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Physics solves blood vessel mystery
[Friday October 16] A group of physicists has solved a surgical mystery that has puzzled
doctors for over 70 years. When a patient suffers high blood pressure, small blood vessels
tend to alternately constrict and dilate along their length, forming a "sausage-string"
pattern that is damaging to the patient. Previously physicians had thought that the blood
vessels had suffered a "blow-out", but closer examination by Finn Gustafsson and colleagues
in Denmark and Spain reveals that the blood pressure is too small to cause such an effect.
Instead they suggest that the elasticity characteristics of the vein cause the problem. The
work has been submitted to Physical Review Letters. 
  

Experiments on the effect have been performed by introducing a compound called angiotensin II
into the blood stream of a rat. This compound narrows the diameter of the blood vessels, which
increases the blood pressure and leads to the formation of the "sausage-string" pattern in the blood
vessels. If the angiotensin II is removed, the blood vessel returns to its previous shape.
Gustafsson’s group suggests that the shape of the blood vessel becomes unstable at high blood
pressure if the inner radius of the vessel becomes perturbed. 
  

Gustafsson and co-workers defined a quantity, I(r), in terms of the dimensions and elastic
properties of the vessels. If I(r) is positive, then the stress on the vessel increases in such a way to
keep the blood vessel cylindrical in shape. However, if I(r) is negative, the radius of the vessel at
that point becomes smaller, increasing the pressure and causing blood to flow away from this
region. This further reduces the radius, eventually leading to the "sausage-string" pattern in the
vein. According to their equations, the length of each "sausage" should be 5-10 times the radius of
the vessel, which is backed up by experimental evidence. The theory also explains why similar
patterns are not seen in larger blood vessels. 
  

RELATED LINKS: 
Instability and ’Sausage-String’ Appearance in Blood Vessels during High Blood Pressure



�)Õ ¨ ©>ª_«�¬ ª�_®&¯b©5°A±j²R³´�µ�¶�ª´°j°J® ±@³>¬

More 
News

From the SCiENCE newsroom

Posted 10 March 1999, 5 pm PST

 
 

APNet 
Home 

 
Online 

Journals 

 

 
Book 

Catalog 

 

 
Journal 

Sites

 

The Secret of Blood Sausages 

Blood vessels under high pressure undergo weird contortions: They swell and
shrink into something resembling sausages on a string. Now a team of
physicists has developed equations that model this curious--and potentially
harmful--behavior and can predict when and where it might occur. The
scientists say their calculations, reported in the 1 March Physical Review
Letters, could lead to new ways of treating acute hypertension. 
     The sausage-string pattern, first noticed in the 1950s in laboratory animals,
has been found in people who suffer from extremely high blood pressure.
Physiologists thought that weak spots in the vessel walls ballooned under high
pressure, but this did not explain the regularity of the changes or their presence
in smaller vessels where pressure is not as high. To solve the mystery, Preben
Alstrøm, a physicist at the Niels Bohr Institute in Copenhagen, Denmark, and
his colleagues examined the inherent stability of blood vessels. 
     The researchers started with equations that describe blood flowing through
cylindrical tubes with the elasticity of blood vessels, then they worked out a
theory to describe what happens when muscle cells constrict the vessels. This
squeezing, their model predicts, would not only narrow the vessel but,
paradoxically, also lead it to swell in some places--exactly the sausage-string
pattern. "A normal blood vessel is stable because to expand costs it a lot of
energy," says Alstrøm. But when constricted, the system is perturbed and slight
variations in variables such as rate of fluid flow will make sections of the
vessel more inherently "stable" if they expand. 
     The team may have finally hit upon the correct explanation for the
sausage-string pattern in arteries, says Raymond Goldstein, a physicist at the
University of Arizona, Tucson. He’d still like to see more detailed
experimental work that can be compared to the model’s predictions, such as
how the length of each sausage depends on parameters like the thickness of the
artery walls. Alstrøm says this sort of knowledge could lead to ways to prevent
the formation of the sausage-link shapes, which can disrupt blood flow. For
example, he imagines drugs that might change the elasticity of the arteries so
that they don’t become unstable under high pressure. 
     --Meher Antia 
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äWå²æ#å²æ PRQøë?S�|�ë@ëTQVU1WYX�W[Z\S�U8W[S_ìb|�ë?Q]U8W+å
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^ d#e;<-j��tq�qg<�k�:���m�fJk�e;<-h y<�:�h�7�<w�;h�k�k�<S:�pDj+5�j|j�k�:�m�p;7 � �Þ58p � 9;<�p � <�s÷{®�ck�e;<-5�qg�}mj�<�s{}m9;p;s;h�:�� � mp;s;5Bk�5�m�p;jS?1 xmqg��h�:�<¶46587;?x=@?8A � ? � h�pDs�=@?BAA? � ?x4�m:#k�e;<¶j�É%9�h�:�<ls;m�q¯h�58pb�46587;?�=@?BA �
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^ d#e;<´j��@j�k�<�q � mp®k�58p%9�h ��� � � 9 � k�9�h�k�<�jS��{;9DkopD<�y<�:>{}< � mqg<Sj#fÙ9 ��� �gm:�s;<�:�<�sb?)õ>j � h�pw{}<j�<S<SpwfÙ:�mq k�e;<´j�<�y<�:�h � 58p;j�k�h�p®k\h�p;<�m9;jJ5�q�h�7<�jWj�e;m]nopb?
^ d#e;<gh�qg� � 58k�9Ds;<|m�f¨k�e;<gh y<�:�h�7�<g�;h�k�k�<S:�pÞ5�j´h's;< � :�<Sh�j�58p;7'fÙ9;p � k�5�mpOm�f¨k�eD<gsD5�j�k�h�p � <k�muk�e;<´{�m�9;p;s�h�:��'h�p;swm�fµk�e;<´j��@j�k�<�q j�5���<�?¨46587;?�=@?BA]Ê
^ d#e;<J<`°@58j�k�<�p � <>m�fY� � h�k�<Sh�9;j�5�puk�eD<Jnxh y<¦p%9;ql{�<�:)m�f�k�e;<J��h�k�k�<�:�p;j)h�:�<J< h�j�5 � � � e;< �\· <Ssh�7h�5�p;j�k#<`°@�}<S:�5�qg<Sp®k�j�?
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½ p;<¯�}mj�j�5�{ � <u�;5 � k�9;:�<gk�e�h�k � m9 � sb�658pß�D:�5�p � 5�� � <��_<H°D� � h�58pc{}m�k�eOk�e;< � meD<S:�<�p � <¯m�fWk�eD<h y<�:�h�7<�j�p;< h�:�k�e;<o{�m�9;p;s�h�:��+h�pDsuk�e;<#s;< � h �|k�m]nxh�:�sDj�k�e;<o{;9 �8· �®58j6k�eD<WfÙm ��� m�no58p;7 C k�e;<o��h�k�±k�<�:�p;j)j�e;m�9 � s�{�<>s;mqg5�p�h�k�<Ssg{®�gk�e;<¦j�k�:�9 � k�9;:�<�m�fbk�e;< � 58p;< h�:¨qgmts;<Sj�no58k�e;5�pgk�e;<J5�p;j�k\h�{D5 � 5Bk��{�h�pDsb�bh�pDs � meD<S:�<�p � <uh�k>k�e;<|{}m9;p;s�h�:�5�<�j¦j�e;m9 � s�{}<|<`°@�}< � k�<Ss�fÙ:�mq k�e;<vp;< � <Sj�j�h�:�� � m �\· ±5�pD7lm�fYk�e;<�qgm@s;<�j)k�m|j�h�k�5�j�fÅ�¯{}m9;p;s;h�:�� � mpDs;58k�5�mp;j�?6d#e;58jW�;5 � k�9D:�<¦58jx�;:�m{�h�{ � �g��h�:�k#m�fYk�eD<k�:�9Dk�e��t{D9Dk�nx<Jp;m�k�<ok�e�h�k�5Bk�5�j�p;m�k)h � m�q�� � <�k�<#<`°@� � h�p�h�k�58mpuj�58p � <o58k�qg5�j�j�<�j�h´fÙ9;pDs�h�qg<Sp®k\h �fih � k C no58k�eD5�p�k�e;<u58p;j�k�h�{;5 � 58k��r{�h�p;sÞk�e;<�:�<gh�:�<�j�mq�< � 5�p;<Sh�:�qgm@s;<�j�k�e�h�k � h�:�:���k�e;<u7 � m{�h �j��tqgq�<`k�:�5�<Sj´m�fxk�e;<gp;mp � 5�p;<Sh�:�j��tj�k�<Sq h�p;sßj�mqg<uk�e�h�kvs;mwp;m�kS?z»²kl58jvm�{%yt58m9;j¶{%�Oj�5�qg� � <m{;j�<S:�y�h�k�5�m�p'k�e�h�kok�eD<¶pDmp@±�j��tq�qg<�k�:�5 � q�mts;<SjJh�:�<��;:�<�j�<�p%k¦5�p-k�eD<¶58p;j�k�h�p®k\h�pD<Sm9;j � mpDÛ�79t±:�h�k�5�m�p;jS��h�pDsrk�eD<S:�<`fÙm:�<��}k�e;5�jJj�58q�� � <��;5 � k�9D:�<¶s;m@<�j>pDm�k¦<H°@� � h�58pwk�e;<¶j��tq�qg<�k�:��'�;:�m�}<S:�k�5�<�jm�fµk�e;<vh y<�:�h�7<�?xõ 7mtm@s-<H°@��<�:�5�qg<Sp®k�h � <`°@q�h�� � <´58j#758y�<Spw5�pr465�7g=@? � ?�d#e;<¶5�p;j�k\h�p®k�h�p;<Sm�9;j:�m ��� jJh�:�<|h �8� ��<�:��}<Sp;s;5 � 9 � h�:>k�m�k�e;<|{}m9;p;s�h�:��?¦¼>m]n)<�y<�:S�bk�e;<+h y<�:�h�7<l5�jofÙm:�qg<Ss�{®�r:�m �8� jm�f � 58: � 9 � h�:Wj��tq�qg<�k�:��-{}<S58p;7u��h�:�h ��� < � k�muk�e;<´{�m�9;p;s�h�:��?
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Ø~ÙFÚ�ÛkÜªÝÄÞ¡Úlß Ù¡à Î Ú5á�â&ã Á�ä ÞMãÁá4ã ä ÝkÚ5áà�â5Ý2à ä âyÝSÞMãÁÝfÚ Î à2å Ú5Ù ä ÚªÝÄÞ¡Ú�ãÁÙÎã Á£æ â5à�â�ÛkÜ ¼ ÙÎãÁÙ ä à2ã Á£ç�è áà ä ÚyåoãÁÝ�ãà�â�ã]â ä ã Á Ú ç Üá¥Ú�Ú�åÁà�â5Ýsáà2é&ß Ýsà�Û�Ù�ÛkÜ{àÄÙ¡Ýsá4ã ç åoã æ á¥Ú5Ý2ß·áÙMâ Ì:Ó à º Ú5á¥Ú5Ù¡Ý ½ Û&å Ú Á âyÞMã Î ÚÈé5Ú�Ú5Ù è á¥Û è ÛYâYÚ	åÝ>ÛêÚ Ä�èÃÁ ãÁàÄÙ�ÝÄÞ¡Ú�âYÚ ä ÞMãÁá4ã ä ÝkÚ5áà�â5Ý2à ä â{ãÁÙÎå ä ãÁÙ�é5Ú{åÁà Î à2å Ú	åuàÄÙ�Ý À ÛuåÁà º Ú5á�Ú5Ù¡Ý�ëÁá¥Û�ß è â&ì è Þ æ â5à ä ã Á¿Á£æ½ Û�Ý2à Î ãÁÝkÚ	å ½ Û&å Ú Á â�é�ã�âYÚ	åíÛ�ÙqÝÄÞ¡Ú@àÄÙ¡ÝkÚ5á4ã ä Ý2à�Û�ÙÐÛkÜ�ã Á ãÁásë Ú@Ù¡ß ½ é5Ú5ádÛkÜWß Ù¡àÄÝÄâ Ö ãÁÙÎå ½ Û&å Ú Á âé�ã�âYÚ	åIÛ�Ù ½ ß Á Ý2à ç ãYë Ú5Ù¡Ý(àÄÙ¡Ý>Ú5á4ã ä Ýsà�Û�ÙMâÈîlÚ5á¥Ú À Ú è á¥Û è ÛYâYÚ]ã@â5à ½(èÃÁ Ú ¼ ÙÎãÁÙ ä à2ã Á ½ ãÁá Ñ Ú5Ý ½ Û&å Ú ÁÀ Þ à ä ÞIàÄÙ ä<Á ßMå Ú�âÈÝSÞ¡Ú]åÁà�â è Ú5á¥â&ã Á ÛkÜÈàÄÙ�Ü�Û�á ½ ãÁÝ2à�Û�ÙïãÁÙÎå{Ü�Û�á ½ ãÁÝsà�Û�ÙðÛkÜ]Û è àÄÙ¡à�Û�Ù ä<Á ßoâ5Ý>Ú5á�â Ö ã�â�ãÜß ÙÎåoã ½ Ú5Ù¡Ýñã Á àÄÙ ëÁá¥Ú	åÁà�Ú5Ù¡ÝRÝ>Ûòã ä�ä Û�ß Ù¡ÝFÜ�Û�á{â ä ã Á Ú ç Üá¥Ú�Ú{á�Ú5Ý2ß á5ÙMâ Ì�ó ã ä Þ ä<Á ßoâ5ÝkÚ5á�à�âÈã�â�â5ß ½ Ú	åWÝ>Ûã ä Ýªã�â æ Ù ä Þ á¥Û�ÙFÛ�ßOâ Á£æ5À àÄÝÄÞIÝSÞ¡ÚÈâ&ã ½ Ú ä Û Á¿Á Ú ä Ý2à Î Ú�ã ä Ýsà�Û�ÙðÛkÜ�é&ß æ àÄÙ ëIÛ�á�âYÚ Á¿Á àÄÙ ë Ö ã4ÜÝkÚ5á À Þ à ä ÞÝÄÞ¡ÚòÛ è àÄÙ¡à�Û�Ùíé5Ú ä Û ½ Ú�â�àÄá5á¥Ú Á Ú Î ãÁÙ¡Ý�ãÁÙÎådåÁà�â&ã èoè Ú	ãÁá�â Ì ¸ Þ¡ÚWÛ�Ù Á£æ�è ãÁá	ã ½ Ú5Ý>Ú5áêÛkÜÈÝSÞ¡Ú ½ Û&å Ú Á à�âÝÄÞ¡Ú]á4ãÁÝ2à�ÛôÛkÜhÝsá4ãoåÁàÄÙ ëIã ä Ýsà Î àÄÝ æ3Î â Ì àÄÙ�Ü�Û�á ½ ãÁÝ2à�Û�ÙõåÁà�â è Ú5á�â&ã Á�öÃÌ¨Ð Û�áuâ5ß÷ ä à�Ú5Ù¡Ý Á£æ�Á Û ÀÐö ÝÄÞ¡Úâ æ â5ÝkÚ ½ Û�á�ëoãÁÙ¡à È Ú�â(àÄÙ ä<Á ßoâ5Ý>Ú5á�â{ÛkÜyã Á¿Á â5à È Ú�â�øké5Û�ß ÙÎå Ú	åhé æ â æ â5Ý>Ú ½ â5à È Ú>ùuãÁÙÎåuåÁà�â èÃÁ ã æ â è Û À Ú5á çÁ ã À åÁà�â5Ý2áà2é&ß·Ý2à�Û�ÙôÛkÜyá¥Ú5Ýsß áÙMâaÜ�Û�á�ã Á¿Á ÝÄÞ¡Ú è ÛYâ�â5à2é Á Úyá4ãÁÙ ë Ú Ì îlÛ À Ú Î Ú5áBÜ�Û�á ö â5ß÷ ä à�Ú5Ù¡Ý Á£æ Þ à¬ë�Þ ÖÝÄÞ¡ÚÈã ä Ý2à Î àÄÝ æ à�â{â5ß÷ ä à�Ú5Ù¡ÝRÝ>Û]àÄÙMÞ à2é&àÄÝ Á ãÁásë Ú)ú)ß ä ÝsßMãÁÝsà�Û�ÙMâ Ö Ý2ß·áÙ¡àÄÙ ëêÝSÞ¡Ú{á¥Ú5Ýsß áÙMâÈåÁà�â5Ý2áà2é&ß·Ý2à�Û�ÙÀ àÄÝÄÞyÜ�ãÁÝ ç Ý�ãÁà Á â{ãÁÙÎåêã�â æ¾½(è ÝkÛ�Ý2à ä Ú Ä�è Û�ÙFÚ5Ù¡Ý2à2ã Á�ä ß·Ý>Û º â�û Ì
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OSU>N{D L,14N{57Q»N{5��7D,Q�A{34��A{3�B�?RA{3SN{A{É014AC8<�XN{OSK	14K�A{34�¶Ê��¦Q�5M��QEDiËXD,LiB�A�WPA�B��o\CF�§�À ��g,_·¹¨�iÁf_oÂª�ih¬h¦_
ÄYÅ Fon 
 n7³ r )�t>t>tTw�.

( � +z�R. � U>ZRN{A{�YFª�R. � 573X5MWJ57Q,Fª5J348��R.�Ì�.o=@A{NCN{D,OSKED 3]F6GH��U>NCD,L 14N�57Qc8R�I3X57OSA{L,KcU7�VË414A{8£ËXU��
5JBÇK�U>N{AC8sKE14Q �¬57L,D K,\�F¨§�À ��g,_ | õ eI«¬�fgc`Íl FXp � ) q pJt7u r )�t � tTwi.

(ÆtJ+ � .��R. è N{1RL[�IO6573]F � .¸��57QEL ÉoF��R. � QEAC84�>D Q,F¨57348Î�R. � . è U>N{NC1 ¡ F�G;µ¸A{OSD£5MW7D,Q�5J�>A{34��U7�
L[?X5JU7B�ACL�K�ZX5JBEA{U7BED,OSZ�U>QE57NY�¤5MW>DzZX5JB�B�D,Q�34K,\�F¤§�À �²g,_m¹¨�iÁf_ªÂª�ih¬h¦_ªÏ·l FYn7v 
 u q n7v 
 p r )�t7t 
 wi.

(*)�vJ+¶µ©. � U>?4Q FÇ��.;-z.��7D,34K�D,3]F è . � 57N�5J84A{3]F¤57348Ð�z.�Ñ�1RN{Z4A{5734AjFÒA{3 ô �f�o� ÷ «jbE� õ gi�²gih�� ÷ g
�i�T� ~ d,�Ib À h�dShÃe ~ Ó e õ �i�·b[� FVy¤57O ¡ QEAC84�>D©�Ç34ACW7D,QEK�ACB�� � QED KEK F·y¤5JO ¡ QEAC84�>D r )�t>t � w�.

(*)>),+�-�. Ä .;Ì�.ª-�D N{OS?4U>NCB � FSA{3�Ô �}h À �Õk]�i�Rg,�7hÃ«jdf�Rg�d�Ö¥×odf�·�6�fg6� §�À ��gi«jd õ dEØ7«jbE� õ º��fgi«{g¸ÖMd ~
h À �½× À �[d ~ �½d�ÖcÙ�eTgi«jb FV/2U�W7D,Q � 1 ¡ N{ACLM5JBEA{U>3RK,F � D �Ú�"U7QE� r )�tT±JuTwi.

(*)²nf+ è .4W>U>3 �S¾D,� ¾D K��>F¸AC3ÜÛ�Ý �X� ~ « ÷ �i�XhÞg¶«Þ��ßz�E� ~ «Þ�IØ F¤��L è Q�5M�¤��-ÇA{NCN � UIU>�½y�U4.�F � D ���"U>QE�
r )�t>³>vTw�.

(*) 
 +z��.x��. m 14�>�>D QEU�57348 � .�yc. m ACL[?]F�G�ÌX14QEU7KED,OSA{8RD��cNCBED,Q�K��2Q��T573�U7�¸y�U7Q�B�A"�àD,L[?X573RA{L,K á
ê WIA{84D 34L,Dà��U>QÕÌXD,D 8 ¡ 57L[�âU7�2�21RB�D Q6-�57A{QSy�D N{NCKS1RZ�U>3âB�?RD � 57KEACN�57QÕ�àD,O ¡ QE5734DJ\CF ^R_
ö��ie ~ d�g�bi«¬_mlol F])MvT±>p r )�t7tR)²wi.

)�vTp
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(*)Mu7+z��.x��. m 14�>�7D,QEURFmG m D KEZoU>34K�D,K�B�U¶KEU>1R348ÕU7��BE?4D ¡ 57K�A{N{57Q»OSD,O ¡ QE5734D¤UJ��BE?4D¸O:5JO6O657N{A{573

L UPL[?4NCDM5R\�F�ê e ~�~ _ Ô �o«Þ�o_¾ö��ie ~ d Ó «jd õ _oÅ FXu>uTt q uT±7³ r )�t7tTn>wi.
(*)²±f+z��.x��. m 14�>�7D,QEURF Ä . m U ¡ N{D K,F057348 � .Hyc. m A{L[?·FmG;µ¤��Uf��µmU>34D�9P14Z4ZRQED,K�KEACU>36AC3<B�?4D � 57KEACN�57Q

��D O ¡ QE5734D�U7��BE?4D<y�UIL[?4NCDM5Rá���D,L[?45734A{L,57N � 57K�A{KÇU7�»��1484ACBEU>Q��T� � D,Q W>D m 5fB�Dz9P14Z4ZRQED,K��
K�A{U>3]\�F ^R_|öz�ie ~ d[� À �²gi«jd õ _oëYÄ Fa)�v � p r )Mt>tTn>w�.

(*)�³J+�Ì�.��>57QE57O6ACN{NCU4F"Ñ�.H9o.¤��5JQE�0A{3]FÇ573R8Ð��.��R.¤-Ç1484KEZoD BE?]FìG���1484ACBEU>Q��íACN{N{1RKEA{U734KS57348ÐB�?RD
K�A{34�>NCD©?X57ACQ¤L,D N{Nj\�F ö©�7hÃe ~ �Ç¼Yë4È Fo±7n>p q ±>nJt r )�t>t7îTwi.

(*)²pf+�/<. Ä . è U>3 �]¾57N{D � 5J348Ü�<. � ACQEU4F©GHy�?X57U>K�A{3£5S34U>34NCA{34D,57Q¨84QEA�W>D 3£U>KEL A{NCN�5JBEU>Q¤�¨ACBE?�Di�R57LiB
K�U>N{1RBEA{U>3·\CFV§�À ��g,_m¹¨�iÁf_mÂm�ih¬hj_·°Xï F � p7v r )Mt � îTw�.

(*) � + è .;�z.¶y�D,L L[?4AjFÕ/<. Ä . è U>3 �a¾5JN{D � F���.��<.¶��57�73X57KEL U4F è . � .©��A{348RN{A{3·F<�<. � A{Q�U4F<5J348
�z.o9R573TB�ACN{N�5J3]FVG � D QEA{UI84ACLM57NCNC�S�0A{L[�7D 8�?X5JQE8àU>KEL A{N{N{5JB�U7QEK,\�F2ê¿À �Id�g¸¼ FY±P) q ³Tn r )�t>t7îTwi.

(*)�tJ+©Ñ�.H��. ê �>1 ¾ð N{1 � F»A{3½Z4Q�D,ZX5JQ�5JBEA{U>3].
(xn7vJ+¶�z.Hyc.·y�Q�5M�¸��U>Q�8¥57348 m .oÌXD BEBEA{Z4N{57L,DJF2G�µ¸?RD���QED ÉI1RD,34Li��K�D,N{D L BEACWIACB��àU7��5J1484ACBEU>Q���34D,Q W>D

� ¡ QED,K"573R8�?X57A{Q�L,D,NCN{K¿A{3<B�?RD¸L,UIL[?4N{D,52U7�YB�?4D¤BE14Q�BEN{D7\�F ^R_ §�À �²gi«jd õ _0¼Xïoë FIpJt q )²n>± r )�t � vTwi.
(xnP),+¶�z.H�R.P-�148RKEZoD B�?½5J348 m .H9�. Ä D �¨ACK,F�G � AC34D BEA{��573457NC�IKEACKVUJ�]W>U>N�B[57�7Di�»57348:ACU>3P�¦84D,ZoD,348RD,3TB

L U>348414LiB[573RL,D,KVA{3�KE57L,L 14N�57Q�?X5JA{Q»L D,N{NCK»U7�oB�?4D ¡ 1RN{N��j��QEU>�RF ¹¤�7�o� ê �7h��[g Ó �i«¬�7�o� \CF ^R_ §"À ��giñ
«jd õ _XÈoïoï Fon7î>p q n>pJu r )�t ��� wi.

(xn>nf+¶�z.H�R.I-�1R84KEZoD BE?s57348 m .�9�. Ä D �¨A{K F»G��ÒOSUP84D N4��U>Q�D,NCD,L BEQEACLM57NXQ�D,KEU73X5734L D257348S��QED ÉI1RD,34Li�
BE1434A{3R��AC3âK�57L L,14N{57Q�?X57ACQ<L,D N{N{K�UJ��BE?4D ¡ 14NCN��¦��Q�U>�4F ¹¤�7�o� ê �7h��[g Ó �i«¬�7�o� \�F ^R_ §"À ��gi«jd õ _
ÈoïYï Fon>p>± q nJtTp r )�t ��� wi.

(xn7îJ+¶�z. � D A{O6573]FfÊ<. � D,AÃF0/<. m 14K�KED,NCNjFf=ò.J=�Ufó B�D 34D,�YF Ä .J=@ACN{�7D 34K,F>Ì�.>�àU>KEK F0-z.7�z. � QE57143]F
��.xµ©.]-Ç1 ¡ D,Q,F·57348 � .YÑ�U>A{�JBMF¶G*9I�I34L[?RQEU>34A � 5JBEA{U>3�U7�	B�?RD�34U>ACK��àD,NCD,LiB�QEU7KED,3RKEACBEACW7D<L,D N{N{K
AC3½BE?4D¶ZX57848RN{D �4KE?]\�F¤§"À ��g,_m¹¨�iÁf_mÂª�ihÃhj_·ÄYÅ FX³>³>v q ³>³>î r )�t>t>tTw�.

(xnJu7+¶�z.Hyc.Ry�Q�5M�¸��U>Q�8s57348 m .0ÌXD B�B�ACZ4N�57L D7F�G;µ¸?4D�O6D L[?X5734ACLM57NYZ4Q�U>Z�D Q�BEA{D,K"U7�aL A{NCA�57Q � ¡ 1R3484N{D K
U7�mB�1RQ�B�NCD©L,UIL[?4N{D,57Q¨L,D N{N{K \CF ^R_ §�À ��gi«jd õ _·¼Yë4È FXîT±7t q îTp7t r )Mt � ±>w�.

(xn>±f+z�R.a-ÇU��¤57Q�8�57348¥��.��R.]-Ç1484K�Z�DiB�?]F:GH��D L[?X5734ACLM57N»Q�D,N{5f�R5JB�ACU>3�U7��BE?4D<?X57ACQ ¡ 143R84N{D<OSDi�
84A{5JB�D K¶578X57ZPB[5JBEA{U>3£AC3ÜO6D L[?X5734UID,NCD,L BEQEACLM57NmB�Q�5J34KE841RL B�ACU>3 ¡ ��B�?RD ¡ 14N{N���QEU>�4\xKcKE57L,L 14N�5JQ
?X5JA{Q¸L,D N{NÃ\CFV§V~ d�b,_|ö©�7h õ _a`cbE�T�T_¿k]bi«¬_cakP`¯ÄXÈ FYî>v7³7u q î>v7³ �sr )Mt � p>w�.

(xn7³J+z��. ê . � D,34K�D,Q F m . ê .V��57QEÉ014ACK,F�57348í��.��R.�-�1484K�Z�DiB�?]F¯G m 5JZ4A{8]FV57LiB�ACW7D½?X57A{Q ¡ 143484NCD
OSU�W>D,OSD,3TBEK�A{3�?X57ACQ©L,D,NCN{K¶��QEU>OôBE?4D ¡ 14N{N���QEU>�R\;K©KE57L,L 14N{14K \CF ^R_}öz�ie ~ d�g�bi«¬_�lIë F»±7³Tn7t q
±7³JuTî r )�t>t7³Twi.

(xn>pf+¶�z.H�R.X-Ç1484K�Z�DiB�?]F�GH��D L[?X5734ACLM57N·57O6ZRN{AC�4LM5JBEA{U>3SU7�ªK�BEA{O<1RN{A ¡ �6?X57ACQ�L D,N{NCK,\�F2ê e ~�~ _ Ô �o«Þ�o_
ö��ie ~ d Ó «jd õ _]Ï FRu � v q u � ³ r )�t7tTp>wi.

(xn � +¶�z.H�R. m A{L L,AÃFY�<.Æ��yc.·=¢1·Fa57348 m .]ÌXD B�B�ACZ4N�57L D7F<G;µ¸?4D�D,3R84U>�>D 34U>14K©L,57N{L A{14O ¡ 1Rõ�D,Q¶5J348
BE?4DSBEA{OSD�L,U>1RQEKEDSU7�VB�Q�5J34KE841RL,D,Q�578X57ZPB[5JBEA{U>3¥AC3¢571R84ACBEU>Q���?X57A{Q¶L D,N{NCK,\�F ^R_}ö��ie ~ d�g�bi«¬_
lIÄ F � n7³R) r )�t>t � w�.
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(xn7tJ+©=ò. ê . � QEU��¨34D N{NÃF�yc. m . � 5784D,Q F�/<. � D,Q�BEQ�573R8]F�57348��<.�84D m A ¡ 5714Z4ACD,Q�QED7F}G ê W>U>�JD,8
OSD,L[?X5J34A{L,57NPQ�D,K�Z�U>3RKED,K	UJ�XA{K�U>N�5JBED,8�L,UIL[?4N{D,57Q�U71RB�D Q�?X57ACQ¿L D,NCN{K,\�F k]bi«j�i�·b[�mÅoÅ�Ï F4)�tJu q )�t>³
r )�t � ±>w�.

(Æî>vJ+z�R.;Ì�.7��KE?4OSU>Q�D7FªG��ö�¬5JK�B	OSU7B�ACN{D"QED KEZoU>34KED¸AC3��>14AC34DM5f�¦Z4A{��U>1RBED,Q»?X5JA{Q�L D,NCN{K,áªB�?RD¤L,D N{N{1RN�57Q
¡ 5JKEA{K¨U7�mB�?RD�L UPL[?RN{DM5JQ¨57O6ZRN{AC�4D,Q,\�F ^R_ §�À �²gi«jd õ _o¼YÄYÄ F4îTn7î q nfu0p r )�t � p>wi.

(ÆîR),+zyc. � A�B�A��T57�f57QE5�573R8 � .��R. è 1 � O:573·F�GH��57N{AC�>3X573TBz-Ç�IZoD,Q B�D,3RKEA{U73â57348÷-¨�PZoD,Q B�D 34KEA�W>D
ê OSD,QE�7D,34L A{D,K \CF ^R_a` ÷ _¿k]d�b,_¾ö���� ÀI~ d õ _�® Fa)�î>î r )�t>t � wi.

(ÆîTnf+�Ì�. è 14K�B�5J��KEK�U>3]FÜGH-¨�IZ�D Q�B�D 34KEA�W>D½57Q B�D QEA{U7N�57Q23RD,L,Q�U>KEACK�Q�D WIA{K�ACB�D 8]\�F º õ d�d,� §V~ �[g[gie ~ ��ë F
pP) q p>p r )�t7tTp>wi.

(Æî>îJ+�Ì�. � . � �IQ�U>O�F Â]�7�·b[�ihªÅ Fon7vP) r )�tT±fu0wi.
(Æî7u7+�Ì�. � . � �IQ�U>O�F�§V~ dEØT_ ê � ~ �7«jdfÁf�fg�b,_ ô «{g,_al FYîR) r )MtTpJu0w�.
(ÆîT±f+z�R. è A{D KED7F `cbihj� § �7h À d õ _ªÙ�«jb ~ d Ó «jd õ _ªk]bE�7�o�T_�ëYÅ F4uTtTp r )�t>³7u0w�.
(Æî>³J+z�R. è A{D,K�D7F¸AC3 × À � § �7h À dEØI�i�·�[gi«{g�d�Ö¶ßc�[�X� ~ h��i�Rgi«ÞÁ7�£øX�fg�bie õ � ~ ô «{g��E�fg�� F¤��1434�0KE�>5>57QE8·F

y�U>ZoD,3R?X57�>D 3 r )Mt>³>³Tw�.
(ÆîTpf+ Ä .��R. � D,ACN{A{3½5J348àÌ�.H9o. è U>NC8 ¡ �>F¶ê õ «Þ�o_mk]bi«¬_aÙ�d õ _mÙ��E�T_�°YÅ Fa)>)>) r )�tTp>p>w�.
(Æî � + è .;�z.ª��D A{34AC34�>D,Q F � . Ä .·ÌYD ?4Q,Fm��. � .o�V5JB�D K,Fm�R. Ä . � U>QE8RD,QEK Fm57348Ü-z.��R. è Q�573R�>D,Q F ßc�Jñ

�X� ~ h��i�Rgi«jdf��Ä FY³>³ r )Mt � ³Tw�.
(Æî>tJ+2�<.Hyc.JÌX1434�4FIA{3 º¨«jd ÷ �[b À �7�X«jb[g,_0Ù��[b À �7�X«jbE� õ §V~ d[�X� ~ h¬«j�[g�d�Ö	Â¿«ÞÁ�«Þ�IØ:×ª«{g[gieY�[g FR9PZ4Q�A{34�7D,Q �

Ñ�D QEN�5J�4F � Di���"U>Q�� r )Mt>t>vTw�.
(´uTvJ+2�<.Hyc.�ÌY1R34�4F¯A{3 º¨«jd ÷ �[b À �7�X«jb[g,_¨Ù�dfhÃ«jdf�Rù | õ dfú�ù<kYh ~ �[g[g[ù6�7�o�Ðû ~ dfú	h ÀIF�9PZ4Q�A{34�7D,Q �

Ñ�D QEN�5J�4F � Di���"U>Q�� r )Mt>t>vTw�.
(´u4),+z�R. � N{5JB�D,571]F¢AC3 kYh¦�7h¬«¬ü,eX� Û�Ý �X� ~ « ÷ �i�Xh¦� õ �à�ih�× À �[d ~ «¬ü,eY�s�I�[g6Â¿«¬ü,eI«¬�I�[g�k]dfe ÷ «{g½�7e Ý

k]�ie õ �[g | d ~ b[�[g�Ù�d õ �[bie õ �7« ~ �[g F è 571PB�A{D Q �jÑ2A{NCN�57Q�K,F � 5JQEA{K r ) � p7î>wi.
(´u0nf+ Ä U>Q�8 m 5M�IN{D,AC�>?]FªG*�23�B�?RD¸A{34K B[5 ¡ ACN{A�B��zUJ�]5©L �INCA{3484D Q»U7�oWIA{KEL U>14K�N{ACÉ014A{8<1R3484D,Q�L,57Z4A{NCN�57Q �

��U>Q�L,DJ\CF¤§�À « õ d�g,_ªÙ¥��ØT_�¼4È Fa)Mu0± q )²±Ju r ) � tTn>w�.
(´uTîJ+ m . � 5JQ � ý·A�Wz57348 ê .T��U7KED,K FmG;þ�34K B[5 ¡ ACN{A�B���5J348�ÿ�ZoDM57Q�N{A{3R���cK B[5JBED,K	Z4Q�UP841RL,D,8�AC3<B�1 ¡ 14N�57Q

OSD,O ¡ Q�5734D K ¡ �¶L U>OSZ�DiB�ACBEA{U>3©UJ�RL 14Q�WJ5JBE14QEDV57348¶B�D 34KEACU>3]\�FX§�À ��g,_P¹Ç�iÁf_PÂª�ih¬h¦_>ÏX¼ FI)�î>tTn q
)�î7tT± r )�t>tJu0wi.

(´u>u7+ � . � D,N{K�U>3Î573R8Ðµ©. � U���D QEK,F G�/c�I3X57OSA{LM5JNÇµ¸?RD,U>Q �öU7�cB�?4D � DM5JQEN{AC34��þ�34K�B�5 ¡ A{NCACB��âAC3
yV�IN{AC3484Q�A{LM5JN·Ñ�D,K�A{L,NCD,K \CF�§�À ��g,_m¹Ç�iÁf_mÂª�ih¬h¦_]ÏPÈ F4î>î � u q î>î � p r )�t>t>³Tw�.

(´u0±f+ m . ê . è U7N{84K B�D,AC3]F � . � D N{K�U>3]FIµ©. � U²�VD,Q�K,FX5J348���.R9ID,AC��D Q�B,F�G�ÌXQEU>3TB"Z4Q�U>ZX57�T5fB�A{U736AC36B�?RD
ZoDM57Q�N{AC34��A{34K B�QE5 ¡ A{NCACB��SU7�mB�1 ¡ 14N�57Q¤W7D,K�A{L,NCD,K \CF ^R_ §�À �²g,_���� |·~ �7�·b[�¸ë Fop7³>p r )�t>t>³>wi.

(´uT³J+ m .x=ò. è U>Q�D7F¶ê « ~ b,_ª¹¨�[g,_�¼4È Fo± � ) r )�tTpJu0w�.
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(´u0pf+z��.��R.�/©5MWIA{K�573R8 m .Æ=ò. è U>QEDJFöG Ä D 34�7B�?I�¦B�D 34KEACU>3âQED N�5JBEA{U>34K�?4A{Z¢U7�¨W75JKEL,1RN�57Q<K�O6UIU7BE?

O<1RKEL,NCD¶A{3½KEAC34�>N{D257Q�BED,QEACU>N{D K,\�F ` ÷ _¿^R_ §�À �²gi«jd õ _oÅY°oë FX-�³>î>v q -c³7uTv r )�t � tTw�.
(´u � + m .ªÌXD,N{8 ¡ D QE�4Fm��.my�U7N{84AC34�J� ���7QE�>D 34KED 3]Fª57348��z.´��-�.a-�U>NCK�BED,A{3I� m 5JB�?4NCU>1]F:G;�c3457NC�IKEACK©U7�

AC30BED,QE57L BEA{U>3 ¡ D B��VD,D 3öµ è Ì¯57348}BE?4DsO��>U7�>D,34ACL�QED KEZoU>34K�DàAC3}QED 3X57N ¡ N{UIUP8¢Ë4U²� 571P�
BEU>QED �>14N�5fB�A{U73]\CF ` ÷ _m^R_ §"À ��gi«jd õ _oÅoëY® FYÌ	±�	P) q Ì	±7t7î r )�t7tT±>wi.

(´uTtJ+�-�. � 57A�� Ä A{3]F¿A{3íê¿À �Id�g F�=�U>QENC8�9IL,A{D 3TB�AC�4L7Fo9PAC34�T57ZoU>QED r )�t>t7vTwi.
(x±7vJ+ ê .J�cBEBMFPA{3�ê¿À �Id�gV«Þ�:�7�f�o� ÷ «jbE� õ gi�²gih�� ÷ g FRy¤57O ¡ Q�A{84�>D"�Ç34ACW7D,QEK�ACB���
	QED KEK FIy¤57O ¡ Q�A{84�>D

r )�t>t>îTw�.
(x±P),+ � .R��N{NCA{�>UIUP8·F>µ©.X9R5J14D,Q F457348à�R.x��.0�"U>QE�JD7F¿A{3÷ê¿À �Id�g���7��«Þ�Xh ~ d,�7eYbih¬«jdf��h�dS�7�f�o� ÷ «jbE� õ

gi��gih�� ÷ g F"9IZ4QEAC34�>D,Q¸Ñ�D QEN�5J�4F��ÇD �Ú�"U>Q�� r )�t>tTp>w�.
(x±>nf+z��.�yc.ªy�Q�U>KEK¶573R8�
¿.�yc.a-�U>?RD,3 ¡ D QE�4FÕGH9PZX5JBEA{U7BED,OSZ�U>QE57NªL[?X57U>K \CF k]bi«j�i�·b[��ÅYëY¼ F»)²±7³>t q

)²±7p7v r )�t>tJu0wi.
(x±7îJ+z��.�yc.�y�Q�U>KEK�5J348�
¿.�yc.»-ÇU>?4D 3 ¡ D,Q��4FâG�
¿5JBEBED,QE3}��U7QEO65JB�ACU>3�U71RB�K�A{84D6U7�¨D,É014ACN{A ¡ QEA{1RO�\�F

¹¨�iÁf_mÙ�d,�T_ §"À ��g,_oëo° F�	T±I) q )>)>)�n r )�t7t>îTwi.
(x±Ju7+�
m.ªy�U>14NCN{D B,Fªyc. ê N{Z4?RA{L[�YFª57348�/<. m D,Z4571P��F�G���5JB�1RQEDÕU7�"KEZX5fB�A�5JN�L[?X57U7K,\�Fs§�À ��g,_	¹¨�iÁf_

Âª�ih¬h¦_�°oÄ FXuTîP) q uTî7u r )�t�	Tp7wi.
(x±>±f+z��.xþ[. m 5 ¡ A{3RU²WIACL[?]FR�z. Ä .XÌY5 ¡ Q�A{�f573TBMFP57348 Ä .�9P?].4µ¸K�A{OSQEA{3R�4F"G�Ì�AC34ACBEDc84ACO6D 34KEACU>3X57NoKEZX5²�

BEA�57N]8RA{KEU7QE84D Q,\�F k]dfÁf_ §�À �²g,_2]g��·_���� FY³>n7t r )�t>t>n>wi.
(x±7³J+ m ."��U>3TB[5J�>34D7F ê ."-ÇD,QE3 ¾573484D � � è 57Q�L ¾ð 5PF�573R8Î��."9R5J3Î��AC�>14D,NÃFÚGx=@A{3484AC34����14O ¡ D Q

þ�34K B[5 ¡ A{N{A�B��½A{3�BE?4D�
	?X57K�Di�¦µ¿14Q ¡ 14NCD,34L D m D �>A{OSDzUJ�	B�?4DÕy�U7O6Z4NCDi� è A{3 � ¡ 14QE�f� Ä 57348X5J1
ê É01X5JBEA{U>3]\�F¤§�À �²g,_ª¹¨�iÁf_mÂª�ih¬h¦_]ÏoÏ Fon7³>p q n>p7v r )�t>t>³>wi.

(x±>pf+ m .f��U>3TB[5J�>34D7F ê .J-ÇD,Q�3 ¾573484D � � è 57Q�L ¾ð 5RFJ�z.��cOSD,34�71X57NjFf573R8���.f9R5J3���AC�>14D,NÃFXG;=�U>14348I�
14Z½Z4?457KED©B�1RQ ¡ 14NCD,34L D¶A{3�B�?RD©L,U>OSZ4N{D�� è A{3 � ¡ 14Q��J� Ä 573R8X571sD,É01X5fB�A{U73]\CF"§"À ��g,_ª¹¨�iÁf_ Û
°Yë Fa)²±P) q )�³Tp r )Mt>tTp>w�.

(x±�	J+�-�.Æ��yc.ªy�?X5734�RF6Gx=}5MW>D�DiW>U>NC1RB�ACU>3¥U>3Ü5:�¬57NCN{AC34�S�4N{Oà\CF `c�X�XeR_	¹¨�iÁf_ | õ eI«¬�sÙ��[b À _ªÅYë F
)�v7î q )�î>³ r )�t>t7uTwi.

(x±7tJ+zyc. ê N{Z4?RA{L[�YF ê .f��D QEU>3·F7573R8 ê .x��.J9PZ4ACD,�>D NjF4GH9PZX5JBEA{U7BED,OSZ�U>QE57N7L U>OSZ4N{D��RA�B��©A{3©BEQ�5MW>D N{A{3R�
ZX5fBEB�D QE34K \CF¸§�À �²g,_a¹Ç�iÁf_mÂª�ih¬h¦_�ëal FXu>t>³ q uTt7t r )�t�	�	Twi.

(Æ³>vJ+zyc. ê N{Z4?RA{L[�YF ê .J��D QEU>3]FJ57348 ê .;�z.f9PZ4A{D �>D,NÃFXG�
¿5JBEBED,QE3RK�U7��
	QEU>ZX5J�T5JB�AC34��
	14N{K�D,K,\�F k���`2Ù
^R_a`��T� õ _mÙÜ�7h À _·°Xï F4uTt>v r )�t>t>vTw�.

(Æ³R),+zyc. ê NCZ4?4A{L[�YF ê .���D QEU>3]FV�R. m A{3 � D,NÃF	57348 ê .x��.�9PZRA{D,�7D,NjFâG;þ�O6Z41RN{KED�
¿5JBEBED,Q�34A{34�Ü5J348
m D,N{5f�R5JB�ACU>3X57N�
�Q�U>ZX57�>5JB�ACU>3�A{3 ê �PL,ACB�5 ¡ NCDc�àD,84A{5R\CF ^R_¤× À �[d ~ _Yº¸«jd õ _olTÈ�ë FRnfuTt r )�t>t7vTwi.

(Æ³Tnf+���.H�R. � 57N{OÕ��U>Q B�?]FYG*9IU>N{A�B[57Q �2�¤5MW7D,K"57348<?RU>O6UIL,NCA{34ACL	U>Q ¡ ACB�K \CF `c�X�Xe4_R¹¨�iÁf_ | õ eI«¬�2Ù��[b À _
Å�Ï FYî>îT± q îTp7î r )Mt>t>³Tw�.
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(Æ³>îJ+�/<. m 14D N{N{DJF¤GHÌ¿ACW>D2BE14Q ¡ 14N{D 30BÇZ4Q�U ¡ NCD,OSK,\�F�§"À ��gi«jbE� ô Ï FXuTv q u7u r )�t�	7îTwi.
(Æ³7u7+¶�z.Hyc.!�ÇD �VD,N{N�5J348£��.�
mU>O6D,571]F�G;µ¿1RQ ¡ 14NCD,3TB�L,Q �PK B[57NCK¶A{3¥O657L,Q�U>KEL U>Z4A{L�K��IK�BED,OSK,\�F ^R_

§�À ��g,_a`¯Åoë F Ä u0n7t r )�t>t>îTw�.
(Æ³T±f+�
m. � 57�YFÕG*y�U7O6OSD,34K�14Q�5fB�D<Z4?457KED K,FaA{3RL,U>OSO6D 34KE1RQ�5JBED�Z4?X5JKED,K¶5J348£B�?4D�8RD WIA{NÃ\;K�K�B[5JA{Q �

L,57KEDJ\CF ¹¨���·_ §V~ dEØT_ §�À ��g,_YÈ�° Fo±�	Tp q ³Tn7t r )�t�	Tn>w�.
(Æ³>³J+z��. Ä U��VD7F¿�R."
¿. è U>N{NC1 ¡ F·57348¥µ©.�yc. Ä 1 ¡ D 34KE�T�>F�GHy�U>OSO6D 34KE1RQ�5JBED�A{34L U>34OSO6D 34KE14QE5JB�D

K B�QE1RL B�1RQED,K�A{3½5Õ34U>34D É014A{NCA ¡ Q�A{14OìK��IK B�D,Oà\�F¨§�À ��g,_m¹Ç�iÁf_aÂm�ih¬hj_·°al Fop�	>³ r )�t�	>îTwi.
(Æ³Tpf+z��. Ä U��VD7F � .�9�.X�cN ¡ D Q�BMF457348��R.#
m. è U>NCN{1 ¡ F ^R_ | õ eI«¬�ÕÙ��[b À _mlRÏX¼ FYn7±7î r )�t�	7³Twi.
(Æ³�	J+�
m.ªy�U>14NCN{D B,FSGHy�U>OSO6D 34KE1RQ�5JBEDi��AC34L,U7O6OSD,34K�14Q�5fB�D�BEQ�5734K�ACBEA{U>3£AC3£34U>3RD,É014A{NCA ¡ Q�A{14O&K �PK��

BED,OSK,\�F¸§�À ��g,_m¹¨�iÁf_ªÂª�ihÃhj_·°Yë Fop>nJu q p>n>p r )Mt�	>³Tw�.
(Æ³>tJ+z9�.Æ=ò.Y�7U>3RD,K,FX��.���.Pµ¸?4U>O657K,FR57348½-z.P�cQ�D ��F�G*y�?X5JU7B�ACL©578RW7D,L BEA{U>3 ¡ �:N�57OSA{3X5JQ»ËXU��ÚAC3

5�B��¨A{K B�D,8àZ4ACZ�DJ\CF ^R_ | õ eI«¬�ÕÙ��[b À _�ÅXïo® FYî>îT± q î>±>p r )�t�	>tTwi.
(xp7vJ+2�<. Ä D è 14D,Q Fmyc.ªy¤57K�BED,N{57A{3]F]57348�-z.�
mD,D QE?4U>K�K�57AC34AjF ê �PZoD,Q�A{OSD,3TB[57N¿K�BE148R�¥U7�"L[?X5JU7B�ACL

578PW>D,LiB�ACU>3�AC3à5�B��¨ACK�BED,8�8R14L B¨ËXU��¶FX1434ZR1 ¡ N{ACKE?4D 8].
(xpP),+z�R.;-z. ê .ªy¤57Q�B��¨Q�A{�>?TB,Fª��.]ÌXD A{34�>U7N{8]F�57348��<.$
	ACQEU4F<G;�c3¥AC30BEQEUI8414LiB�A{U73�B�UsL[?457U7B�ACL�578P�

W7D,L BEA{U>3·\CF¨A{3 Ù£« Ý «Þ�IØ%��b À �Id�g[ù¤�7�o��hÃe ~ Ó e õ �i�·b[� F¨-�.]y�?X5fB ¾Dz57348 ê .XÑ2ACN{N{D QEO6571P� ê 8RK,.�F
� N{1T�VD,Q FY/2U>QE84D QED L[?0B r )Mt>t>tTw�.

(xp>nf+ ê .¨-�D QE3 ¾5J3484D � � è 57QEL ¾ð 5RF2��.Ç9R573���AC�>14D NjF m .¤µmU>QE57NjF�57348Ú�R.¤Ñ2A'&3457N{K F&G#��U7A{KEDÜ5J348
ZX5fBEB�D QE3�K�D,NCD,L BEA{U>36A{3ÕB�?4D�U>34D���84ACO6D 34KEACU>3X57No9I�¨A��ÞB���-�U>?4D 3 ¡ D QE��D É01X5JB�ACU>3]\�F»§"À ��gi«jbE� ô
ëal Fa)²±7t q )�³T± r )Mt>tTn>w�.

(xp7îJ+ � .x��. è U>QEK��7U�WoF Ä ."�z. � U>Q � A{34U�WoF¿��.xþ[. m 5 ¡ AC34U�WIA{L[?]Fª573R8 Ä .�9�.aµ¸KEACO6Q�A{34�4FsG m 5J3484U>O
Z4AC3434AC34�¸U7�PN{UILM57NCA � D 82K�B�5JB�D Km57348©B�?4D ¡ ACQ�BE?©U7�R8RD B�D QEOSA{34ACK�BEA{L�8RA{KEU7QE84D Q]�¨ACB�?RA{3©�>QE5784A{D 3TB
OSUP8RD,N{K \CF ^R_¿kYhj�7h¦_ §�À ��g,_]ÏPÈ Fa)�v>î7î q )�v7uT± r )�t7t7u0wi.

(xpJu7+z��.x��.���57NC�7U�WoF�GH9PZX5fB�A�5JN"L[?457U>K�AC3��VDM5J�IN���84A{K�Z�D QEKEA�W>D:57348�WIACKEL,U714K�OSD,84A{5Ráz5�34U>3I�
ZoD,Q B�14Q ¡ 5JB�A�W>D¶B�?4D Q��àU7�¿B�?4Dz84QEA�W>D,3 � 8RÑ�� � 14QE�7D,QEKÇD,É01X5fB�A{U73]\CFÇ§"À ��gi«jbE� ô ®Y° Fo³Tn q 	7v
r )�t>t>³Tw�.

(xp>±f+©Ñ�.H9�.T�Ç��Q�57ACO6U�WIA{L[?·FT��. � . ê|� D,Q�KE�T�>F4��.xþ[. m 5 ¡ A{34U�WIA{L[?]FI��.;�z.I9P?4D,Q�D,K�?4D WIKE�T�7FY57348S��. Ä .
ý·?4D N{D � 3T�T57�YF»G�/c�I3X57OSA{LM5JNR84D KEL,Q�A{ZRBEA{U>3ÕU7��KEZ45JB�A{57N484ACKEU>Q�84D,Q \CFª§"À ��gi«jbE� ô °YÄ FIî>îP) q î>î�	
r )�t>tTn>w�.

(xp7³J+z�R.;/<. è 143TB�U73]F0��.>9R573S��AC�>14D,NÃF75J348(
¿.�9�.T9P57?434AÃF·G�µ¸?RD¸8R�I3X57OSA{L,K¿U7�X�XQ�K�B	U>Q�84D,Q¿Z4?X57K�D
BEQ�5734K�ACBEA{U>34K F]A{3s§�À �fg��Çh ~ �7�Rgi«Þh¬«jdf�Rg2�7�o�Sb ~ «Þh¬«jbE� õ � À �i�·d ÷ �i�o� F·��LM5784D O6ACL�
�Q�D,K�K,F��ÇD �
�"U>Q�� r )Mt�	>îTw�.

(xp>pf+z�R.;/<.o��14Q�Q�5M�>F�A{3 Ù¥�7h À � ÷ �7h¬«jbE� õ º¨«jd õ dEØ7� F"9PZ4Q�A{34�7D,Q¤Ñ�D,Q�N�57�RF � D QEN{AC3 r )�t>t7îTwi.



)>)²n ã�ä ��� ä � åTæ�ç,è·é�*
(xp�	J+ m .ª��U>3TB�57�>34DJF ê .]-�D,Q�3 ¾57348RD � � è 5JQEL ¾ð 5RFa573R8¢��.ª9R573���AC�>14D,NÃF6G#��14OSD,Q�A{L,57N�K B�148R��U7�

5 Ä �T5JZ41434U�W:��1R34L BEA{U>3X5JN���U>Q"B�?4D2L U>OSZ4N{D�� è A{3 � ¡ 14Q��J� Ä 573484571�D,É01X5fB�A{U73]\CF	§�À �²gi«jbE� ô
®Yë FXu0p q ³>± r )�t>t7³Twi.

(xp7tJ+z��.a9R573Ü��AC�>14D NjF m .a�àU>3TB[57�>3RD7F]�z.·�cOSD,3R�>1X57NÃF·573R8 ê .·-�D QE3 ¾573R84D � � è 57QEL ¾ð 5RF�GH��14N��
BEA{Z4NCD¶��Q�U>3TBÇZ4QEU>Z457�T5JBEA{U>3½A{3�56ZoU7BED,3TB�A{57Na34U>3P�¦�>Q�5J84A{D 30BÇK �PK B�D O�F¸AC3 ���Rgih¦� Ó « õ «Þh¬«j�[g��7�o�
ö�df�·�Eü,eP« õ « Ó,~ «Þe ÷ kYh ~ eXbihÃe ~ �[g}ø F ê .aµ¸A{Q�5JZ�D �>14A�57348Ü=ò.mý·D,NCN{D Q ê 8RK,.�F � N{1T��D Q¶�cLM5²�
84D O6ACL)
	1 ¡ N{ACKE?4D QEK FY/2U>QE84Q�D,L[?TB r )�t7t>³Twi.

(*	>vJ+�
m.ay�U>NCN{D B,F�G;µ¸?4D QEOSUP8R�I3X5JO6ACLzNCA{OSACB¨U7�»BE?4D è A{3 � ¡ 14Q��J� Ä 573484571�D ÉI145JB�ACU>34K,\�F ö�df� õ «Þ�Xñ
�E� ~ «Þh¬��Ï Fa)7)²p>± q )7)�t>v r )�t>t7u0w�.

(*	R),+¶�z.Y/2UPD N{O6573]F0=ò. ê L[�0?X5J14K,F m . � 14KE�JD7Fo57348 m .X9PL[?4A{NCD,3]F¤G#��U734N{AC34DM57Q�8R�I3X57OSA{L,K¨5J348
ZX5fBEB�D QE3:��U7QEO65JB�ACU>3ÕA{36BE?4Dc345JB�14QE57NYD,3TWIA{Q�U>34OSD,3TBMFmA{3½§ �7h¬h�� ~ �¶ÖMd ~ ÷ �7hÃ«jdf�½«Þ�sgi�²gih�� ÷ g
df�½g��R�7hÃ«¬� õ õ �c�X� ~ «jd,�7«jb��Id ÷ �7«Þ�Rg Fª�z.4/2UID,N{O6573:57348s��.IWJ573½-c57Q B�D 3 ê 8RK,.�F Ä U>34�>O6573]F
r )�t>tT±>w�.

(*	Tnf+¶�z.�-�.+�c5M�0��D,?Ð57348 � . � 57N{57L[?X573R84Q�573·F¯A{3 `��T� õ «j�E�}�·df� õ «Þ�·�E� ~ �7�J�o� ÷ «jb[g FÚ=@ACN{Di�0�
þ�3TB�D QEK�L,A{D 34L,DJF,�ÇD �Ò�"U>QE� r )�t>tT±7wi.

(*	>îJ+�-�.%
¿U>AC34LM5JQ ¾D7FoA{3 Ù.-� ÷ df« ~ ��gie ~ õ �[g2b[dfe ~ Ó �[g��/-� 0��X«j�[gm�R� ~ õ �[g1-�,ü,e4�7h¬«jdf�RgÇ�7« 21-� ~ �i�Xh¬«j� õ õ �[g
��ñ3�Rø·ù Ô �iÁ ~�~ �4� F è 5J1RB�?4ACD,Q��¦Ñ2ACN{N{57Q,F�
¿57QEACK r )5	�	7vf�[)5	7t>vTwi.

(*	7u7+�-�.6
¿U>AC34LM5JQ ¾D7F¤GH9P14Q¸NCD,K ¾D ÉI145JB�ACU>34K¸84D©N{5<8R�I3X57OSA{É014D2DiB�NCD2Z4Q�U ¡ N87D O6Dc84D2B�Q�U>A{K¤L U>QEZRK,\�F
`cbih¦�6Ù¥�7h À _ªlI¼ Fa) q n>p7v r )5	>t>v>wi.

(*	T±f+�-�.9
¿U>AC34LM57Q ¾D7F A{3 Âª�[g ÷ �ih À d,�I�[g��·dfePÁ7� õ õ �[g½�I� õ � ÷ �[bE�7� Ó «¬ü,eX��b[� õ �[gih�� F è 571PB�?4ACD,Q �
ÑcA{N{N{57Q,F�
�5JQEA{K r )5	>t>tTw�.

(*	>³J+ ê . Ä U>QED 3 � F¿GH/2DiB�D,Q�O6AC34A{K B�ACL�34U>3RZ�D QEA{UI84ACLVËXU��¶\�F ^R_X`ch ÷ d�g,_�k]bi«¬_IÅXï FX)Mî>v q )MuR) r )�t>³7îTwi.
(*	Tpf+�/<. m 14D N{NCD�573R8ÜÌ�.·µ¿57�7D 34K,FÕGH�©3£BE?4D<3X5fB�14Q�D<U7��B�14Q ¡ 14NCD,34L D7\�F�ê d ÷<÷ _�Ù¥�7h À _ §"À ��g,_

ÅXï Fa)�³Tp q )�tTn r )MtTpP)²w�.
(*	�	J+�-�.�/<.xþ[.P� ¡ 57Q�8X5734D NjF m . � Q�U��¨3]FX�R.��R.49IA{84U>Q�U��¨A{L[?]FI57348 Ä .�9�.0µ¸KEACO6Q�A{34�RF�G�µ¸?RD©573X57N��IKEA{K

U7�¿U ¡ K�D,Q W>D,8�8X5JB[5�AC3àZR?0�IK�A{LM5JNaK��IK�BED,OSK,\�F ¹¨�iÁf_mÙ�d,�T_ §"À ��g,_oëo° Fa)�î7îR) r )�t7t>îTwi.
(*	>tJ+z��.·/2D,NCN{34A�B � Fo��. è U>N{1 ¡ ACBEKE�T�>F�57348£þ[.·��D N ¡ U>14QE3RD7FzGH��D L[?X5734ACKEOSK2U7��K��IOSO6DiB�Q ��L QED��

5JBEA{U>3·\CF}AC3 º¨« Ö�e ~ bE�7h¬«jdf�Î�7�o��gi� ÷<÷ �ih ~ � FVZX5J�4.»t>t q )�v>tRF � A{Q��I?�:5714KED Q<Ñ�D,Q�N�57�4F � 57KED N
r )�t>tTn>w�.

(Æt>vJ+©Ñ�.H��. ê �>1 ¾ð N{1 � F�
m.²�cN{K B�Q��>O�F ê .f-�D,Q�3 ¾57348RD � � è 5JQEL ¾ð 5RFJ57348��<.;
	A{Q�U4FYG��ÇW>D,QE57�>DVZX5JBEBED,Q�34K
U7�RKEZX5fB�A{UJB�D,OSZoU>Q�57NJL[?X57U>K ám5 ¡ U>14348457Q��©Diõ·D L B,\CFY§"À ��g,_P¹¨�iÁf_ Û °Y® F7n�	Tn7n q n�	Tn7± r )�t>t7tTwi.

(ÆtR),+ è .P��?4N{D QEK�57348 m .#
m. � D,?4Q�A{34�>D Q,F	G;µ¸?4D m 5��INCD,A{�7?P� �S¾D 3X57Q�8:A{3RK�B[5 ¡ A{NCACB���5J348:B�?RDcD W7U>N{1I�
BEA{U>3½U7�mB�14Q ¡ 14NCD,34L D7\�F¸§V~ dEØT_�× À �[d ~ _ §�À �²g,_¿kYe��T�·_oëXÈ Fa)5	7³ r )�tTp�	Twi.

(ÆtTnf+z9�.Py�ACN{A ¡ D,Q B�U¶573R8<
¿. � AC�T5 �8� AjFmG*9IZX5JB�ACUJ�¦BED,OSZ�U7Q�57NPA{3TB�D QEOSACBEBED,34Li��A{3 m 5��INCD,A{�7?P� �S¾D 3X57Q�8
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	?X57K�Di�¦�¨AC3484AC34�
K�U>N{1RBEA{U>3RKcA{3£5:�X34ACBED<L,U730B�57A{3RD,Q25 ¡ U�W>D<BE?4D<L U>3TW>D,LiB�A�W>D�B�?4Q�D,K�?4U>N{8·\CF ^R_ | õ eI«¬��Ù��[b À _
lIÅ�Ï Fa)²±>± r )�t�	>îTwi.

(*)�î7u7+ Ä .R9PA{Q�U²WIACL[?]FX�R.;/<. m UI84QEAC�>14D � FI57348 � . � 34A{�>?TB,F�G;µ¤�VU ¡ U>1R348X57Q �6WJ57NC14D�ZRQEU ¡ NCD,OSK"��U7Q
BE?4D è AC3 � ¡ 1RQE�4. Ä 57348X571½D ÉI145JB�ACU>3]\�F¸§�À ��gi«jbE� ô È�¼ FY³7î q p7³ r )�t>t>vTw�.

(*)�îT±f+�
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Û b[df�·d ÷ «jb©^Xdfe ~ �o� õ l0ïªl FopJ³�	 q 	>v7v r )�t>tP)²wi.
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(*)MuTtJ+�/<.I9IB�571Rõ�D,Q"57348S/<.I9PU7QE34DiBEB�DJF�GH9PD,N�����U>Q��T5734A � D,8�ZoD,Q�L,U>N{5JB�ACU>3�OSUP84D NR��U>Q	K B�UIL[��O:57Q��7DiB
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	ACQEU4.
9P1 ¡ O6A�BEBED,8�BEU�B�?RDÂ
	QEUIL,D,D 84A{3R�>K�U7�<¹ ¡D¢ ��¦ç�Ã ä � ä � ä �À�zç ¢ ½�Ä � ¢ �Å ¦7ä � ä ÃJæ ä8¦�¬ ¸ �¬æ ¦ §5� ¦ æÆ�J�
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