M�_ ��� M�nxj&R�¾)j/R`_ml:n:M�Nb]�fgRUMWj&l3NgNyR�M�n�fgj �¡P/l:_gj&nC_�\:l�Ngj(�/PSn¦\:j/n3N�Od� M(j&l k*P/l:f��/PSRUf�Od� RUnB¿8l:M�n3T�M�\BM.O�j�k:fb](NyM9n3T�MW\Bl
NbjD�/P/n;H

� ��� � ��� �,����� � 
�
 �
K!M�\BR�j&Q/fwj&c7c7M�M9Ny_�fgM�k:fg]9NbM�nC_b].Nbl:f�O�j�Á3QSl:fbMW�:HJI/H

(�) *-, �:HJI . �¼R�j&QSfgj/c�c7MWfbM9k:fb](NyM9nS_gj/nS_mOJM9N¼\BP/cÄj/RUn:M(Nm\BM(Nmfb]9Q/RJc�M(NmT�P/nC_bRJnClxM�_¼k*]�fgRUP:\BRJ�Cl:M��:k*P/l:fq\BR �*]9fbM9nS_bM(N�_wj&RJOUOJM9N¼\BM
Q/fwj&RJn3N�M�_¼\BR �*]9fbM9nS_gM9N�n3j�_gl:fgM9N�\BM�¿8l:RJ\:M9N

�qnÄP/^3NbM�fg�/Mm�Sl3M¼\:j&n8N®O<� M9Nbk3j/T�M  
D
�
V
" �SOJM9N \:P/cÄj&RJn:M9N \�� M�¥BR�N¡_gM�n3T�M¼\BM9N®fg]�QSRUc7M(N®NyPSnS_ENb]�k3j/fb](N k8j&f®l3n:M¼\:fbPSR`_gM��S\BP/nC_

OJj�k*M9nS_gMWT�fbP �J_mjD�/M9T�OJj�_wj&RJOJOUMW\:M9N�Q/fwj&RJn3N�H
� ��� 	 ! 	 ��� � � ��	 �&	 ��
"! � � � �
	���� ��� � �
	
�������! � - � �32 
�- � #&%(' 	6- - ' 
�- 
�- 2 � - %('*- 
�- �;) �358- 2 2 :;#(%
K!M�QSfgj/k:�:M�\BM�O�j�Á8Q/l:fgM��:HZY�c7P/nC_bfgM l3n ��P6PSc Nbl:fÄOJj¬Á3QSl:fbM�ISHJI/H �6l3f�T�M�Q/fwj&k3�:M�� PSn P/^8NyM9fb�/M l:n:M�c7PSnS_b]9M�M�n

k:fbM(NbNbRJP/n �/T�PSfbfgM9Nbk*P/n3\:j&nC_®j&l7c7P/c7M�nC_ P�%ÄO<� j&RJf®M�nC_bfgMm\:j/n3NvO�jWTw�3j&cÂ^3fbM�cÄj&R�NvfgM9Ny_bMmT�P/nBÁ3n3]m�.Od� RUnC_b]�fgRJM�l:f(HC�EM�_y_gMmc7P/nS_g]�M
M�nsk3fbM(NbNbRUPSns\Bl:fgMÂl:n¬T�M�fb_gj/RUnx_bM9c�k8N

ta
H*°®n3Nbl:R`_gM���OJj�^3l:OUOJM�M9Ny_q]9c�R�NbM��*M�_�OJj�^3j/R�NbNbMÂ\BM�O�j�k:fbM(NbNbRJP/ns�Cl:R#Od� j/T�T�P/c7k3j/Q/n:M

IDi



(�)+*-, �:HZY .��sP/nS_g]�MxM�n�k:fgM9NbNbRJP/n©Nbl:RJ�CRJMx\:M�Od� ]�c7RJNgNbRUPSn�\�� l:n3Mx^:l:OJOUM�¹
h = 11cm

�
s = 2, 5cm

�
37 < r < 75µm

�
d = 1mm

�
V = 105cm3

�
D = 0, 8mg/s

N9� ]�_bM9n3\ Nbl:f�l3n¦_bM9c�k8N
tb
H*�EM�_b_bMW^3j&R�NbNbM.\BM.k3fbM(NbNbRUPSn�M(N¡_�RJc7c�](\BR�j�_bM9c7M�nS_¼Nbl:RJ�6RUMW\�� l:n:MWn:P/l:�/M9OUOJM.c�PSnS_g]�M.M�n k3fbM(NbNbRUPSn �

T�M��Cl:R c7P/nC_bfgM��Cl:M�OJM7T�j&n8j&O NyM�fbM9^*P/l3Tw�:M�M�¥:j/T�_bM�c7M9nS_Wj&l�c7P/c7M�nC_.P�%�O�j�k*M�nC_bM7\BM�O�j¦T�PSl:fg^*M�Tw�3j&n3Q/M/H�K;MÂ_gM�c7k3N
tbT�P/fgfbM(Nyk*P/n3\¦\BP/n3TWj&l¦_bM9c7k3Nm�Cl!� RUO�¾)j&l:_mj/l�T�j/n3j&O�k*P/l:fmNbM.fgM�^*P/l8Tg�:M9f9H

�6R
tb < ta

�%OJM¦fg]�Q/RJc7M�M9Ny_�k*]�fgRJPB\BR��Sl3M��%T9j&f�OJM T�j/n3j&O�jsOJM�_gM�c7k3N7\BM NbM¦fbM9^*P/l3Tw�:M�f�jD��j&nC_��Cl:M¦O�jsk3fbM(NbNbRUPSn�\:j/n3N
O�j�Tw�3j/cÂ^:fbM j�_y_gM�RJQ/n:M¦OJj���j/OUM9l:f�NyM9l:RJO<H �BR

tb > ta
�%OJM�fg]�QSRUc7M�M(N¡_7T�PSnS_gRUn6l!H K;M \B]�^:RU_ÄT�fbRU_gRJ�Cl:M

Dc

T�P/fgfbM(Nyk*P/n3\ \BPSn3T
M�¥:j/T _gM�c7M�nC_mj&l�\:]�^:RU_�_bM9O;�Cl:M

tb = ta
H

��������� � - � �32 
�-�� -65 � - '���58-�
�� � )�%�) �
�qn�k*M�lB_Ä\B]�Á3n:RJf

τ = V

Dc

� �Cl:R�M9Ny_�OJM�_gM�c7k3N�n:]9T�M9NgNbj/RUfgM�k*PSl:f7\BP/l:^3OUM9f�O�j�k:fgM9NgNyRJP/n�\:j&n8N�OJj¬Tw�3j&cÂ^:fgM j&l \B]�^:RU_
T�fbRU_bR��Cl:M/H

τ
�&j&lB_�k3j/f�M�¥BM9c�k3OUM

23s
k*PSl:fm\BM9N�Q/fwj&RJn3N�\BPSnS_mOUM(N�fgj 	/PSn3N�NbM.fb]9k3j&fb_bR�NbNbM�nC_�M9nS_gfbM

100
M�_
125µm

H*�EM�_bM9c�k8N
T9j&fwj/T _g]�fgR�N¡_bR��Cl:MqM(N¡_mfbM9k:fb](NyM9nS_g].Nbl:f�OJj�Á8Q/l:fgM.�3H G3H

(�)+*-, �:H G .��¼R�j&QSfgj/c7c�M�fbM9k:fg]9NbM�nS_wj&nC_mOJM�_bM9c�k3N�T�j/fgjST _b]9fbR�N¡_gRJ�Cl:M�\BMÂc7PSnS_b]9MÂM�nsk:fbM(NbNbRJP/n �3k*P/l:f�\BR �*]9fbM�nC_bM(Nm_gj/RUOJOJM9N¼\:M
QSfgj/RUn8NEM�_¼\BR ��]�fgM�nC_bM(N�n8j�_bl3fbM(N�\:M�¿3l:R�\BM(N

�qn��/]�fgRUÁ3M�\B] �y���Cl:M.T�Mq_bM9c�k8N
τ
n:M.\B]9k*M�n3\�k3jSN�\Bl¦�/PSOUl3c�M.\BM�OJj�Tg�3j/cÂ^:fgM��Ck:l3RJNg�Cl:M�OUM(N�T�P/l:fg^*M9NEOUM�fgM�k:fg]9NbM�nC_gj&nC_

\3j&n3N�Od� M(Nyk3jST�M  
τ
�
V
"Ek*P/l:f�\BR �*]9fbM9nS_gM9NE_wj&RJOUOJM9N�\BM.Q/fwj&RJn3NENbP/nC_�\BM(N�\BfgP/RU_bM(NE�:PSfbR ��PSnS_gj/OUM(N�HC­ j&f�j/RUOJOJM�l:fwN��CPSn�PS^3NyM9fb�/M��Cl:M

I9{



τ
\B]�k*M�n8\�¾�PSfy_gM�c7M�nC_m\BMWOJj�_wj&RJOUOJMW\BM(N�Q/fwj&RJn3N9H �Bl:f�O�j7T�P/l3fb^*MW\BM.O�j�Á3Q/l:fgM.�3H X �6PSn �/P/RU_m�Sl3M

τ
NyM9cÂ^:OUMWk:fbPSk*P/fb_bRJP/n:n3M�O��

1

r2

HB�EM9k*M�n3\:j/nS_��CRJO3¾)j/l3\Bfwj&RU_®¾)j/RUfgMmk3OUl3N�\BM¼c7M(Nyl:fgM9N k*P/l:f�N�� M�n�jSNbNbl:fgM�f(HC�qn�k*M�lB_E_�
STg�3M�fE\:M¼c7M9Nbl:fgM�f OJMm_bM9c�k8NE�Cl:M¼c7M�_

(�)+*-, �3H X .
τ
M�n¦¾�PSn3T _gRUPSn�\BM

1

r2

OUMWT�j&n8j&O���NbM�fbM9^*P/l3Tw�:M�f(H %¼l \B]9^:R`_mT�fbRU_gRJ�Cl:M��6OUM�_bM�c7k3N�\BM.c7P/nS_g]�M.\:M�O�jÂk3fbM(NbNbRUPSn�M(N¡_�]�QSj/O�j/l�_gM�c7k3N�\BMW\BM9NgT�M�nC_bMSH3�EM
_bM�c7k3N¼\BM.c7P/nC_b]9M

ta
��j&lB_mk3j&fmj&RJOJOUM9l:fgN

ta =
Pmax − Pmin

P0

.τ
 )�:HJI#"

T�j&f
τ
M9Ny_�OJM._bM9c7k3N�n:](T�M9NgNgj&RJfbM�k*P/l3fm\BP/l3^:OUM9f�O�j�k:fgM9NgNbRUPSn \:j&n3N�O�j7Tw�3j&cÂ^:fgM��3T&� M9Ny_ya¸��a¸\BRUfgM�k*P/l:fmOJj�¾)j&RJfbMWj/l:Q/c7M9nS_bM9fm\BM

OJj��&j&OJM�l:fm\BMWOJj�k:fgM9NgNyRJP/n j&_bc7PSNbk:�:]9fbR��Cl:M
P0

HB­vj&f¼T�P/n3Nb]9�Cl:M9nS_#�BOUM._bM9c7k3N
tb
\BM�\BM9NgT�M9nS_bM��3j&l�\B]9^:R`_¼T�fbRU_gRJ�Cl:M��B��j/lB_

tb = ta =
Pmax − Pmin

P0

.τ
 )�:HZY�"

�qf��:\�� j&k:fge9N�Od� ](�Sl8j�_bRJP/n�\BM�K;j/k:OJjST�M��
Pmax − Pmin =

2γ

R

 )�3H G "
P�%

R
M9Ny_�OJM.fwj 	/P/n¦\BM�T�PSl:fb^3l:fbM.\BM(N�^:l:OJOJM9N��:NbP/RU_

R = 0, 4r
 )k3j&QSM�I(§�" HB­vj&fmT�PSn3Ny](�Cl:M�nC_��

tb
NbM�fwj&RU_�k:fgP/k*P/_bRJP/n:n3M�O��

1

r3

H
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­ P/l:f�M9NgNbj 	/M�f�\BM.�/P/RJf�NbR�OUMWT�PBM�À�T�RJM�nC_�\BM�_bM9n3NbRUPSn Nyl3k8M9fyÁ*T�RJM�OJOUM.\Bl OJRJ�Cl:R�\BMWjD��j&RU_�l:n:M.RJnB¿3l:M�n8T�M�� ��� j/R�¾)j&RU_�l:n:MWNb]�fgRUM

\BM�c7M(Nyl:fgM9NÂM�n�fwj �¡P/lB_wj&nC_�\Bl Ngj(�/PSn  ��¼°������ "�\:j&n3NÂOd� M9j&l;Hv�EM�_b_bM Ny]9fbRJM�\:M�c7M9Nbl:fgM9NÂjs]�_b]�¾)j&RU_bM¦jD�/M9T
h = 11cm

�
s = 2, 5cm

�
100 < r < 125µm

�
d = 1mm

H!K;j T�PSl:fb^*M�fbM9k:fb](NyM9nS_wj&nS_�O�j�¾�fbPSnS_gRUe9fbM�M9nS_gfbM�OJM9N�fg]�QSRUc7M9N�k8]9fbRJPB\BR��Cl:M�M�_
T�P/nC_bRJnCl�M9Ny_qfgM�k3fb](NyM9nS_b]9MÂNbl:fqOJj�Á3Q/l:fgM��:HJI/H��qnsP/^3NbM�fg�/MÂ�Cl:M�T�M�_b_bM�T�PSl:fb^*MÂM9Ny_.�Sl8j/NbRUc7M�nC_qR�\BM�nS_gR��Sl3M���T�M�OJOJMÂPS^B_bM9nCl:M
M�n�Od� j&^3NbM�n3T�Mx\BM�NbjD�/P/n;H®K;j�c ��c7MxPS^3NyM9fb�&j�_gRUP/n k*M9lB_ ��_gfbM�¾)j&RU_gMsNbl:f�OJj T�PSl:fg^*M�fgM�k:fg]9NbM�nS_wj&nC_

τ
Nyl:f�O�j�Á3Q/l:fgMx�3H G3H

�EM�k*M�n8\:j&nC_��8OUM(N¼T�P/l:fg^*M9NmfbM�k3fb](NyM9nS_gj/nS_¼O<� ]��/PSOUlB_gRUPSns\BM�O�jÄk:fgM9NgNyRJP/n�M�nx¾�P/n3T�_bRJP/ns\:l�_gM�c7k3N¼]�_wj&RJM�nC_¼k*M9ls\BR �*]9fbM9nS_gM9Nq\BM
T�M�OJOJM9NvP/^:_bM�n6l:M9N®Ngj&n8NvNbjD�/PSn �&j&OJP/fwN �Cl!� P/nÄNyMmNbM�fwj&RU_®j�_y_gM�n3\Bl��WT�Mm�Cl:M�O�j.\BR ��]�fgM�n3T�Mm\:M�k:fgM9NgNyRJP/n�P/^B_gM�nCl3MmNyPSR`_®^*M9j/l3T�PSl:k
k:OUl8Nm¾)j&RJ^:OJM��*OUM�T�P6M�À�T�RUM9nS_�\BM�_gM�n3NbRUPSnsNbl:k*M�fbÁ8T�RUM9OUOJM�]�_gj&nC_¼¾�PSfy_gM�c7M�nC_�j&^3j/RJNgNb]Wk3j/f¼OJj�k:fg]9NbM�n3T�MÂ\BM�Ngj(�SP/n!H��qnsn:MÂk*M�lB_
\BP/n3T¼k3j/NE�Cfwj&RJc7M�nC_ _bRJfbM9f�\BMqT�P/n3T�OUl8NyRJP/n3NENyl3f�T�Mqk*P/RJnS_(H � M¼n;� jD��j/RJN k:fbPS^3j&^:OJM�c7M9nS_Ek3jSN c7RJN�jSNbNbM �¼\:MqNgjD�/P/n�\:j&n8N Od� M(j&l!H
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°®nsP/^3NbM�fg��j/nS_m\BM(N¼NbRUQSn3j&lB¥�T�P/c7c7MÂT�M�OJl:R%\BM�O�j�Á8Q/l:fgM�£:HJI��3P/nxk*M�lB_�NbM�\BM9cÄj&n3\BM9f¼N9� RUO;n;� 	�j7k8j/N¼\BM9N¼T�P/fgfb]9OJj&_bRJP/n3N
M9nS_gfbM�^:l:OJOJM9N�Nbl3T9T�M9NgNyRJ�/M(N�H8°®n¬M$��M�_#��Nyl3f�T�M�Q/fwj&k:�:M��8P/n�P/^3NbM�fg�/MÂT�OJj/RUfgM�c7M9nS_��Cl:M�k3fbM(Nb�Cl:M�_gP/l �¡PSl:fwN��*l:n:M�QSfbPCNbNbM�^:l:OJOUM

(�)+*-, £:HJI .xu �/P/OJlB_bRJP/n�\BM7O�j k:fbM(NbNbRJP/n�M9n¬¾�P/n3T�_bRJP/n�\Bl¬_gM�c7k3NÄ¹
h = 2, 6cm

�
s = 1, 5cm

�
d = 2mm

�
V = 119cm3

�
100 < r < 125µm

�
D = 0, 8mg/s

M(N¡_WNbl:RJ�6RUM7\�� l:n:M7k8M�_bRU_bM7M�_WRUn6�/M�fwNyM9c7M�nS_#��T�M7�Cl:M�O<� P/n¬�/P/RU_.^:RUM9n�Nbl:f�O�j�Á8Q/l:fgM�£:HZYs¹;�EM9OJj¦k*M�lB_Wk3j&fwj���_gfbMÂOJP/QSRJ�Cl:M¦¹�M9n

(�)+*-, £:HZY .�­®fgM9NgNyRJP/nÄcÄj�¥BRJcÄj&OJM¼\�� l:n�k3RJT¼M�nÄ¾�PSn3T _gRUPSn�\:M¼O�jWk:fgM9NgNbRUPSn7cÄj�¥BRJcÄj&OJM¼\Bl�k:fb](T�]9\:M�nS_#�C\:j/n3N OUM�T�j/NE\Bl�QSfgj/k:�:M
T�R`a¸\BM9NgNbl3N�H

M��*M�_��;l:n:M�Q/fgPSNgNyM�^:l:OJOUMÄ¾�fgj/Q/RJOUR�NbM�^*M9j/l3T�PSl:k�O�j�T�P/l3Tw�:MÄ\:M�Nbj/^:OUM���M�_ÂT�M9OUOJM�a¸T�R®fgM�_bRJM�nC_�c7P/RJn3NW^:RJM�n�Od� j/RUf#�!\BPSn3T7OJj�^:l:OJOUM
Nbl:RJ��j&nC_bM�T�P/nS_gRUM9n3\Bfwj�c7P/RJn3Nm\!� j/RUf#�:k:l:R�Nb�Cl!� M�OJOJM�j&l3fgj�c7R�N�c7P/RJn3Nm\:M._gM�c7k3N¼�ÄNbP/fb_bRJf9H8�EM9k*M�n3\:j/nS_#�3M�n _gfgj�&�j/nS_�OJM�c �9c7M
QSfgj/k:�:Mq\:j&n8N�\�� j/lB_bfgM9N�T�PSn3\BRU_bRJP/n3N��CP�%�OJM9N�NbRUQSn3j&lB¥�NyPSnS_�c7P/RJn3NEn:M�_gN����¡M�n:M.Nyl3RJNEk3jSN�j&fgfbRJ�/]¼�ÂOd� RJnS_gM�fgk:fb]�_bM9f  �Á3Q/l:fgM9N�£:H G
M�_¼£:H X " H

I9�



(�) *-, £:H G�.�u �/P/OJlB_bRJP/n�\BM�OJj�k3fbM(NbNbRUPSn�M�n�¾�P/n3T�_bRJP/n \Bl�_gM�c7k3N�¹
h = 11cm

�
s = 2, 5cm

�
d = 1mm

�
V = 105cm3

�
37 < r < 75µm

�
D = 0, 8mg/s

(�) *-, £3H X/.�­®fgM9NgNbRUPSnÄc7j&¥BRUcÄj&OJM¼\�� l:n�k:R�TmM�n�¾�P/n3T _gRJP/n�\BM¼O�j�k:fbM(NbNbRJP/nÄc7j&¥BRUcÄj/OUM¼\Bl�k:fg]9T�](\BM�nC_��6\:j&n3N OJMqT�jSN \Bl�Q/fwj&k:�3M
T�RUaz\BM(NbNbl3N9H

I(£
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K!PSfgNÄ\BMsT�MxNy_gj/Q/M��	��� j&RmPS^B_bM9nCl�l:nVT�M9fy_wj&RJn n:PScÂ^:fgMx\BMxfb](Nyl:OU_gj&_gNÄNbl:fÄOJMxk3j/NgNbj/Q/M�\BM�Od� j&RJf��¬_bfwjD�/M�fwN�l3n©c7RJOJRUM9l
QSfgj/nCl:O�j&RJfbMqRJc7c7M�fgQ/]7¹
.���j&n8NqOJM7\BR�Nyk*PCNyRU_bRU¾E\B](T�fgR`_WNbl:f�O�j�Á3QSl:fbM7Y:HUI��*O<� j&RJf�n:M�k3j/NgNbMÂk8j/N�\BM�O�j¦Tw�3j&cÂ^3fbM���Od� M9j&l¬M�n�NyPSl:OUM9��j/nS_�OUM7Ngj&^:OJM��
cÄj/RJN k3jSNbNbM�M�nC_bfgM�OJM9NvQ/fwj&RJn3N%\BMmNbj/^:OJM���]9�Cl:RJ��j&OJM�nC_gNv�ql:nÄT�j/k:RUOJO�j&RJfbMSHDK;M�fgj 	/P/n�\BM�Od� RJnS_gM�fb¾)j/T�M�j/RUfbadM(j&l�\:j/n3NvT�M�OJl:RUazT�R
�&j&lB_qM9nC�6RJfbPSn

0, 4
¾�PSRJNqOUM�fgj 	/P/nx\:M9N¼^3RUOJOJM9N�H %ml�c7P/c7M�nC_.\Blsk:fgM�c7RJM�fqk3j/NgNgj&Q/M��:Od� j/RUf�T�fgM�l3NbM�l3n�T�j/n3j&O%�Ä_bfwj(�/M9fgN

OJMWNgj&^3OUM��:T�j/n3j&O!N¡_wj&^:OJMW�Cl:R!n:M.¾)j&RU_¼�Sl3MWNyMWfbM9^*P/l3Tw�:M�f�j/k:fge9N�OJMWk3j/NgNbj/Q/M�\!� l:n:MW^3l:OUOJM/H
.VK;P/fwNb�Cl:MÄOJM�\B]9^:R`_�j/l:Q/c7M�nC_bM��;O�j��&j&OJM�l:fÂc�P�	/M�n3n:M�\BM�O�jxk:fgM9NgNyRJP/n j&l�T�PSl:fwN�\Bl _bM�c7k3N�\BRJc7RUn6l:M�OJRUn3]9j&RJfgM�c7M�nS_#�
jD��j/nS_Ä\BMsN¡_wj&Q/n3M�f7��l:n:Mx��j&OJM�l:f7k3fbPBTw�:M�\BM�O�j¬c7P�	/M�n:n3M�\BM(N7k:fgM9NgNyRJP/n3N�c�RJn:RJcÄj&OJM9N9Hv­ j/fÄ\B]�Á3n:RU_bRJP/n �®OJMx\B]�^:RU_
T�fbRU_bR��Cl:M.M9Ny_�OJMW\B]�^3R`_¼T�P/fgfbM9Nbk*P/n3\:j/nS_���O�j�_bfwj&n3NbR`_gRUPSn¦M�nC_bfgMWT�M9N�\:M�lB¥ T�PSc�k*PSfy_gM�c7M�nC_gN�\BM.O�j�k3fbM(NbNbRUPSn�c7P�	/M�n:n3M/H

.VK;P/fwNb�Cl:M�O<� P/nx_gfgjST�M��8k*P/l:f�\BR �*]9fbM9nS_bM(Nm_wj&RJOUOJM9Nq\BMÂQSfgj/RUn8N��3OJM�\B]�^:RU_.T�fgR`_gR��Sl3M
Dc

M�ns¾�P/n3T _gRJP/n�\Bls�/PSOUl3c�M
V
\BM�OJj

Tw�3j/cÂ^:fbM��3P/nsP/^3NbM�fg�/M��Sl3MÂT�MÂ\B]9^:RU_�T�fgRU_bR��Sl3MÂT�fgP ��_¼OURJn:](j&RJfbM9c�M9nS_qjD�/M9TWOJMÂ�/P/OJl:c7M/H8K;MW_gM�c7k3NqT9j&fwj/T�_b]�fgR�N¡_bR��Cl:M
τ
�

�&j&O�j&nC_�_ 	Ck3RJ�Cl:M9c�M9nS_¼�Cl:M�O��Cl:M9N�\:R �(j&RJn:M9N�\BMWNbM9T�P/n3\BM(N��B]�QCj&O��
V

Dc

�:M�_¼�Cl:R!T�P/fgfbM(Nyk*P/n3\¦j&l¦_bM�c7k3Nm\BM�\BP/l:^3OUM9c�M9nS_
\:M.OJj�k:fgM9NgNyRJP/n \:j&n3N�O�j�Tw�3j&cÂ^:fgM.j/l \B]9^:R`_¼T�fgRU_bR��Sl3M��BM9Ny_�k:fgP/k*P/fb_bRJP/n3n:M�O��

1

r2

H:K!M�_gM�c7k3Nm\BM�¾�M�fgc7M�_bl3fbMW\Bl�T9j&n3j/O
j/k:fge9N�Od� ]�c7RJNgNbRUPSn \�� l:n:MW^:l3OUOJMWM9Ny_�k:fgP/k*PSfy_gRUPSn:n:M9O��

1

r3

H
.VK#j�n3j&_bl:fgM�\:l�¿3l:R�\BM7j¦�6fgj/RJNbM�cÂ^:O�j&^3OUM9c�M9nS_�l:n:M7RUnB¿8l:M�n3T�M7Nbl:f.OUM7\B]9^:RU_WT�fbRU_bR��Cl:M/H;�EM�k*M9n3\:j/nS_���OUM(N�M�¥Bk*]�fgRJM�n3T�M(N
�Cl:M ��� j&RBfg]9j&OJR�Ny]9M9N#M�n�c7PB\BRUÁ8j&nC_vOJj¼_gM�n3NbRJP/n�Nbl:k*M9fyÁ8T�RUM9OUOJM�M�n�fwj �¸PSlB_gj/nS_v\Bl7NgjD�/P/n�\:j/n3N%Od� M9j&l�n:M�c � P/nC_vk3j/N k*M�fgc�R�N
\:MWT�P/n3T�OUl:fgM.�Cl3j/nS_¼��O<� RUn:¿3l:M�n3T�M�Nyl3f

Dc

\BMWOJj�_gM�n3NbRJP/n�Nbl:k*M�fbÁ8T�RJM�OJOJM.\:l OJR��Sl3RJ\BMSH
. � � j&R#M9NgNgj
	/]Â\:MÂ�/PSRUf�N9� RJO 	xj(�&j&RU_q\:M9N�T�P/fgfg]�O�j�_bRJP/n3NmM�nS_gfbM�]�c7R�NbNbRJP/n3Nq\BM�^:l:OJOUM(N�Nyl8T�T�M(NbNbRJ�/M9N��3cÄj&R�N¼O���n:P/n�k:OJl3N����¡M
n;� j/R�k3jSN�P/^B_gM�nClx\BMWfb](Nyl3O`_wj�_gN�k:fgP/^3j/nS_wN�H

·¸O!fgM9Ny_bM9fgj/R`_���]�_bl3\BRJM�fmOd� RJnB¿3l:M9n3T�M�\BMWO�j��6RJNgT�PCNyRU_b]W\Bl¦¿8l:RJ\:M�Nyl:fmT�MWN 	BN¡_ge�c7M/H

Y&§
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��j&n3N�\BM(Nq]�_bl8\BM9Nqk3fb](T�]9\BM9nS_gM9N��8RJO j�]�_b]�PS^3NyM9fb�/]Â�Cl!� jD��j&nC_qOUM�k3jSNbNgj&QSM�\:M�OJj�k:fbM9c�RJe�fgMÂ^:l:OJOUM��*Od� j&RJf�T�fgM�l3NbM�\:j&n3NqO�j
T�P/l8Tg�:M�\BM�Ngj&^3OUMql:n¦T9j&n3j/O*Ny_gj&^3OUM��6�Sl3R*fgM9Ny_bMqk:fb](NyM9nS_�j&k:fge9N OJMqk3jSNbNgj&QSM¼\BMqO�j�^3l:OUOJM/H3�qn�k*M�lB_�T�P/n3Ny_bfgl:RJfbM¼l:n¦N 	BN¡_ge�c7M��
\BM�lB¥s\BRJc7M�n3NbRJP/n3N��*T�PSn3N¡_gR`_gl:]�\BM�\BM�l:¥�k:O�j/�Cl:M(N¼\:MÂk:OJM�¥BRJQ/O�j/N¼Nb]�k3j/fb]9M9Nmk3j&fql:n:MÂ_bfge9Nm¾)j&RJ^:OJM�\BR�N¡_wj&n3T�M��8M9nS_gfbMÂOJM9Ng�Cl:M�OJOUM(N
NyPSnS_�RJnS_gfbPB\:l:R`_wN�\:l�Ngj&^:OJM.M�_¼\BMWO<� M9j/l �:T�P/c7c7MWNbl:f�OJj�Á3Q/l:fgM&%ÂHUISH

( )+*-, %�HJI .��¼R�Nbk*PSNbR`_gR`¾v�7\BM�l:¥ \BRUc7M�n8NyRJP/n3N

�qM�Od� j&RJf%M9Ny_ RUnC_bfgPB\Bl:RU_ k3j/f%l:n�k*M�_bRU_ _bfgP/l�NyRU_bl:]�M�n�^3jSN%\BM�OJj�T�l:�/M����¼l3n�\B]�^3R`_ Á:¥B]/H %mk:fge9N%OJM�k3j/NgNbj/Q/ME\BM�O�jqk:fbM9c7RUe9fbM
^:l:OJOUM��;P/n�PS^3NyM9fb�SM�O�j ¾�P/fgcÄj�_gRUPSn�\�� l:n�T�j/n3j&Ov_gfgjD�/M�fwNbj&nC_Wk:fbM(Nb�Cl:MÄO�j _bP/_gj&OJRU_b]�\:MÄO�jxT�P/l3Tw�:M�\BM�Nbj/^:OJM/H � Tw�3j/�Cl:M7¾�PSRJN
�Cl!� l:n3M7^:l:OJOUM�\�� j/RJf.k3j/NgNbM���O�j¦k*M�_gRU_bMÄT�P/l3Tw�:MÄ\BMÄNbj/^:OJM7�Cl:Rv^*P/l3Tw�:M7OJM��8j&lB_�\:l�T�j&n3j/O M9Ny_�NbP/l:OJM��/]9M���k:l:R�N.OJM7�3j&lB_Â\BM9N
k3j&fgP/R�N�\BlxT�j&n8j&O!N�� M$��P/n8\BfbM��BfbM9^*P/l3Tw�3j&nC_�j/RUn8NyR�OJMWT9j&n3j/O�NbR!OUM�\B]�^:RU_¼\�� j/RUf�n!� M9Ny_�k8j/N�_gfbPSk¦RJc7k*P/fb_gj&nC_9H
­vj&fWj&RJOJOUM9l:fgN��*PSn¬k*M�lB_�\B]9c7P/nS_gfbM9f.�Cl:M�OJMÄNbj/^:OUM�n:MÄNyM7NbP/l:OJe��/M�k3j/N.NbP/l3N�Od� M��*M�_�\BM�O�j Nbl:fbk3fbM(NbNbRUPSn�\BM�Od� j&RJf.�Cl:R®NyM
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