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q(w�Ä0x�wYq�m�v4w�m�v���m�v4wYv�g(p�x{pYk���q(w�~�vjz�x�v4z
q�g���x�ilk���g ­ ~�v4wY��z�x{ãFx{|}k
v4g(pYq ° �����~�v&z�xB��v4z
q�i�k�~�x�~����4�T�Kx�i�v�z�v�mnx�ilk���gZ��í��yv4gH~�q�wÆk
g!w¯pnx{g(pYvFwÆ~�k�w¯p�k
g(p�q�w4��u�x�~�x�o�g�q�~�v�z�q�wsÄ0x�wYq�m�v4w���xx�~�v4z�x�g�pnx�~�q ¦ � � ��
�� i�q�g m�v4wY��v4i�p�q=x�z9x�g�p�v�m�k
q�m4����q�m�z
q,��o�vÍg�o�g�i4x&wYvÍv4g�ilq�g(pYmnx{mnÕ{gB~�q�wbÄ0x�wYq�m�v4wQv�gv�zR|}k�w�|}q�ilo!x�~�mnx{g(pYv��(6äw�pYvsi�q�g�Ò¯o�g(p�q�~�v�Ä0x�wYq�m�v4wÐ��k
mnx}ilq�g���v�z�q�i�k�~�x�~,x{g���o�z�x�m ü ���=wYv�|jx{g(pYk�v�g�v�v�zÕ{g���o�z
q}v4g�p�mYv�v4z
z�q�w4� - o�wÐ��m�q���vFi�i�k
q�g�v4wÐwYq���m�vQv4zRv¯Ò¯v	� ~�v���v�gBw�v4mh~�vswYk
��g�qjilq�g(p�m�x�mYk�qÆ��x�m�x}i�o�|}��z
k�mz�x�wNilq�g!~�k�i�k
q�g�v4wN~�v�z�v�g�o�g!ilk�x�~�q ­ Ä�o�g�ilk���gBilq(w�v4g�q ° �
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Á.k���o�mYv Î Ì6�g�z�x>@���o�m�x Î Ó k�ã4�(o�k�v�mn~�xÆ��v�|}q�wÐ�(o�v�z�q�wÅÄ0x�wYq�m�v4w�v4z
q�g���x�ilk���g&�&��v�z�q�ilk�~�x�~�pYk�v�g�v4gBw�o�wÐ��mYq���v4i�i�k
q�g�v4ww�q���mYv
�÷~�vÆw�k���g�q�q���o�vFw¯p�q���wYkáp�o�x�i�k
��gB��o�vsw�vsm�v���káp�vsilo�x�g�~�qjv�zRÄ0x�wYq�mNv�z�q�g���x�i�k
��g=vFw¯p���v�gBv4zRpYv4m�i�v�milo�x�~�m�x�g(pYv��6�g z�x�@���o�mnx Î ÓÔ~�v�m�v4inò!x}��v�|}q(wb�(o�vÆz�q�wbÄ0x�wYq�m�v4wh��v�z�q�ilk�~�x�~;��x�ilv4z
v4m�x�ilk���g,pYk�v�g�v4g wYo�wb��mYq���v4i�i�k
q�g�v4w
� ~�v@w�k���g�qØilq�g�p�m�x�mYk�q��NwYkáp�o�x�i�k
��g �(o�v�wYv m�v���k
pYv@ilo�x�g�~�qHv4zbÄ0x�w�q�m&��v�z�q�i�k�~�x�~Sv4w�pY��v�g v4zQ��mYk�|}v�milo�x�~�m�x�g(pYv��¨6äw�pYq&wYo�i�v4~�vsi�o�x{g�~�q�z�x}v4z
q�g���x�ilk���g�w�vÆv�g�i�o�v�g(pYmnx���mYvFw���v4ilpYk���x�|}v�g(pYv���v�gBv4z.wYv���o�g�~�qjqv�g�v�zRi�o�x{mYpYqjilo!x{mYpYq�wÐ~�v���v�m�k�q�~�q��TåTq�mÐp�x�g(pYq
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® �26�zZ~�vFw���z�x{ãFx{|}k�v�g(pYq��&z�x���v�z�q�ilk�~�x�~,wYq�g�~�v�w�k���g�q}q���o�v4w�pYq}v4g,z�q�w ®�
 �&¿ 
 i�o�x{mYpYq(w�~�v��!v4mYk�q�~�q��Î �NtZx���v4z
q�ilk�~�x�~&��z�x}x�i�v�z�v�mnx�ilk���g,w�q�g,~�vsw�v4g�p�k�~�q}i�q�g(pYmnx{m�k�qÆv�g�z�q�w Î 
 �&Ç 
 ilo!x{mYpYq�wÐ~�v���v�m�k�q�~�q��¿��NtZx�v�z�q�g��(x�i�k
��g���z�x�x�ilv4z
v4m�x�ilk���g&wYq�g�~�v�w�k���g�q}i�q�g(pYmnx{m�k�qÆv�g=pYq�~�q}|}q�|}v4g�p�q�����q�mhwYv�m�Ä0x�wYq�m�v4wÐ~�v�wYv�g(pYk�~�q(wq���o�vFw¯p�q�w ­ v4w�pYq}|}k�wY|}q}wYv���o�vF~�v�~�v4~�o�ilk�mb~�v�z�x}mYv4z�x�ilk���g�� � ª ü ô�� ° �
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����#�$��&%�'('()ÿ a \�aád�t.xÍ��v�z�q�ilk�~�x�~�~�v���mYq���x{�(x�ilk���g�~�v�z�x�w�q�g�~�x�wÅp�m�x�g�w���v�mnwYx�z
vFw�v4g=o�g!xÍi�o�v�mn~�x�~�v ® | ~�v�z�q�g���k
pYo�~���i�q�g,w�o�wv��(p�mYv4|}q�w ­ � ·÷¾�| ����· ® | ° @{Ò¯q�w4��v4wb¿ Î ¾ È÷É ¡lÊRË �
® �F$bv�pYv�m�|}k
g�v���Ò¯o�w�pYky@!i4x{g�~�q�z�x&m�v4wY��o�vFw¯pnx��Ri�o�Õ{z�v4w�~�v�z�x�w�w�k���o�k�v�g(p�v4w�vl����m�v4wYk
q�g�v4w4�ImYv4��m�v4wYv�g(p�x�g;q�g�~�x�w�v4w�p�x{Óilk�q�g�x�mYk�x�w�v�g�~�k�inò�x}ilo�v4m�~�x��
Î �26�g�z
q(wNi�x�wYq�wÐx[@�mY|jx{pYk���q�w4��k
g!~�k��(o�vs�(o���x�mY|}��g�k�i�q�wÐw�v�ò�x�z
z�x{g,��m�v4wYv�g(pYvFw��

x °�� � ��� ��� � ��¤ ��¨Z¡���� � �{¦ � � �l (¡ � ü����{¦ ���� °�� � ��� ��� � ��¤ ��¨Z¡���� � «�¦ � � �l (¡ � ¨F£�����¦ ���i °�� � ��� ��� � ��¤ ��¨Z¡���� � ¦ � ª ������¦ ���~ °�� � ��� ��� � ��¤ ��¨Z¡���� � ¦ � � ¡���� � �����{¦ ��� õ ��¤ ���(�y¡���� � £{¦ � � �l (¡ � ¨4¥����{¦ ���v °�� � ��� ��� � ��¤ ��¨Z�� �¡ � ��¦ � � ¡���� � £����{¦ ���
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X9ÛjÜÅ*�ÝÍÞ4ß�à
åTx�m�xb��o�v�z�x�wRq�g�~�x�wZv�gsz�xhi�o�v�mn~�xhwYv4x�g�q�g�~�x�wRvFw¯pnx�ilk�q�g!x{m�k�x�w�ilq�g�z�q�wZvl��pYm�v�|}q(wK@{Ò¯q(wZwYvä~�v���vÐilo�|}��z�k
mFÌ
� �
� � � ��� ���

� ¨ � ��� �8� ilq�|}q�i�q�g�wYv4i�o�v�g�i�k�x}~�v�p�v�g�v4mhz
q(wÐvl��pYm�v�|}q(w�@�Ò¯q�w4�
� v4g@z�x,Ä�o�g�i�k
��g � � ��� ��� g�q;~�v4�!v�x���x{m�v4i�v�m�v�zyp���m�|}k
g�q;~�vj��mYq���x{�(x�i�k
��g 8 vFw�~�v4i�k
msz�x�w�Ä0x�w�vFw�g�q��o�v4~�v4g�wYv�mN~�v4z�pYk���q ü��  7 � �
� z�x�w�Ä�m�v4i�o�v�g�i�k�x�w ü p�k
v4g�v�gB�(o�v�w�v4mN|ÆÏ�z
pYk���z�q�wÐv4g�p�v�m�q�wN~�v�z�x�Ä�mYvFilo�v4g�ilk�xÆÄ�o�g�~�x�|�v4g(p�x{z ü û �BS��x{mYpYk�m�~�vÐz�x���mYk�|}v�mnxQi�q�g�~�k�ilk���g���v4|}q�wT�(o�vNz�x�v�����mYvFw�k���g ­ v ° g�q�mYv4��mYvFw�v4g(p�xQz�x�q�g!~�x�v4w�p�x�i�k
q�g�x{m�k�x~�v�z9v�g�o�g�i�k�x�~�q�����o�vFwhpnx{g(pYq&��x{mnx � �²� ilq�|}q��!x{mnx � � ¨ È v�zTilq(w�v4g�qj��x{z�v æÍ® ��~�x�g�~�q�o�g ��x{z�q�m~�v � � � � ��� �!�

� ¨ � ��� "� � �B ��x�m�p�k
m�~�vÆz�x�wYv���o�g�~�x�i�q�g�~�k�ilk���gB��v�|}q�wb��o�vÆz�xjvl����m�v4wYk
��g ­ i ° p�x�|}�!q�ilq&v4wh��Õ�z
k�~�x�����o�vFwbz�x}Ä0x�w�vilq�g(p�k
v4g�v�v�z�p���m�|�k�g�qj~�v���m�q��!x{��x�ilk���gR�åTx�m�xÃ��v�m�i�o�Õ{z�v4w=~�vBz�x�w�m�v4w�p�x�g�p�v4w}v�����mYvFw�k�q�g�vFwjw�v�x�Ò¯o�w�p�x�gSx�zhv�g�o�g!ilk�x�~�q!�Ð~�v���v�|}q�w=i�x{z�ilo�z�x�mjz�xÄ�mYvFilo�v4g�ilk�xj~�v�z.|}q�~�q}Ä�o�g�~�x�|�v4g(p�x{z��¨6�gBv�z.|�q�~�q}Ä�o�g�~�x{|}v4g�pnx{z.v�g(pYm�v�z
q(wh~�q(wNvl��pYm�v�|}q(w ­ ilv4mYq(wh~�vx{|}��z�káp�o�~ ° ò�x��=o�gBw�q�z
qj|jÕ{��k�|}q 8 vFwh~�vFilk�mb�(o�v�z�x}z�q�g���k
pYo�~�~�vsq�g�~�x�1$# �Â�&% wYk
v4g�~�q % z�x}z
q�g���k
pYo�~~�v�z�x}i�o�v�mn~�x��yt.xÆÄ�m�v4i�o�v�g!ilk�x�~�v�zR|}q�~�q�Ä�o�g�~�x�|}v�g(p�x�z6�ü ûQ� �{¦ � ûQ� �{¦ .1 û � ¦ .% ���(�{�{¦ ��
���� ¡- ��z�qÆv4g�z�xÆvl����m�v4wYk
��g ­ � ° x{��x�mYvFilvho�g�x�Ä�m�v4i�o�v�g�i�k�x ¨4£����{¦ �(o�vbvFwä|ÍÏ�z
pYk���z
qÍv�g(pYv4mYq�~�v �(�{��¦ ���}v4wÅv�gilq�g!w�vFilo�v4g�ilk�xÆz�x}Ï�g�k�i�x�v�����mYvFw�k���g=��Õ�z
k�~�x��Y6�gBilq�g!ilz�o�w�k���g
® �NtZx�vl����m�v4wYk
��g ­ � ° m�v���m�v4wYv�g(p�xÍq�g!~�x�w�v4w�p�x�ilk�q�g�x�mYk�x�wÅv�g�z�x}ilo�v4m�~�x��Î �NtZx�vl����m�v4wYk
q�g ­ � ° ilq�g(pYk�v�g�v�v�z�Ç 
 x{m�|}��g�k�ilq ­�� ã ª ¨Q� � ¨4£����{¦ � � � ���{��¦ � ª ¨b�0'(° �

��'��
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����#�$��&%�'('()ÿ a�^RaádF6�gBo�g;~�v�pYv�m�|}k
g!x�~�qj~�ñ�xj~�vsk�g��(k�v�m�g�q!��z�xji4x{��x�|jÕ�wN�!x�Ò�xj~�v�z�xjx�p�|��(w¯Ä�v4m�x���~�v�v4wY��v4wYq�m Î ¾�¾Í|,��pYk�v�g�vÆo�gñ�g�~�k�ilvj~�vjm�vlÄ�mnx�i4ilk���g�~�v ã Ë � ¨�¤ � �R�;��q�mÆv�g�i�k
|jx�~�vjv4w�x�x{z
pYo�mnx=v�z�ñ�g�~�k�ilvjvFw ã ô � ¨ ��fhgÃq���w�v4mY��x�~�q�m�v�gÃv�zwYo�v�z�qÍ~�k
��k�wYxÆo�g�x�x��(k�q�g�vlp�xÆ��o�vQ��k�x�Ò�xsò!x�ilk�xsz�xsk�ã4�(o�k�v�mn~�xÍxÆz�qÆz�x{m���q�~�v�zIv¯Ò¯v(�Æ��i�o�x{g�~�qÆ|}k
mnx�ilq�g&o�g=Õ�g���o�z�qÍ~�v��� û ò!x�ilk�x�z�x,~�v�m�v4inò�x�mYvFw���v4ilpYq=~�v}wYo;��v�mYpYk�i�x{z���fhg@|}k
g�o�p�q,~�vFw���o��4w4�Iv�zTq���wYv�m���x�~�q�mb��vÆz�x=x���k�q�g�v�p�x�wYq���m�vÆ�4z6�- k�v�Ä�v4ilpYÏ�xjwYo=��o�v4z
q�x���v�z�q�i�k�~�x�~&i�q�g�w�p�x�g(pYv��&x}o�g�x}x�záp�o�m�x>@{Ò�x}~�v ® ¾�¾�¾Æ|��

l1 l2

n  = 1.21

h = 200 m30

β

1000 m

0 A

B

n  =1.0
2

Á.k���o�mYv�¿�Ì
® �hÑ�uÅo!Õ{zRvFwÐz�x���v4z
q�i�k�~�x�~=~�v�z�xjx���k
q�g�vlpnx�ÖÎ � - k�z�x�x���k
q�g�vlpnxsv4|�k
pYv�o�g=pYq�g�q}~�v�Ä�mYvFilo�v4g�ilk�x � û ��mnx{ã�q�g�vbv4g,�(o���k�g�w¯pnx{g(pYv�~�v4z�k
g(pYv4mY��x�z
q}~�vQpYk�v�|}�!q*) ¾�� +�¾&,w�v4��o�g�~�q�w�z�x�Ä�m�v4i�o�v�g!ilk�xÍ��v�mnilk���k�~�x��!q�mNv�zRq���wYv�m���x�~�q�m�v4wÐ|jÕ�wNx{��o!~�x��
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® �buÅo�x{g�~�q�z�x}x���k
q�g�vlpnxÍwYv�v�g�i�o�v�g(pYmnxÍv�g.- ­ @���o�m�x�¿ ° v4z�q���wYv�m���x�~�q�mÅz�x���v���x{Ò¯q�o�g,Õ�g���o�z�q}ilq�g,z�xÍ��v�mYpYk�i�x�z~�v�¿�¾ û ��6äz�m�x���qs��m�q�i�v4~�v4g(pYvQ~�v	-÷ilq�m�pnxÆxÍz�x�w�o��!v4m�@!i�k
v�~�v�w�v4��x{mnx�i�k
��g}v�g(pYm�vQz�q�wÐ~�q(wä|}vF~�k
q�v�g=v�zI��o�g(p�q
/ ��Bb��z
k�i�x�|}q�w�z�x}z�v��=~�v�z�x�m�vlÄ�mnx�i4ilk���g&v4g�v�z���o�g(p�q /ã Ë ¡��0�21Ã� ã ô ¡��0�23xÍ�!x{mYpYk�mh~�v�z�x}i�o�x{z���q�~�v�|}q�wNi4x{z�ilo�z�x{m 3 Ì

¡����23�� ã Ëã ô ¡��0�4165�¡��0�23�� ¨�¤ �¨ ¡��������s� ��¤ £73 �0��£�¤ ü û
¼bx�w�p�xÆz
z�v��(x{m�xsz�xs��v4m�p�k�i4x{z!mYvFilq�m�m�vNo�g�xÆ~�k�w�p�x�g�ilk�x %Z�8% Ë õ % ô � ; � ���{���:9 
 �¨��� õ ¥����:9 
 �2��£ � ü ~�v�~�q�g�~�vw�v���o�vF~�vs~�vFw���v¯Ò�x�m ; Ì ; � �����:9 
 �2��� õ ¥����;9 
 �2��£ � ü£�� � ¨F� È É ¡ ÊRË
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Î �F$bvFwY~�vÆv�zR��o�g�p�q�-´ò�x�w�p�x}z�x}��v4m�p�k�i4x{z���z�xjx���k�q�g�v�p�x}wYvsx�ilv4m�i4xÍx�zRq��!w�v4mY��x�~�q�m ­ z�xj~�k�w¯pnx{g�i�k�xj~�vFilm�v4i�v�i�q�g�v�zpYk�v�|}�!q ° ����q�mbz
qj�(o�v�z�xÍÄ�m�v4i�o�v�g�i�k�x���v�mnilk���k�~�x}v4w� â � � û .. ª ;>=~�q�g�~�v ; = vFwÐz�x}i�q�|}�!q�g�v�g(p�v�~�v�z�x���v4z
q�i�k�~�x�~=~�v�z�xjx���k
q�g�vlpnxÆv4g=z�x}~�k�mYvFi�ilk���g�x{z�q���wYv�m���x�~�q�mF��~�x�~�xÍ��q�mFÌ; = � ;@?BA ã 1BN��o�ñ6� ; v4wQz�x=��v4z
q�i�k�~�x�~B~�v�z�x=x��(k�q�g�vlp�x�� 1 v4zTÕ�g���o�z
q�v4g(pYm�vÆz�x���v4m�p�k�i4x{z9��z�x=~�k
m�v4i4ilk���g ~�vÍz�x&x���k�q�g�v�p�xx{z�q��!w�v4mY��x�~�q�mF�%BhzR~�v4wY��z�x�ã4x�m�wYvQz�x�x��(k�q�g�vlp�x���v�zRÕ{g���o�z�q 1 ��x�mYñ�x���~�vFilm�v4ilk�v�g!~�q�~�o�m�x�g(pYv�v�zRk�g(pYv�m���x{z�q6) ¾�� +�¾&,w�v4��o�g�~�q�wN~�vFwY~�v�o�g,��x�z
q�mN|}Õ{��k
|}qjv�g,pl·�¾jwÐò�x�w�p�x}v4zR��x{z�q�mh~�vsi�v�m�q}i�o�x{g!~�q���v4g,p�·(+�¾}w4��z�xjx��(k�q�g�vlp�x�wYvw�k
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