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]xw,qi�iw�hkt�t�r�j�hkjn�srujnh�m�hkt�r��sjYrut���qi��r�fbeb�-hkmY�*������h�hk��h�w��ihkj���h&qi�AhkjIfzr�w�qsj��QhkjI��ei��w,h��sl��ueb��r�qsj�tk�� ¡�nhplKt-h¢qi�
j*l���h�w,ru��ei�M��qzmnhk�ut�rut�jnq¤£¥t-h�hkj¦eit�eij§hkt�t�hkjI��ruei�<t-��eb�ih���qi���¨�Vqiw��K�?�*t�r���t�l�j�m�h�w,t-��eij�m�r�jn�Qeij�mG��w�hkm�ru����rufih
eb���K��ru��eb��r�qsj�t���©�h�£%rujbª�hk����r�qsj�t��-w,eb�-h��sr�hkt�l�t-hkm�ruj�«�r�hkt-hk�xqiwp�seit-qs�ur�jnh�hkjn�srujnhkt��-qi�ih����nh�w&£�r�����jnh�£¬��qs��^
�Kl�t���r�qsj¨t-�-w4eb�-h��sr�hkt�t�l��4�Geit¢ �¡� [p®S�qs��qi�ihkjnh�qslKt � ��ebw��ih � qs���Kw�hkt�t�r�qsj¨[��sjKr���r�qsjE¯¡��ekfih�w,r�t-hkj¨ruj?�-h�w�hkt-�
�Vqiw)°b«±eiln�-qb^vr��sj�ru��r�qsj²�Qq*mnhk��rujn�n�A©�h�£³eiln�-qb^vr��sj�ru��r�qsj²�Qq*mnhk��txw�hk���zrujn�&qsj²m�h���eiru��hkm��,�nhk�Qr�t-�-w��Qeb����w,qsei�,�nhkt
��egfih8eb����hkebw�hkm��M ¡�nh��¢ebw�h8l�t-hkm&m�r�w�hk��������qiwMr�jpe¡t-hk��r�^´w�hkm�l���hkmp�Uqiw4�Oruj¢fih�w,��t�ru���K�uhx��qs�p�KlKt-��r�qsjp�4��ei�&�'h�w
��qsjnµ��sl�w,eb��r�qsj�txeit¶mnhkt���w,ru�'hkm�rujQ���nh¡£8qiw�·&qi��o)ebw�����t�¸�¹Aºb»�¼�®�` {i{i{ ¯xqiw�½¢w,eb�V��¸k¹<ºb»�¼�® |b¾i¾i¾ ¯4�1�*��ebw���ruj��¢�Uw�qs�
���nhQ·zjnq¤£���hkmn�ihQqi�)�Sl��u���Gmnh���eiru��hkm¿�4�nhk�Qru��ei�¶��hk�,�Keij�rut��Qtka�f�ebw4r�qsl�t���h�����q*mnqs�uqi�sr�hktp��egfih���h�hkj���w,qi�'qst�hkm
�-q���eb�Kl���eb�-hÀ��qs�Q�K��h�ÁÂ�4�nhk�Qrut��-w��ia�ei��qsjn�¦£��Kru�,�3\A]x[À®S\<��ei��h�]xw�qs��qsj��seb��r�qsj3qi��[�ÃC«¢�Äa¶Å�ru��Æ*lnhk��¸�¹�ºb»�¼
® |b¾i¾i¾ ¯-¯4a�[��zÇ! È®V[Éjz^É�nr���l¨Ç�ln�-qb^vr��sj�ru��r�qsjG <eb�Kl���eb��r�qsj�aE]<qi��h�®�` {i{sÊ ¯-¯4a<\MÅ¢��®S\A�uei�Qhk��h���^ÉÅ�hkjnh�w,eb�-hkmË�¨eij�r�^
�Vqs�um�aIfbeijYÌ�r ª-hkj§¸k¹xºb»�¼�® |b¾i¾ `g¯-¯4�) ¡�nh� �½¢[!��q*m�hk�<®S <eb�Kl��ueb�-hkm�½�ruj�h���ru��txqi��[É�sj�r���ruqsj�a � qs��ruj§¸k¹xºb»�¼�® |b¾i¾s~ ¯-¯
l�t-hkmËruj����nh��Uqs�u�uqg£�ruj��Ymnh�fihk��qi�K��hkj?��tp�Keitp��qs�Q��qsjË�Vhkeb��lnw�hkt&£�r����¿\A]x[��Kl��prut¢qiw,ru�sruj�ei�u���§mnhkt�r��sj�hkm��Uqiw
eiln�-qb^vr��sjKr���r�qsjÀ��w�qz��hkt�t¡r�jÀhkjn�srujnhkt��
[�j¨����r�t�£8qiw�·'a'£8h��-hkt-�����nh�t-hkj�t�r���ruf*r����Àqi�x���nh�eiln�-qb^vr��sj�ru��r�qsjG�4��ebw,ei���-h�w,r�t-��ru��t��-q�e²«�r�hkt-hk�At�l�w�w�qi�seb�-h��Vlnhk�´�
«�hkt-�Kr��-h¢jz^v��h�����eijnh�rut)e��iq*q*m���eij�mKrum�eb�-h¢ruj��-h�w,�Qt)qi�A��h���eijnh�j*l��p��h�w)�-q�w�h���w,hkt-hkjI�¡«�r�hkt�hk��eiln�-qb^vr��sj�r���ruqsj
��qiw�h�w�h��Kw�hkt-hkj?��eb��r�fih��Vlnhk��t�t,�nqsl��umG��h���qsj�t,rumnh�w�hkm��¢\Ar�w,t������ia�e���r�Á*��l�w�h&��qs����qst-hkm¦qi�¶eij�ei��·�eij�h�eijKm§eij
ebw�qs�Qeb��r���rutx�Keit�ru��ei�u�u���-hkt��-hkm��x ¡�nhkj²r���rut¶��qs���Kebw�hkm²�-q�jn^v�nh�����eijnh�rujQ�nqs��qi�ihkj�h�qsl�t)��qsjnµ��slnw,eb��ruqsj�tx£�ru���
��qsj�m�ru��r�qsj�t�t�ru�Qru��ebw¡�-qÀ���nqst-h���h��¢rujY�Kw,ei����ru��ei�<hkjn�srujnhktk��\ArujKei�u���iaEt�qs��h�w�hkei�<hkjn�srujnh�£¶qiw,·*ruj�����qsruj?��t�ebw�h
��ei�u��l���eb�-hkm�£�r����À�Kl�w�h�jz^v�nh�����eij�h�eij�m����nh��Qr�Á*��lnw,h�lKt�rujn�����nhp �½¢[¶eb���Kw�qsei�,���
Í RSDM= : RU�IÎ�ÏÄZ�L<=zPVRSDMÐÄZEÑ�B¿�sZ'ÏÄ>APV=IÒ_ÓYRV=*Îk=*P)ÑÉ�C=zP

]xw4ei����ru��ei�p�Slnhk�utGt�l��4�Ôeit¦«�r�hkt-hk�&�Vl�hk�ut¨ebw�hÂ�&lK����ru��qs����qsjnhkj?�Geij�mÔ��qsj�t�rut��¨qi��t�lK�,�±eÕ��qi�§qi�Qm�r�Ö�h�w�hkj?�
�,��hk�Qru��ei��t��'hk��ruhkt�����eb�²eËmnh���eiru��hkmÕ��q*m�hk�urujn�¦qi�����nhGr�jIfiqs��fihkm×�,�nhk��ru��ei�¡w�hkei����ruqsj�tQ£�ru���Jt�lnØ���ruhkjI�Qei�Ù^
��lnw,ei���3rut�jnqi����qst�t,r��K��h�ln�_�-qÄjnq¤£��_\<ruw,t-��a�£8hY��qsj�t�r�mnh�wQe¦�Vl�hk�1�Qr�Áz��lnw�hÀ��qs����qst-hkm_qi��jz^vmnhk��eijnhYeij�m
Ú ^v��h����I�z�uj�eb�E�I����ei�uhkjnh&£���ru�,�G�K�?�*t,ru��ei�MeijKm§�4�nhk�Qru��ei�A�Kw�qi��h�w���r�hkt�ebw�h����uqst-h��-q�����qst-h�qi�¶e�w�hkei�<�Vl�hk�Meij�m
£���r��,��£)eitx��w,qi�'qst�hkm��Uqiw8«�r�hkt-hk�Keil��-qb^vr��sj�r���r�qsj�ruj���w�h�fzr�qsl�t!t���l�m�r�hkt�®So)ebw����Kt�¸k¹<ºb»�¼�¯4�x ¡�nh���qs���E��h�ÁQ��hk�,�z^
eij�rut,�¬�Vqiw)����rut)�Qr�Áz��lnw�h�rut)rut�t�lnhkm��Uw,qs�%����h�« � ] � ®S«Yyh��Eebw��-hk��hkj?��mnh � ��ru��r�h�]��?�zt�ruÆ*lnh�mnhkt � yhkei���-hkl�w,t�a
� © � �'a?\nw,eij���h¤¯4�� ��nh�jz^vmnhk��eij�h���hk�4��eij�rut��%��eitx��h�hkj��ihkjnh�w,eb�-hkm�£�r����Qeij�eiln�-qs�Qeb��r���ei���iqiw,ru�����Û�Vqiw¶�ur�jz^
hkebw�ei��·beijnh)qkÁnrum�eb��ruqsj���w�qi��qst-hkm��?�&Ü¿ebw����§¸k¹Mºb»�¼�®�` {i{i} ¯A£��nh�w�hkeit!����h Ú ^v��h����?�*��j�eb�K�?����ei��hkjnh1��hk�4��eij�rut��
eij�m²r���t���qsln�E�urujn�¢£�ru���Qjz^vmnhk��eijnh�rut!qiw,ru�sruj�ei��eij�m²��eitx��h�hkj²mnh�w,r�fihkm��Vw�qs�%e�w�hkei����r�qsj��Qeij�ru�Uqs�um�£�w,r��-�-hkjQ�-q
ei����qsl�j?�¡�Vqiw�ebw�qs�Qeb��ru�¢�?�zmnw�qz��ebw���qsj�t�®So8hk�u��h�·*·*r�¸k¹¶ºb»�¼ |b¾i¾s| ¯4�8 ¡��h�µEj�ei���Qr�Áz��lnw�h���hk�,�Keij�rut��"��qsj?��eiruj�t
° ~i} `�w�hkei����ruqsj�t¢eij�m�ÝiÝ { t-��hk��r�hkt�eij�m¦rut��Keit�r���ei�u���Yfbei�urum�eb�-hkm¦eb�seirujKt-��h�Á*��h�w,ru�QhkjI��t�ruj¦��qsj�t-��eij?�¢fiqs�ul��Qh
��qsjnµ��sl�w,eb��r�qsj�t�azt�l��4�²eit8���nqst�h���w,hkt-hkjI�-hkmÀruj²\Ar��n�¡`b�¶�z�nqz��·Q��l��'h�w�hkt�l��u��txqi�C]��Vei���!¸�¹xºi»�¼�®�` {i{ Ýs¯¶�Uqiw)�Kl�w�h
Ú ^v��h����I�z�uj�eb�E�I����ei�uhkjnh�ebw�h���qs���Kebw�hkmÄ�-qG��qs���K�uh�Á��4�nhk�Qrut��-w�����ei�u��l��ueb��r�qsjKt�eb�&��qsj�t���eijI��fiqs�ul���h�£���ru�4�
ebw�hÀw,l�jÄ£�r����Ë���nhY�*hkjn·zrujË��qzmnhi��«�w�qi�K��h���r��sj�ru��r�qsj¿w�hkt,l�����t&qi���¨qiw,rulnh�¸�¹�ºb»�¼Õ® |b¾i¾i¾ ¯�ebw,h�l�t�hkmË�-q¦�-hkt-�
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\Ar��slnw�h�`b� � qs���Kebw,r�t-qsj�qi�'mnhk�uek�ztA��ei�u��l��ueb�-hkm�£�r����p����h)��r�Á*��l�w�h¶��hk�4��eij�rut,�±eijKm&m�r�Ö'h�w�hkj?�A��hkeit�lnw�hk�QhkjI��t
�Vqiw¡�Klnw�h Ú ^v��h����?�*�ujKeb�K�I���Kei��hkjnhpeij�m�jn^vmnhk��eijnh�> Ú ^v��h����I�z�uj�eb�E�I����ei�uhkjnhi�

m�r�Ö�h�w�hkj?��jz^vm�hk��eijnh�> Ú ^v�Qh����I�z�uj�eb�K�?����ei��hkj�h��Qr�Á*��lnw,hkt��� ¡�nh��Qeiruj§ruj�m�lK����r�qsjYmnhk�ueg����ru��hkt�ebw�h���qs���Kebw�hkm
�Vqiw8jz^vm�hk��eijnh��Qqs�uebw��Vw,ei����r�qsj@?BA¢Ý ¾DC eij�m@?;A }b¾DC ruj�\Ar��n�¡`�®V�'¯4�x\nqiw)��qi������eit-hkt�az���nh��Qr�Áz��lnw�h���hk�,�z^
eij�rut,�"w�h���w�hkt�hkjI��t¡Æ*l�r��-h¢£8hk�u������hp��hkeit�lnw,hkm�f�ei��lnhkt¡eij�m¨���nhpruj��Kr��Kr���r�qsj��Vei���-qiw�qi� Ú ^v�Qh����I�z�uj�eb�K�?����ei��hkj�h
rut)£8hk�u���Vhkeb��lnw�hkmYm�hkt-�Kr��-h¢���nh���ei����l��ueb�-hkm¨m�hk�uek�zt1qgfih�w,hkt-��ru�Qeb�-h&���nh�h�Áz�'h�w4ru��hkj?��ei��w�hkt�l�����tk�
Ç��U�-h�w����nhkt�h���w�hk�uru��ruj�ebw��§f�ei��rum�eb��r�qsj�tka<£8hY��qs���Kebw,h�����h�w,hk�ueb��r�fih�mnh�fzrueb��r�qsjÂ��h��v£8h�hkj_���nh��Qeiruj3mnhk�ueg�*t
�Vqiw²�Kl�w�hGjz^v��h�����eijnhGeijKm×eË�Qr�Áz��lnw�h¨qi� Ê�¾1C fiqs�ulK��h��-w,ru�Gjz^vmnhk��eijnh¦eij�m×° ¾EC Ú ^v�Qh����I�z�uj�eb�K�?����ei��hkj�h
®�?BA Ê�¾FC ¯4�À ¡�nhQjn^v�nh�����eijnh��Qhk�,��eij�r�t�� rut�r�t�t�lnhkm¦�Vw�qs� ����h�« � ] � £�r����¦���nh²t�ei��h²ei�u�iqiw,r������ eitp�Uqiw
���nh�jz^vmnhk��eijnhY®VÜ¿ebw����Õ¸k¹�ºb»�¼ ¯4�&Ì¢jnh���eij§�K�uqi�����nh�m�r�Ö'h�w�hkjK��hkt���h��v£8h�hkj¦���nh�mnhk�ueg�*t��*�Yw�h���w,hkt-hkjI��r�jn�����nh
w�hk�ueb��rufih§mnh�fzrueb��r�qsjKt���h��v£8h�hkj³���nh§�v£8qJ��hk�,�Keij�rut��Qt�ei��qsjn�Â���nh§���nh�w,��qzmn�zj�ei�Qru�G��qsj�m�r���ruqsj�t����Keb�²qsjnh
�Qeg��h�Á*��hk�����-q§��h�h��&rujÄeYw�hkei�!hkj��srujnhi�À ¡�nh�mnh�fzrueb��r�qsjKt¢£���ru�4�¿ebw�hQ�E��qi�-�-hkmÄrujÄeÄ®3G�Hba IJHg¯�m�rueb�iw,ei���Uqiw
m�r�Ö�h�w�hkj?�¢��qs����qst�r���r�qsj�t�ebw�hQmKr�Ö'h�w,hkjI�����Gm�rut-�-w,ru�Kln�-hkm§ei��qsjn��ei�u�A���nh���qst�t�r��E��h&��qsj�mKr���r�qsj�t�����eb��£8h��-hkt-�-hkm��
Ü�h§f�ebw,ruhkmJ���nh§ruj�r���ruei�)�-hk�Q�'h�w4eb��lnw�hKG(HÄ®3G(HMLONdÝ ¾i¾0PRQ ` ~b¾i¾0PFS h�fih�w��Ô` ¾ ½&¯4a¶���nhGr�j�r���ruei�)��w,hkt�t�lnw�hTIJH
®UIVHWLXN�`�Y[Z]\_^ } Y[Z]\ S ¯4a8���nh���qs����qst�r���ruqsjËh�Áz��w�hkt,t-hkm3rujÂ�-h�w,�Qt�qi������h��s��qi�Kei�8hkÆ?lKr�f�ei�uhkj���h²w4eb��r�qa`
®�`bLcN ¾ed °f^J° S ¯&eij�mÂm�ru�ul���r�qsj¦�seit��Uw,ei����ruqsjhgji5k lÀ®�gji5k�lmLnN ¾1C ^ {b¾1CoS ¯4�¦Ç�jÄh�Ázhk���K��h²qi�¡���nh�w�hkt�l��u��t
qi����eiruj�hkmYrut)�K��qi�-�-hkm¨ruj�\Ar��n� | ®SeI¯8�Vqiw;`�A�`bapgji5k l�A ¾qC �
 ¡�nhQmKr�Ö'h�w,hkj���hkt�hkt�t-hkj?��ruei�u���§mnh���hkj�m¦qsj����nhQr�j�r���ruei�M�-hk����h�w,eb��lnw�hQeijKm����nh���w�hkt,t�lnw�h�ruj$rElnhkj���h�rut¢t��Qei��� �
©�h�fih�w����nhk��hkt�tkaC���nhQt�ei�Qh�mnh�fzrueb��r�qsj¦��h��v£8h�hkj��v£8qGmKr�Ö'h�w,hkjI����w�hkt,t�lnw�hkt�£�r��u�Cw,hkt�l����¢ruj�e���qiw,hQru����qiw���eij?�
m�r�Ö�h�w�hkj���h¦��h��v£8h�hkj³���nh¿mnhk��ek�ztÀ£��nhkj
���nh���w�hkt,t�lnw�h§rut���qg£ ®V�VqiwYruj�t���eij���hmIOl�j�mnh�w�°_�¨]AeI¯���hk��eil�t�h
���nh�m�hk�uek�zt�ebw�h��uqsjn�ih�wk�Q ¡�nhQmKr�Ö'h�w,hkj���hkt¢��h��v£8h�hkj¿���nh��v£8qY�Vl�hk�ut�ebw�h�hkt�t�hkjI��ruei�����§�uq*��eb�-hkmËruj�e���hkm�rulK�
�-hk����h�w,eb��lnw,h�w,eijn�ihiaA��h��v£8h�hkj Êb~b¾ ½6eij�m {b¾i¾ ½ ®S��q?qs�!rKei��h²w�h��sr�qsjE¯¢£���eb�-h�fih�w����nh²��w�hkt�t�l�w�h�rut��ÀÜ�h
jnqi��ru��hp����eb��mnh�fzrueb��r�qsj�t¡�'h���£¶h�hkjG���nh�mnhk��ek�zt���eijY��h�t�ru�sj�r�µK��eij?�¡eij�m�w�hkei�4�Ë` ¾i¾_C �Vqiw����nhkt-h&��qsj�m�r���r�qsjKt��
[�j����nhkt-h���eit-hkt�a<���nh²m�r�Ö'h�w�hkjK��hkt��Qek�¦��h�ru�Q�'qiw,��eijI��eitp���nh²mnhk��ek�zt�ebw�h²��ebw��ihi�� ��nhQmnh�fzrueb��r�qsj�t¢w4eb�Krum����
�Sei�u�Aeb�'q¤fih¨` ¾i¾i¾ ½È�-qYw,hkei�,��fbei�ulnhkt¢l�jKmnh�w�` ¾RC �� ��nhkt-h�qi�Kt-h�w,f�eb��r�qsjKt¢ebw�hQ��qsjnµ�w,�QhkmG�*�§���nh����ueit�t�ru��ei�
mnhk�ueg�Ä�K�uqi��t�eit�e§�Sl�j�����r�qsjÂqi����w�hkt�t�l�w�h�eijKmÂr�jIfih�w,t�h�qi�����nhÀ�-hk����h�w,eb��lnw�h�®St-h�hY\Ar��n� | ®V��¯-¯4�ÄÇ�t�e§w�h�^
t�l��u��aCqsjnh��Qek�¦h�Áz�'hk���&����eb�p����h��iq*q*mÄ��w�hkm�ru����ruqsj¦qi�1���nh�eiln�-qb^vr��sjKr���r�qsj¿mnhk��ek�zt&�uru·ih����nqst-h�qi�K��eirujnhkm¿�*�

|



0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6
10

20

30

40

50

60

70

80

1000/T

P
re

ss
ur

e 
(b

ar
)

−20

−
20

−
20

−20
−

20
−

20

−10
−

10
−

10

−10

−
10

−
10

−
10

−
10

−
10

0

0
0

0

0
0

10

10
10

10

10
10

20

20

20
20

20

20
20

50

50

50

50

50

80
−20

−10

0

10

20

30

40

50

60

70

80

������������� �
	���������

0.6 0.8 1 1.2 1.4 1.6

1000/T

0.01

1

100

de
la

y 
(m

s)

1MPa
1.5MPa
2MPa
2.5MPa
3MPa
4MPa
6MPa
8 MPa

�%/ ��������� ��	���������

\Ar��slnw�h | � � qs���Kebw,rut�qsj�qi�����nh�jn^v�nh�����eijnh�eijKmQ���nh��Qr�Áz��lnw�h¡jz^vmnhk��eij�h�> Ú ^v��h����?�z�uj�eb�K�?����ei��hkjnh�®�?BA Ê�¾DC ¯
mnhk�ueg�*t��Vl�jK����r�qsj�qi��` ¾i¾i¾ >� ¢�<ÃCh��U��� � hk�ueb��rufih�mnh�fzrueb��r�qsj�t¢��h���£¶h�hkjÄ���nh�mnhk�ueg�*t�qi�8����hQ�v£8q¨�Slnhk�ut�� � r��s�?�
�Q]�l�w�h�jz^v�nh��K��eijnh�m�hk�uek�¿��lnw,fihktÀ®St��*�&��qs�ut4¯�eij�mÂjz^vmnhk��eij�h�> Ú ^v��h����?�z�uj�eb�K�?����ei��hkjnhÀmnhk�ueg�¿��lnw�fihkt�®St-qs�ur�m
�uruj�hkt4¯4�

� h�fihkr��u��h²¸�¹)ºb»�¼¢® |b¾i¾ c?¯1£�r������Klnw,h�jz^v�nh�����eijnh¢�Vqiw��Kr��s�À�-hk����h�w,eb��lnw�h&eiln�-qb^vr��sj�r���ruqsj�£�ru�u��jnqi���'h�e�Ö�hk���-hkm��
Ü³�nhkjG�uqg£±�-hk����h�w,eb��lnw�h���hk�,�Keij�rut��Qt�ebw�h�rujIfiqs�ufihkmGt-qs�Qh�t-�-w,qsjn�²h�Ö�hk����t���eij§�'h&qi�Kt-h�w�fihkmG�*�¨�,�nq*qst�ruj��
eQjz^vm�hk��eijnh�> Ú ^v�Qh����I�z�uj�eb�K�?����ei��hkj�hp�Qr�Áz��lnw�hi�
� Ó =zDMÐERSDC=§ÎgRSÏ��<PUB : RVZEDMÎ

������ "!$#&%('*),+.-�/�¹�0�'213)4'65I¸�»

\nqiw���qs���Kebw4rut-qsj�t�£�r���� h�Áz��h�w,ru��hkj?��ei��hkjn�sr�jnhktYw�hkt,l�����t�a¢���nhÂ ¡½¢[�eiln�-qb^vr��sjKr���r�qsj ��qzmnhk�p��w�hkt-hkj?�-hkmÔr�j
� qs�ur�j³¸k¹pºb»�¼ ® |b¾i¾s~ ¯�ei�u��q¤£�rujn�§�-q���qgfih�w�e¦��w�qseim3w,eijn�ihÀqi�����nh�w,��qzmn�zj�ei�Qru����qsj�m�r���ruqsj�t��v�*�Kru��ei�8qi��r�jz^
�-h�w,j�ei�1��qs�&�Kl�t���r�qsj3hkjn�srujnhkt�r�t�l�t-hkm��3 ¡�nh� ¡½¢[���qzmnhk�1rut�ruj?�-h��iw,eb�-hkmÕrujÂ���nh��Vw,ei��h�£8qiw�·Âqi�87 � \!�G°:9
®�7!Áz�-hkj�mnhkm � qs��h�w�hkjI�1\A�uei��h¢�¨q*mnhk��^�°;9�qsj�hkt4¯���w�hkt-hkj?�-hkmÀruj � qs�uruj§¸k¹�ºb»�¼�® |b¾i¾ c?¯4�8Ü�h���w,r�h�rK�Qt�l��Q�Qebw4r<9�h
���nh���w,rujK��r��K��h8qi�=7 � \A�§°:9�£���ru�4��ruj?�-h��iw,eb�-hkt)���nh87 � \!� ®´�*�Eebw�·�[��sj�ru��r�qsj���qs�&�Kl�t-��ruqsjE¯!eij�m²���nh � \!�G°:9
®S«�r�hkt-hk�)��qs�&�Kl�t-��r�qsj'¯�eb���Kw�qsei�,�nhkt�ruj?�-q¦e§lKj�ruÆ*lnh�mnhkt���w4r�����r�qsj��§ Cq§w�h���w,hkt-hkjI�����nh��Qr�Ánrujn�¨w�h��sr�qsj�t�aA���nh
7 � \A�§°:9p��qzmnhk��rujK���ul�mnhkt8eQmnhkt���w4r�����r�qsj�qi�<���nh���qz��ei��t-�-w,eb��r�µK��eb��ruqsj��?�À��qsj�t�r�mnh�w,rujn�����nw�h�h¢w,h��sr�qsj�t¢�!qsjnh
w�h��sr�qsj²��qsjI��eir�j�txqsj��u���Elnw�h1�Slnhk�C®S\x¯4a?����h�t-hk��qsj�m²w�h��sr�qsjQ��qsj?��eiruj�t8ep��r�Á*��l�w�h1qi���Vlnhk�Keij�m�eir�w�® �§¯�eij�m����nh
����r�w4mGw,h��sr�qsj¿��qsj?��eiruj�t¢qsj��u�Geir�w�>?78Å � ®SÇ¢¯4�C«�lnw,r�jn��ruj�ª-hk����r�qsj�a����nhQh�fbeb��qiw,eb��r�qsj¦qi�)���nhQt-�Kw,ek�¦mnw�qi�K�uh���t
��hkeim�t¡�-q�eQt-qslnw4��h�qi�!�Qeit�t¡rujYw�h��sr�qsjY\8�K ¡��h¢�Vlnhk��r�j�w�h��sr�qsjY\3��h��srujKt)�-q��Qr�ÁÀ£�r����À���nh&eir�w&®V£�r����@7)Å � ¯
qi�Aw�h��sr�qsjGÇ±eijKm����nh��À�Uqiw4� eQ�Qr�Á*��lnw,h�rujÀw�h��sr�qsj§� ®So�yhkebw,mJ¸�¹)ºb»�¼ua |b¾i¾ °s¯4�¡ ��nh�eir�w�>A7)Å � >¤�Slnhk����r�Á*��l�w�h
��eij����nhkj�eiln�-qb^vr��sj�r��-h�rujQw,h��sr�qsj��Ä�*Ü
�nhkj²���nh�eiln�-qb^vr��sj�r���ruqsj�mnhk�ueg��rut�w�hkei�,�nhkm�az��qs�&�Kl�t���r�qsj�ruj�w�h��sr�qsjÀ�
t-��ebw���t)£���ru�,�À��hkeimKt¶�-q����nh��Vqiw,�Qeb��r�qsjÀqi�M�Klnw,j�hkmQ�seit-hkt¡r�j²���Krut�w,h��sr�qsj��x\nw�qs�È���Krut)ruj�t-��eij?��az���nh�w�h��sr�qsj��
rut1m�ruf*rum�hkm²ruj?�-q�l�j?�Klnw,jnhkmÀeij�mÀ�Elnw,jnhkm²�seit-hktB9�qsj�hkt���Ç�t1���nh¢�Vw�hkt��À�seit-hkt¡ebw,h¢qkÁnrum�rut-hkmÀ�*�²eil��-qb^vr��sj�r���r�qsj�a
���nhp��qi�1��w�qzm�l�����t)�Vqiw,��hkmYebw�h&eim�mnhkmÀ�-q�����h¢�Klnw,jnhkm��seit-hkt��Qr�Ánrujn��w�h��sr�qsj��
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\Ar��slnw�h�°*� � qs���Kebw,rut�qsj²qi�Amnh���eiru�uhkmÀ·*ruj�h���ru��t¢®´�*hkjn·zrujE¯�£�r����À ¡½¢[8��qzmnhk��ruj�w,eb�KrumÀ��qs���Kw�hkt�t�r�qsj���ei�,��ruj�h
®�` |b¾i¾ w,�K��aV`_A `bapg i5k l L�� ¾1C�� ° ¾1C�� ¯4�8 ¡��h� ¡½¢[8��eb�Kl��ueb�-hkm��Eebw,ei��h��-h�w,tp®����
	�a����a����� ¯8ebw,hpruj�m�r���eb�-hkm��
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 ¡�nh& ¡½¢[)��q*m�hk��w�hk�ur�hkt¡qsjY���nhÀº�� ��0 '���0���qsj�t-�-w,lK����r�qsjYqi�xeQmKeb��eb�Keit-hpqi�!w,hkei����r�qsjYw,eb�-hkt��Vqiw����nh&��w�qi�iw�hkt�t
fbebw,rueb�K��h"!��Vw�qs� ��qs���K��h�Á��,��hk�Qrut-�-w��¦t�ru��l��ueb��ruqsj�t��p[É����eit¢��h�hkj¦fbei�urum�eb�-hkm�r�j��nqs��qi�ihkjnh�qsl�tp��qsjnµ��slnw,e�^
��r�qsj�t&eb�seiruj�t-����qs���K��h�Á¿�4�nhk�Qrut-�-w,�¦eijKmÄeb���K��r�hkm¦�-qG����h�t�ru��l��ueb��r�qsj¿qi�¡��qsjIfihkj?��r�qsj�ei�8«�r�hkt-hk��eijKmÄ �¡� [
��qs�&�Kl�t-��r�qsj��8\Ar�w,t���a����nhp��q*qs� rKei�Qh&mnhkt���w4r�����r�qsj�rujK���ul�mnhkmÀruj����Krut�eb���Kw�qsei�,�G��qsj�t�rut-��t�rujYruj?�-h�w���qs�ueb��ruj���e
��q*qs�UrKei�Qh²mnhk�ueg�#� �$	 eij�mÄeG��q?qs�!rKei��h���qsj�t�l����K��r�qsj��Vw,ei����r�qsj%�  ruj����nh�m�eb��eb�Keit-hi�GÇ�t�ruj¿]¶r�w�hktpmKe
� w,l 9�® |b¾i¾ c?¯4a����nh���q*qs� rKei��h�mnhk�uek�Grut���ei����l��ueb�-hkm§���nw�qsln�s�§ruj?�-h��iw,eb��r�qsj§qi��eij¦ruj?�-h�w,��hkm�r�eb�-h�t-��hk��r�hkt'&)(¤�
 ¡�nh&�iw�qg£����Gw4eb�-h�qi�+*& ( rut��Kw�qi��qiw���r�qsj�ei�C�-q²���nh���q*qs� rEei��h�ru�sj�r���r�qsjYm�hk�uek�i��Ü³�nhkjGru��w�hkei�4�nhkt����nh�f�ei�ul�h
qi�!qsjnhia����nh���q?qs� rKei��h�mnhk�ueg�Yrut¡w�hkei�4�nhkm¦eij�mG���nh&��q*qs�8rEei��h&�Vw,ei����r�qsj#�  rut���qsj�t�lK��hkmYw,eb�Erum����i�1 ¡�nhkj�a
���nh��QeirujQr��sjKr���r�qsjQrut���q*m�hk��hkmQ£�ru������eb�Kl��ueb�-hkm�w�hkei����r�qsj²w,eb�-hkt,�� � eit8e��Sl�j�����r�qsjQqi��e¢��w�qi�iw�hkt,t�fbebw,rueb�K�uh-!¤�
 ¡�nh���eb�KlK�ueb�-hkm�m�eb��e�ebw�h�ruj�mKru��eb�-hkmÀruj²\Ar��n�K°���qs���Eebw,rujn�����nh�w�hkt�lK����t8�sr�fihkjÀ�?�²���nh���qzmnhk�'£�r����Àmnh���eiru�uhkm
·zrujnh���ru��t1ruj���qs��qi�ihkjnh�qsl�t��-hkt-����eit-hkt�®Vw,eb�Krum���qs�Q��w�hkt�t�ruqsj��Qei�,��r�jnh¤¯4�
. 0�)&-*»�ºi¹�0 '*1#��¸�/�-z»�¹�/

 ¡�nh²t�ru��l��ueb��r�qsj�t���h�w��Vqiw,��hkm¿£�r��������nh�[É\A]!^ � °b« ��q*m�h§®0/'qs��fih�w�¸�¹�ºb»�¼ua |b¾i¾ c?¯&ebw�hQ��w�hkt�hkjI�-hkmÂruj�\Ar��n�Ccn�
 1£8q¨m�r�Ö�h�w�hkj?��hkjn�srujnhkt�ebw,h���qsj�t�rum�h�w�hkm��Q ¡�nhQ��eiruj��,��ebw4ei���-h�w,rut-��ru��t&ebw�hQ�seb���nh�w,hkmÄruj� <eb����`b�� ��nh��Vl�hk�
ruj�ª-hk���-hkm³��eitÀ���nh�w,�Qq*mn�zj�ei�Qr��Y��w�qi��h�w���ruhkt²��qiw�w,hkt-��qsj�m�rujn�Ë�-q_eË�Kw,ei����ru��ei���Vl�hk� �%Ì�j����_����h§·zrujnh���r���t�r�t
�,�Keijn�ihkm±®Vhkru���nh�w����nh¨�Klnw�h¨jn^v�nh�����eijnhYqiw²���nhG��r�Á*��l�w�hF?BA Ê�¾hC ¯�eijKmJ���nh¨m�h���eiru��hkmÕ�Qhk�,��eij�r�t��QtQebw�h
���nqst-h��-hkt��-hkmÄruj§���nh���w,h�f*r�qslKt�t�hk����r�qsj���\Ar��slnw�h�cÄ®SeI¯���qs���Eebw�hkt¢���nh�h�Áz��h�w,ru��hkj?��ei�<��w�hkt�t�l�w�h���l�w�fih�qi�8e
�Kebw���r�ei�E��qseim�a*m�r��uln�-hkmG®�7)Å � A�° ¾1C ¯¶m�r�w�hk���8ruj�ª-hk����r�qsj²«�r�hkt�hk�Khkjn�sr�jnh�£�ru�������nh���w�hkt,t�lnw�h���lnw�fihkt)��qs���Kln�-hkm
£�r����§jz^v�nh��K��eijnh�eij�m¨£�r����§���nh���r�Á*��l�w�h&�Slnhk� �pÌ�j�h���eij¦t-h�h�qsj��u�Y�ur��-����h�m�r�Ö�h�w�hkj���h&qsj¦���nh�eiln�-qb^vr��sj�r���ruqsj
��w�qz��hkt�t��3\Ar��slnw�hÀcJ®V�'¯���qiw�w,hkt-��qsj�m�t��-q¿e� ��� [�®�7)Å � A ~b¾1C ¯�t-�K�ur���ruj�ª-hk����r�qsjÂhkjn�sruj�hi�Â ¡��hÀ��r�Á*��l�w�h
�Slnhk�Cmnhk��ek�Yrut���qsjn�ih�w����Keij¨���nh�jz^v�nh�����eij�h&mnhk�ueg��£���ru�4��aEr�j�����rut���eit-hia�t-h�hk�Qt��-q²��hpruj¨��h��-�-h�w�eb�iw�h�hk�QhkjI�
£�r����¦����hQh�Á*��h�w,r���hkjI���²Ì¢jnhQ��eijÄmnhkmKl���h��Uw,qs� ���nhkt-hQw,hkt�l�����t�����eb�&���nhQt�ru��l��ueb��ruqsj�t¢ebw�h���qiw,hQt-hkj�t�r���rufih
�-qÀ���nh�·*ruj�h���ru��t�r�j¨ �¡� [¡��qsj�m�ru��r�qsj�t�£��nh�w�h�mnhk�uek�zt�ebw�h�l�t�l�ei�u�u�À�uqsjn�ih�wk�� ��nh�lKt-hpqi��m�h���eiru��hkmGw�hkei����r�qsj�t
w�h���w,hkt-hkjI��eb��rufih�qi���seit-qsru�<�Vl�hk�Crut�hkt�t-hkj?��ruei�ArujG���nqst-h���qsj�m�r���r�qsjKt¡��hk��eil�t-h��uebw��ih�mnh�fzrueb��r�qsj�t�qi��mnhk�ueg�*t�eij�m
w�hkei����r�qsj²w,eb�-hkt8�Qek����h1qi�Kt�h�w�fihkm���h���£¶h�hkj�m�r�Ö�h�w�hkj?�xt�lnw�w�qi�seb�-h��Vl�hk�ut��AÇ)�¶����r�txt-��eb�ih�qi�'qsl�w¶mnh�fihk��qi�E��hkjI��a
���nh��,��qsru��h�qi��e¦t�lnw,w�qi�seb�-hÀ�Vlnhk�8����eb�Q��qslK�umË��eb���,�_��w4ei����ru��ei�)�Vl�hk�ut&r�jÂei����qi��h�w,eb��ruj��¦��qsjKm�r���r�qsj�t�jnh�hkm�t
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 <eb�K��hp`b�x�GeirujQ�Kebw4ei��h��-h�w,txqi������h�°b«O��qs���Eln��eb��r�qsj�t�®So)� 7�]
�Io8w�hkeb·��¨hkeij 7!Ö�hk����r�fih�]�w�hkt�t�l�w�h)^ � ]¶�
� � h�fiqs�uln��r�qsj�t1]<h�w��¨ruj*ln�-h�^�7)Å � � 7!Án��eil�t-��Å�eit � hk��r�w,��lK�ueb�-hkmE¯4�

�Slnw����nh�w¢ruj?fihkt-��r��seb��r�qsjKt��&[�j�mnh�hkm�a�jz^v�nh�����eijnhQ�Keit¢e���h���eijnh�j*l��p��h�wQ® � ©�� ��� A ~ Ýs¯�����qst-h��-q����nqst�h�qi�¶w�hkei�
«�r�hkt-hk�A�Slnhk�ut�£��Kru�,�¦�Qeb·ihkt&r��¢eÀ�iq?qzm���eij�m�rumKeb�-h��Uqiw�«�r�hkt-hk��eiln�-qb^vr��sj�r���ruqsj§�Qq*mnhk��rujn�n��Ì¢j¦���nhQ��qsjI�-w4ebw��
���nh���r�Á*��l�w�h ?;A Ê�¾ C hkjIfzrut�eb�ihkm²ruj�����rutA£8qiw�·���eitxe���h���eij�h�j*l��p��h�w!qi� � ©��	� � H A ~ °*� | mnh��-h�w,�Qruj�hkm��Uw�qs�
���nh���rujnhkebwx��qiw�w�hk��eb��r�qsjQqi��½�ei���s�Keb�-�srC® |b¾i¾s~ ¯4�¶ ¡�KrutAf�ei��lnh¡rutxei�ut�qp����qst-h¡�-qp���nh���h���eijnh�j?lK�p��h�w!qi����w,ei����ru��ei�
«�r�hkt-hk�¶�Vl�hk�ut�a<£���ru�4�Ërut&��qsj�t�rut��-hkjI��£�r����Ä���nh²w,hkt�l�����tpqi����eirujnhkmÂruj¿���Krut&t�hk����r�qsj�a!j�ei��hk��������h�t�ei�Qh���ru�s�
�-hk����h�w,eb��lnw,hY��hk��ekfzr�qslnw,t��Kln��mKr�Ö'h�w,hkjI���uqg£ �-hk�Q�'h�w4eb��lnw�h¨��hk��egf*ruqslnw,t�� 7!Áz��h�w,ru��hkj?��tQl�t�r�jn�¿m�r�Ö�h�w�hkj?�
�?�*mnw,q*��ebw���qsj§�Qr�Áz��lnw�hkt�w,l�j�jKrujn�Qqsj�eij§hkjn�sruj�h&�-hkt-�¢��hkj��4�§£¶qsl���mG�nhk�u�§�-q�mnh��-h�w4�Qrujnh�eÀ��q*m�hk�C�Slnhk�<�Uqiw
���nhpt,ru�&lK�ueb��r�qsj�t)eij�mYeij¨eb����w�qi��w4rueb�-h¢��w,r��-h�w,r�qsjÀ�-q��,��ebw4ei���-h�w,r<9�h&eil��-qb^vr��sj�r���r�qsj�eb����qg£ �-hk�Q�'h�w4eb��lnw�hkt��
\Ar��slnw�h ~ t���qg£�t�����h§�-hk�Q�'h�w4eb��lnw�h�µ�hk�umKt�r�j×����hÄ°b« ��qs���Kln�-hkm t-hk���-qiw§eb�����nh�qsj�t-h���qi����qs�&�Kl�t-��r�qsj
®S�Qe�Ánru��l�� ��w,hkt�t�lnw�h¢�iw4eim�r�hkj?��eb�V�-h�w�eiln�-qb^vru�sj�r���r�qsjGt-��ebw��4¯4��Ì�jnh&��eijGjnqi��r���hp����eb�����nh��-hk����h�w,eb��l�w�hpµ�hk��m
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