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K�LMK NPORQ.S�QUTWVWQ
XZY>[\[>]>[*^1_�`!a�`*b5Yc_d`3^fe=`3_dgdb�h7i#jdkf`Jl.mnb1[>j7g7o�pWe*Y*[>q�`3Y*gdadb1k�h9[>r1[tsWudj�`*e�v�b1_dgJo�w
sZu7j�`*e3v�b�_dgdb3lxgJ^fqEb1_7b1_dgdb\jdb5ytgdq�`�j�`*]*[*Y>zI{B|�`*udj7gdqEb1jU}~k�e>b�Y�e>z�hJv��Wadb�_P��k1e>b5Y�e>hJv��Cad�1_U{x�Z^��
qEb1_7b1_dgdb�k1[>k5Y>[!od_7g7o�v�`*qEud[>adh7g�b�k�Y>�\i#udj�`*e3v�b1_dgdb3{��Z^1_�`!a�`�v��>_7[ce>qEb�k�Y*[cY>b�jdqEgd_�`(�5i#udj�`*e3v�b1_dgdb>�
gdk�ud[fv��*^f[*e=`�v�[>k�����j7b1r�i�v�gdjd[*e=`*_dgdb>�3��g7^f_d`�ad`�v��>_d[7}��.`Pg�e�_�`3k�Y>[!oJ��b1b�e>jdb�q�oU}E[>]*�Bb�h7Y>[*q�_�`fi#hdg
ode�v�odb5Y>kGo�jdb1r5i3v�gdj7[>e=`*_dg7b�udj7[!�>[!y0�.b�_dg7o�Y>b;�7_7gdadb1k�hdgJ��udjd[>�7b1k1k�[>ed{
pWe3Y>[>q�`3Y*gdadb�k1h9[>b*l�u7jd[>gdk-�>[f��o7��b�b�]>b�^Zi#a�`3k�Y>gJo
adb5v�[>e>b1h>`7{���Y*[*Y0qE[>qEb1_JY&udjdgd_7�dgdudg�`�v�b1_Ul7qEz�]3i9�
�.b�q/^f`*_dgdq�`�Y>�>kGo&Y*b1[>jdg7b1�&i>k5Y>jd[>�7k�Y>e7}=h#[3Y>[>jdz�b�_7b�Y>jdb�]*i#�CY e>qEb5�&`3Y*b5v��>k5Y>e=`�adb;v�[>e>b�h=`WeZudj7[>�db1k�k
� i#_dhd�dgd[*_dgdjd[>e>`*_dg7o�{?�Ijdg7qEb1jUl.[>]>z�ad_7z���a�`*�7_dgdh(_�`0rG`�^f[>e>[*��uJv�g7Y>b ��� ode3vdodb�Y*kGo'`*e3Y>[>q�`3Y*gdadb;�
k1h7gdq�i*k�Y*jd[>�dk5Y>e>[>q�}�`(k1[*e>jdb1qEb�_d_dz�� �-v�b1hJY>jdgda7b1k1h7gd�¡�¢ode3vdodb�Y*kGo¤£¥[>_¦e>z�h#v��Wa�`3b�Y>kGo�kf`3q�}§]>b5^
i#a�`*k5Y>g7o�adb5v�[>e>b1h>`7}�h9[>rM�?`&^!`*hdg7u�`*b�Y=¨5{
m§b�[>jdg7o�l��.gdk��dgduJv�gd_�` ^f`*_dgdq�`3b�Y>kGotq�`3Y>b�q�`3Y>g7adb1k�hdgdq©[>udg7kf`*_dg7b1qªi*k�Y>j7[>�dk�Y*ed}J`�_7b«h9[>_7k�Y>jJiJh7�dgdb1�
i>k5Y>jd[*�dk�Y*ed}=h=`*h Y!`*h9[>e>z��?{3m§[Wb�k�Y*�d}>h9[>_dhdj7b�Y>_7z�b¬i>k�Y*jd[>�dk5Y>e=`�]*i���i9Y�j�`*k1k�q�`3Y>j7gde=`3Y*�>kGo0eWh=`!adb�k�Y*e>b
e>[*^1qE[!yt_dz��udjdgdqEb�jd[>ed}J_d[0gJ�Y*b5�J_dgda7b1k1h>`3o�jdbf`�v�g7^!`*�7g7ov�b�ycg7Y&^f`�udjdb;��b5v.`*qEg�h7i#jdk1`7{#® v�o
_�`3k
[>k�_d[>e>_dz�qEg�[>]*�Bb�h7Y!`3qEg�]*i���i9Yt]�v�[>hJ�¯k-�=b1qEzI}�i#j�`*e*_db1_dgJoU}�g7Y1�x{
°�hJiJj7k1b udjdb;��ud[fv.`*rG`3b�Y>kGo�j�`*k�k1qE[*Y*jdb�Y*�k-v�b;��iJ�«��gdb�e>[>udj7[>k1zIl
± {«²Wv.`*k�k1g � gdh>`*�dg7o�k1g7k�Y>b�q¡i#udj�`*e�v�b1_dgJo
³ {�®´g ��� b1jdb�_d�dg�`�v��>_dz�b�i#j�`*e>_db�_dg7o�}.h>`*h�k1ud[>k�[>]\[>udgdk1`*_dg7o�µ�p�s¶{��Ib1jdb·�?`3Y*[>ad_dz�b � iJ_7hd�dgdgU{
¸ {«X�`*k5Y>[*Y*_dz�b´g�e>jdb�qEb1_d_7z�b �*`*j�`*hJY>b1j7gdk�Y*gdhdg(�-v�b�qEb1_7Yf`*jd_dz���^fe*b1_d�>b�ecgv�g7_db1�d_7z���k�gdk�Y*b1q�{
¹ {�s�k5Y>[>�da7gde>[>k5Y>�
µ�p�s¶{�²IjdgJY>b1j7gdg�i>k5Y>[>�7adgde>[>k5Y>gU{
º {«�I[>h=`�^!`3Y*b5v�g�h=`!adb1k5Y>e=`0i#udj�`*e3v�b1_dg7o�{
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É�g7k*{ ± ldpCe*Y>[>q�`�Y>gdadb�k1h=`�o�v�[*e*i9��h=`

±



�Ib1jde>z�b0`3e*Y>[>q�`�Y>gdadb�k1hdg7b0i*k�Y*jd[>�dk5Y>e=`�qE[!yt_d[t[*Y>_db�k�Y*g�h9[
e>jdb�qEb1_�`3q�u7b1jde>[*]>z¬Y>_dz���v����.b1��{
sWy�bWY>[>rM�.`\k5i#�´b1k5Y>e>[>e>`�v�g�i>k�Y*jd[>�dk5Y>e=`J}.u7jd[>g7^1e>[1��o7�´gdbI^!`��?`3_d_dz�bC�.b��dk�Y*e>g7o�]>b�^Ii#a�`3k�Y>gJo�a7b5v�[3�
e>b�h=`7{�²ÊY!`*h7gdq�i*k�Y>j7[>�dk�Y*e=`*qËqE[!yc_d[&[*Y*_db1k5Y>g�gJ^f[>]>jd`3y&�1_7_dz���_d`0j7gdk�i#_dh9b ± qEb;�*`*_dg7^1q¡`*e3Y>[>q�`��
Y>g7adb1k�h#[*r1['h=`*u7h=`*_�`��Ìv�[>e*i9�´hdgU{B°Í_7�1qÎi9y&b\udjdgdk5i9Y>k�Y*e*i#�CY/Y!`3hdgdbtad`*k�Y*gÏk1gdk5Y>b�qEzÐi#udjd`*e3v�b�_dg7oU}
h=`*ht�?`�Y>adgdhÏ£ ± ¨�g�gdk�ud[fv�_dg7Y*b5v��>_7z��(qEb5�*`*_dgJ^fqÑ£ ³ ¨5{
°�[&e>jdb�qEb1_�`&b�r1gdudb5Y>k�hdgJ� � `*j�`*[*_d[>e�]>z�v�g
k1[*^;�?`*_dz�udb1j7e>z�b�jdb1r5i3v�oJY>[>jdz�i#jd[>e>_7otytg#��h#[*k�Y>g�{

pW_d`�v�[>r�gdad_dz���qEb5�*`*_dg7^1q�}Eg7^fe*b1k�Y*_dz��Ëud[1�Ë_�`3^1e=`*_dgdb�qÒ�5ud[>uJv.`3e>h9[>e>z�� hdj�`*_B��}�gdk1u7[!v��*^1i*b�Y>kGoËe
ud[>e*k1b;��_db1e>_7[>��ycg7^f_7gª£Ói#rG`��?`3�7Y>b rM�.b!¨;{

1

2

ÉEgdk3{ ³ lJ®´jdb1e*_db1b�r1gdudb5Y>k�hdgd�'ud[>u#v.`*e>h9[>e>z���hdj�`3_Ï£ ± �Ru7[>uJv.`*e*[>hU} ³ �RhJv.`*ud`*_�¨

Ô k1[>]>[«[>k5Y>jd[Ce>k�Yf`�v&e>[*udjd[>k�k1[3^5�?`*_7g7o´j7b1r�i�v�o7Y*[>jd[>eWudjdg´k�[*^5�.`*_dgdg�e>z�k1[>h9[*Y*[>ad_dz���i>k5Y>jd[*�dk�Y*ed}
e�u7b1jde*i#�Ò[*adb1jdb·�.���¢ad`*k1[>e7{U®�`3y�bc_db�]>[fv��*�´gdbe>[*^1q�i9��b1_7g7o©udjdg7e>[1�.gJv�g©hÏ_7b�Y>[*ad_d[>k5Y>gÏ�=[1�?`7{
|�`j7i#]>b�y�b&_�`3��b��/�1jdzÍ`*j�`*]*z�k�_�`*]���gJv�g/ud[>uJv�`*e>h9[>e>z�q�jdb1r5i3v�oJY>[>j7[>q¤i#jd[>e*_7o/e>[1��od_7z�b&a�`*k1zI{
Õ~�W�dr�b1_dk e ±!Ö=º>× r�[f��i
e>k�Y*jd[>gJv(e0a�`*k1zÎq�`3o7Y*_dgdh9[>e>z���jdb1r5i3v�oJY>[>j��=[1�?`7{
ØIb1_7Y*jd[>]>b5yt_dz�bcq�`3o7Y*_dgdh9[>e>z�b\jdb�r�i3vdo7Y>[*jdzÐe�k�jdb;�._7gdbte>b�h=`
jdb1r5i3v�g7jd[>e=`�v�gÏe�^f`*e>gdk�gdqE[>k5Y>g

[*Y\_�`*r�j7i9^fhdg��=[1�/e*[f��od_dz���q�i#h9[>qE[fv��>_7z���qEb5v��>_7gd�U{
ÙZ[*Y!o`*e*Y*[>q�`3Y>g7adb1k�hdgdbZjdb�r�i�v�o7Y*[>jdzÚud[!ode>g#v�gdk1�I�?`*e>_7[d}9[>_dgt_7bCud[*e3v�g7o#v�gt_�` � [>jdqEgdjd[*e=`*_dgdb

Y>b;�J_dgdhdg(g�Y>b�[>jdgdg�`*e*Y*[>q�`3Y*gdadb1k�h9[>r1[ti#udjd`*e3v�b�_dg7oU{
É§`3^1e>g7Y*gdb'udjd[>qEz¬� v�b1_7_dz���jdb�r�i�v�o7Y*[>jd[>e©_�`!a�`�v�[>k1��_�`ªj7i#]>b5y&b�ÛCÜZÝÞÝÞÝ&g ÛZÝ¯Ûßk5Y>[fv�b5Y>gd�U}�e

�1u7[!�#iPudjd[*qEz¬��v�b�_d_d[>r�[�udb�jdb1e>[*jd[*Y!`�e�àEe>j7[>udb*{x° ±�×*Ö=º r�[f��iP�0{á�&{B�I[!vd^1i#_d[>e>z�qÎud[>k�Y*jd[>b�_ªud[3�
uJv.`3e>h9[>e>z�� jdb1r5i3v�oJY>[>jËu7g7Y!`*_7g7o u�`*jd[>e*[>r1[Ph9[*Yfv.`7{R° ±�×*â ¹ r�[f��iª®{nsR`3Y*Y�ud[fv�i#adgJvËu�`3Y>b�_7YÏ_d`
�db�_7Y>jd[*]>b�yc_dz���j7b1r�i�v�o7Y*[>j(k�h#[*jd[>k�Y*g�u�`3jd[>e>[>��q�`3�´gd_dzI{
��Y>gÏj7b1r�i�v�o7Y*[>jdzH[*Y*hdjdz�v�gªu7i9Y>��u7[*Y>[>hJi/udjdb;�dv�[!y&b1_dg7�ªud[�udjdgd_7�dgdu�`*qÎjdb1r5i3v�gdj7[>e=`*_dgJoU{n°

��Y*[*YËu7b1jdgd[1�Êud[!ode>gJv�gdk1��jdb1r5i3v�oJY>[>jdz¢kPe>[*^;�.b1�dk5Y>e>g7b1qãud[ k1h9[>jd[*k�Y>gä£Ìµ�gdqEb1_7k!¨5}¶ud[�_�`*r�j7i9^fh9b
£Ì�I[>_7k1b5v�b!¨5}7k1b1j7e>[>qE[*Y*[>jdzÎkZy�b1k�Y*h9[>��[*]>j�`3Y*_d[>��k1e*oJ^f�>�ä£Ìå&`*jdh9[9¨5}7jdb1r5i3v�oJY>[>jdzÎkIr1gd]>h9[>��[>]*j�`3Y3�
_d[>��k1e3o7^f�*�´{
��`*jd[>e=`�oÚq�`3��gd_d` _dbPk-v�i#a�`*�7_d[¡k5Y!`�v.`¦[>]*�Bb�h7Y>[*qÐ��v�o�udj7[>qEz¬��v�b�_d_dz��Îjdb1r5i3v�oJY>[>j7[>e�Yf`*h

h=`*h
[*]3v.`��?`�v.`�k1ud[*k1[>]>_7[>k�Y*�>�Ê_db�i*k�Y*[>�dadgde*[cj�`3]>[*Y!`�Y>�d{���Y*[0k1e>[>�7k�Y>e*[\q�`���gd_dz�udjdg7e>[1�.gJv�[0h
Y>[3�
q�i>}~aJY>[�j�`3^fjd`*]>[*Yf`*_d_dz���jdb1r5i3v�oJY>[>jP^!`!a�`*k5Y*i#�æ[>h>`3^fz�e=`�vª[*]>j�`3Y*_d[>b´�.b1�7k�Y>e*gdb*{n° ±fâ>Ö>Ö r1[1��i�®t{
ç�`*h9k�e>b5vdv¡e/j�`*]>[3Y>bP� Ô jdb1r5i3v�oJY>[>jd`��U��g �&{áp�{è°�z¬�´b1r�j�`��.k�hdgd�Ñ� Ô ]'[>]3��b1�©Y*b1[>jdg7g�jdb�r�i�v�o7Y*[3�
jd[>e��>£ ±!â>×*Ö ¨ng�� Ô j7b1r�i�v�o7Y*[>j�`��cudj=o7qE[>r1[Z�.b1�7k�Y>e*g7oB�>£ ±!â=×>× ¨n�.`�v�g\k1gdk5Y>b1qE_7z��ud[1���=[1�
hcudj7[>]3v�b�qEb
g�^!`�v�[!ycgJv�g�[>k�_d[>e>z¤_d[>e>[>��_�`fi#hdgU{
°Íudb�jde>z�b&�.b1kGoJY>gJv�b5Y>g7o©ÛCÛæe*b1h=`
Y>b�[>jdg7oÏ`*e*Y>[*q�`3Y>gda7b1k1h9[>r�['jdb1r5i3v�g7jd[>e=`*_7g7o � [>jdqEg7j7i>b5Y>kGo

h=`*h&[*]*��b5Y>b5�J_dg7adb1k�h=`3o\��gdk1�dg7uJv�gd_�`J{9°¦u7b1jde>[*�\u7[!v�[>e>gd_db�ÛCÛÚe>b1h=`Zjd`3^fj�`3]=`3Y>z�e>`*�CY*kGothdj7g7Y>b�jdgdg

³



i>k5Y>[>�7adgde>[>k5Y>gPµ�pWÉn{
°�[¶e*Y>[*jd[>��ud[fv�[>e>g7_db�ÛWÛ¦e>b�h=`¬�dgdh#v�j�`3]>[*Y�é\{êµW{á�I[>_7Y*j9o7r1gd_d`7}!p´{èç�{ëé�b5Y>[>e>`7}�|&{è|&{á²�jd`*k1[>e*k1h9[>r1[7}

p´{ìp´{èå�b5v����.]=`fi#q�`¤k1[3^5�?`�ví[>k�_d[>e>z�Y>b1[*jdgdgí[*u7Y>gdq�`�v��>_d[>r�[�i#udjd`*e3v�b�_dg7oU{���Y*gÑ�.[>k5Y>g7y�b1_dg7o�}�e
a�`*k5Y>_d[*k�Y>g�}Ck�ud[>k1[*]>k�Y*e>[>e=`�v�gÚi*k1udb;�#i¤k�[>e>b5Y>k1h9[>�¤h9[>k1qEgda7b1k1h9[>�¤udjd[>r�j�`*qEqEzI{Cµã��Y>[*r1[ qE[>qEb1_7Yf`
_�`fi#h=`0k�Y!`3_d[>e>g7Y*kGo�Y*b1[>j7gdb1��`*e*Y>[*q�`3Y>gda7b1k1h9[>r�[ti#udj�`*e�v�b1_dgJo�g�jdb�r�i3v�gdjd[>e=`3_dg7oU{

K�LÌî ïÊÈ�TWÀWðCVZÄETZ¾�ñZò�TW¾�óÇÃ#ôRQ~õ�¾æöP÷�ø

P
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f(t) z(t)

x(t)

g(t)

ÉEgdk3{ ¸ l��Ijd[>k5Y>b1�J�&`3o�k-�=b�q�`

|�`cjdgdk5i#_dh9b ¸ g7^1[>]>j�`�y&b1_�`\]3v�[>h#�Þk-�=b�q�`ci>k5Y>jd[*�dk�Y*e=`
k�[>]*j�`3Y>_7[>��k�e*o7^1�>�ã£ÓY!`*hdg7qEg�qEzÊg�]3i9�
�.b�q��.`�v�b1b(^f`*_dgdq�`�Y>�>kGo�¨5{ Ô � [>]*�Bb�h7Y©jdb�r�i�v�gdjd[>e>`*_dg7o�}�ÉH� j7b1r�i�v�o7Y*[>jU}«ù�úÓûMü\_�`3]3v����?`*b�qEz�b
£¥h9[>_JY>jd[fv�gdjJi>b1qEz�bf¨ne>[*^1q�i9��b1_7g7oU}3ý�úþûMüU_db�_�`*]3v����?`*b1qEz�bZ£¥_db�h9[>_7Y>j7[!v�gdj7i>b�qEz�b!¨§e>[3^fq�i9��b�_dg7oU}!ÿ�úþûMü
i#udj�`*e�v�od�«��gdbt£¥e3�>[1�._dz�b!¨�udb�jdb1qEb�_d_dz�b*}��núþûMü¬e>z��>[1�._dz�b´u7b1jdb�qEb1_d_dz�b3{
Ô �._�`*h9[¡k�gdk�Y*b1q�`�i#udjd`*e3v�b�_dg7o qE[!y&b5Y¡g7qEb�Y>��gÎ]>[fv�b�b�k-v�[�yc_7i#� k5Y>j7i#h7Y3i#j7i>}Ze*[*^fqE[!yc_d[¦k

_db�k1h9[fv��>hdgdqEg'[*]>j�`3Y*_dz�qEg�k�e*o7^�odqEgU{.�IjdgdqEb�j�Y!`*h9[>�Ï£¥]>[fv�b�b�k-v�[�yc_d[>��¨¶k�gdk�Y*b1qEzÑudjdgde*[f��g7Y>kGo'_d`
jdgdk5i#_dh9b ¹ {�°�[>[*]*��b3}.]�v�[>hJ�¯k-�=b1qEz o7e3v�o7�CY>kGo�udjd[>qEb5yci9Y*[>ad_dz�q��5Y!`*ud[*qËqEb�y&��i
[>u7gdkf`*_7gdb1q�h9[>_J�
hdjdb5Y>_d[*�
µ�p�s�gcb��¶q�`3Y>b�q�`3Y>gda7b1k1h9[>�
qE[1�.b;v��>�Í£¥]�v�g7y&b�h\qE[1�.b5v�g�¨5{#|�`�j7gdk�i#_dh9b ¹ l ± �B^!`��?`3�C��b�b

1 3 4 5

7

6

8

2

−

g(t)
f(t)

ÉEgdk*{ ¹ l Ô ]*��`3o � i#_dhd�dgd[*_�`�v��>_d`3o�k-�=b1q�`tµ�p�s

¸



i>k5Y>jd[*�dk�Y*e>[d} ³ �«�-v�b�qEb1_7Y�k1j�`3e>_db1_7g7oU} ¸ �¶i>k�gJv�g7Y*b5v��d} ¹ �«ud[>k-v�b·�.[>e=`3Y*b5v��*_d[>bth9[>j7jdb1h7Y*gdj7i#�C�´b1b
i>k5Y>jd[*�dk�Y*e>[d} º �Cgdk1u7[!v�_dg7Y>b;v��>_dz��¦qEb;�>`3_dg7^fq�} Ö �C[>]*�Bb1hJY�} × ���?`3Y*adgdhU} â �Cu�`3j�`�vdv�b;v��>_d[*bch9[>jJ�
jdb�h7Y>gdjJiJ�«��b�b´i>k5Y>jd[>�7k�Y>e*[d{
°Í�5Y>[>�Ïk�[>e>jdb�qEb1_d_7[>�Ïk-�=b�qEbudjdg7k�i9Y>k5Y>e*i#�CY'�.e=`��·�.[*gdk�Y*[>jdgdadb�k1hdg#�~��-v�b�qEb1_7Yf`��Â�.`3Y>adg7h©g
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