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��ps���-m�f8ã*cKoþijm�zs�¾i97vgLi w÷ps��f�mLi¯c1d��sgLijzx�xijg�oqi3g�pst,��r�fhg�f
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f8ã�ruf�m�eÉiJg�iJe/�u���Üi�ªq��r�fh�xe�ª ijm�t pxg�psr@3hp���d�zs�xg�p13hf�oqw÷k�t�7v�uf
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o»r�fh�xk�ruij�u�xijg�ovt�k�ruije»��d�zx�xg,oqpAg,oqpx�xi97qp1�xg»d�w f�m�psg�pxrH3hoqo»g�pst,��r�fhg��
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c o&k�r��sd�}�7vo4�xpsg�oþi�m,d/�Út��sdZ��g�p13hf�{
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rH��cKg�ijg�oqpsw ��ruijg���k�fhr*��t g�pst,��r�fhg��
cÊ7qt,}JrH�
cKgLijg�ovpxw øAf97v���sw�i?g�gLi�k�r��xps��ijg�i97qf83jo4��m,fe/oqg,ps��d2«
zs�xg�p¶�A�upxfhr�oqo 3»i?�E�
c {$�a7þi �Cªþf8�xfjg/d�zÜ|W�*d��*��pswK�
cQrufh��cKo�õj�xijg�ovp6i?gLi97qo ��d�zx�xg,p6rH��cKg�ijg�oþi ��ruijg��ukCfhr*��t
��ps����g�oqpswlf8�17qo cAp?{ÈA f8�xgLiX��plr�fh�scKo4õj�¾i?ä���psm,d�g�oqpac8g,oqpE7voqzs�xg»d�zÜ|§k�r��sd�kLijm�eÉijzÜ|§�u�xzs�xp138��ª f
c1d�zÜ|WD
cKk�r�f
c ijm,�¾iS�@õjz �sgLijzs�xg�p �xi�ª f8�spxg�oqi§t�k�ruij�u�szx�xiS�@õjzxp?{ © i?��psw k,ru�sd®rufh��cKo�õj��d/c ijg,oqt �Sª f8�sfhg»d�zÜ|
k�r�fh}�7vpxwf��c ��r��xpx}�i÷�*��fh��f�cAi9ä�wlp���f�m,dWg/t�w÷pxr�d�zs�xg�p?{^�§ruij� �Å3jc i�ªþ��f
cKg»d�w k�fh�*���sk�pswyc ��pszÜ|�«
g�ovzxp oqg��Úfhruwli?��d�zx�sg�p¤� zxfhruij� cKo4�se/�u�xp13hf��sgLijzs�xpxg,oþi^gLij}�ovpxr�iV�@õa�utnwlp���f�m,dhAfjg/�upXF i?r@7qf,{
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/ r�ijg,�ukCfhr��:g�pxt,�urufhg���cz��ps���6�xm�p���psruw÷oqg�f
cAijg»dk,ru�xps�·f�m�m��xoqi�ªþd/cAijg�ovpUg,pxt,�urufhg��
c �Uw�iÉ��pxr�oþi�ªþpxw
f8ã�ruf�m�eÉi,{ª? m�m��soþi�ªqd�cAijg�ovp���f^fhe/rup1ã@7qfjg�p^��px���3k�r��xps�Uk,ru�xpse/rufC��p�zx�sd�g�g,p�o;e/ovg�pxwli?��d�e9�Urupxijejz¶��o�{

Aoqe/r�fh�ue?fhk�f
c1d�k�ru�spxe/r@�C�1zx��d�g,g/dØ� gLi·f�m,m��xoqi�ªþd/cAijg�oqp:g�pxt,�urufhg/tn�Í�@õjm,rupxw 7qt�}�zx�Zõ?����pszx�se?õ
f8ã�ruf�m�eÉiK��px���^w÷oþi?r�õk,r�i¾cKm�fhkCf�m,fh}�oqp1ÿ�����cAi �¾iS�Hã�zxoþi`�upE3hf f�m�m��soþi�ªqd�cAijg�oqi,{U�Tf
cK�u�spxzÜ|�g,oqp t��sd2«
cAijg õö��pxm�g�fj����eCõUwlove�r�fh�ue?fhkCf�c¯pE3jf�k�r��xpse�r�fC��t�zs�sd�g�g�p13hf³��ps���=}Lijr�g O Q�} L Q O 3 ÜFî zsw Ü P�{��:fUo47vf8ã]«
zsoqf
cAp13hf÷fhk�oq��t �ur�ijg,�ukCfhr��utg�pst,��r�fhg��
c g�ovpx�s}��sm�gLia��px���3�sgLiS��fhw÷f8ã@ä w÷oqe/rufj�uejfjk�f
c1d�zÜ|`k�r��xpse�r�f?«
�H�
c°zx�sd�g�g»d�zÜ|:� L �Pï?ï>ð ó Ú ó�éÇð m�7þiAcK���sd����ue/oqzÜ|�k,oqpxr*cKoþij�*��e?��c°ohovzÜ|�oq�xf?��fhk~�
c O ð ó Ú PCc§f9ãuruf�m�e/tWD
cSkCpCªþg/d�w �¾i?e�r�px��oqpAr�fh�xk�i?��r*d�cAijg»d�zÜ|^pxg�psr@3hovo é g�pst,��r�fhg��
cSo�m�7þiKe?i?�xm�p¶�T�¯w÷f8�E7vovc1d�zÜ|�r�p¾ije?z¤��oBñL{
�Jd�w�i93hijgLi[��ps���\�upE� �sgLiS��fhw÷f8ãHä§rufj�xe�ªÚijm���c eCõ?�uf
cAf?«²pxg�psr@3hp���d�zx�xg»d�zÜ|Eg,pxt,�urufhg��
c c eÉijgLi97vp
c1dZ�Hãuzsoqf
c1d�w rup¾i?ejz¤��o�D�e»���hr�p fhe/rupEãH7þijg,pU�@õ÷k,ru�xps��rH�8�xg,oqzx�sejf
c¯p�k�r��xpse�r�fC��pUzx�sd�g�g,p

�Pï?ï>ðTò ó Ú ò ó�é ò óLü òôó ð ó Ú ó�éfóLüqð>ó
3hm,�xoqp ü ò o ü ��õ�cApse/�ufhr�i?wlo^��pxm,g�fh���uejf
c1d�wloUr@�
cKg�f97qpE3�ªþd�wlo:m�f c¯pxe»�ufhr@�
c k�rH�xm�e?f8ãuzso�g�pst�«
�urufhg��
c f�m�kCf
cKoqpxm,g�oqf k�r��xpxm�oCkCfUrup¾i?ejz¤��o�{+� f�m�r@�9�xg�ovpxg�ovt÷f�m�zxi�ª e?f
cAp13hf�k�r��xpse�r�fC��t�zs�sd�g�g�p13hf�D
rH�8�xg�ovzx�sejf
c1dSk�ru�spxe/r@�S�÷zx��d�g,g/dS�xi97qp1�sd�f�mSt�e�ªÚijm,t f�m�g�ovpx�uovpxg�oqi�D�3hm,d��neCõ?�^kCfhwlo6�xm���d§m�cAfhwli
c¯pxe»��fjr�ijw÷o ü ò o ü g,oqp^��px�*�3cKovpE7vejf8ã�zxo�õ·g,oqpx�swlovpxg�g,oqzx�Eõ,{

¢6pst,��r�fhg»d f�m�m,�xoþi�ª tC�@õ�3�ª��
cKg�oqpa�a�@õjm�ruijw÷oüf8ãur�f�m,e?i�{X� ��ruijejzsoqp^�xm,pxru�spEÿ°g�pxt,�urufhg���c(���@õS«
m�ruijw÷o�i?��fjwlf
c1d�wloTwlf9�xpam�fC�HãHälm,fncKovpE7vt ��d�k~�
c(rupxijejz¶��o��@õjm�r�f�c1d�zÜ|WDTe»���hr�pam��xovpE7qo4�uo4�ag�i i?}�«
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��fhrukCz¤�H�no1rufj�xk�ruij�u�xijg�oqp?{º�Tf�m�zx�xij�÷ij}���fhrukCz¤��o�D¯g�pst,��r�fhgS�ne?i?gLi�ª t�c¯p¤�Hã�zxoqf
c¯pE3hf°rupxijejz¶��o1�xg�ove?i�D
gLiÉ��fhw÷oþij�*�9c�eÉijgLi97vp�c1dV�Hã�zxovf�c1d�w k�fS�ui
cKoqiS�@õK�uo4�=r@�9�xg�p=zx�Eõj���ue�o�{É��ru��d�e ª ijm,d�ij}���fhrukCz¤��o»�uf6c1d�zÜ|�«
c1d/��r�ijm�oqijzsdZ��g»d¹ï ú ó�ö�ð D�rufj�x�u�szx�spxk�ovpxg�ovpG�@õjm,pxr zxo6�E�xe/ovzÜ|�ï ú ó<÷Wð D-r�p¾ije?z¤��p¼ï ú ó 
 ð D.ï ú ó>=~ð D.ï ú ó¡h ú ð D
ï ú ó¡W ú ð ov��k&{v{ £ t,w�i wlove/rufh��ejfhkCf
c1d�zÜ| k�r��xpxe/r�fC�H�
c zx�sd�g�g»d�zÜ| gLi\��pncK�u��d�����e/ovpr�p¾ije?z¤��p mLiS��p
w÷oqe/rufj�uejfjk�f
c1d k�r��xpxe/rH�C��zx��d�g,g/d°gLiij}��ufjrukCz¤�H�Ú� � {È�3fh�sk�r�i?�u�¾i?g�oqp÷wlf9�xp^}»d�älpE7qij����d�zx�sg�pÈ7vt�}
g�ovpxp17þij�*��d�zs�xg�p?{ªøjpEãH7qo�k�f�m�zx�xij�ü�sm�pxr��xpxg,oþi:g�pst,��r�fhg/t^�l�@õjm�r�pxw �¾ijzÜ|,f�m��so,r�fh�xk�ruij�u�xijg�ovpApE7qij����d�zs�xg�p
ï ú ó ú ð D,�uf÷kCfa�xm,pxru�spxg�ovtq�@õ?m�rufakCfh�xfj���ÜiV��p c �*�Üijg�ovp�k�f�m��*�Üi¾cAf
c1d�w {¬øjp1ã@7vo&c c1d�g�ove/t �sm�pxr��xpsg�oþi
�@õjm,rufSt�7qp13»i°cK�s}�t�m��spxg�ovtWD:��f���ije/oqp\r�fh�xk�r�fh�u�spxg�ovp gLij�sd/cAijw�d g,oqpxp17þij�*��d�zx�xg»d�w o fj�xgLijzs�¾ijw�d
ï ú ó ú ò ð { © ijzÜ|,f�m��soA��cKo�õj�spxe�Nù� ß L � � v � å D�3jm��xovpØ� ß ��f\zxi�ª e?f�cKo ��d w÷oqe/rufj�uejfjk�f
c1d°k�ru�spxe/r@�C�
zs�sd�g�g»d8D-iØ� å �ufWk�ru�spxe/r@�S��zs�sd�g�g»d gLi�r�fh�xk�ruij�u�xijg�ovp·r@�
cKg»dË� å L ��ú>û v � - ê DW3hm,�xoqp]��ú>û-o±� - ê ��f
w÷oqe/rufj�uejfjk�f
c¯pUk,ru�xpse/rufC��pUzx��d�g,g�p9DCf�m,k�f
cKoqpsm�g�ovfagLi÷r�fh�xk,r�ij���¾ijg�ovp�pE7qij����d�zx�sg�pUo9g�oqpspE7þi?����d�zx�sg�pj{
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� ��psfhruovo���ruijg���k�fhr*��tag�pst,��r�fhga��px�*�¯r�fh�xk�i?��r*d�cAijg»d��uije?f k�t�g�e»�$wli?��psruoþi?7qg»d8D?e/�@�hrup13hf�����ijg^fhk�ov��d2«
cAijg»d ��px�*�nk�ru�spx�\c¯pxe»��fjrWk�f�ªþf8�xpsg�oþi û o6k�r@�sm�ejf8ã�zxo � L T ü D³3hm��soqp ü ��px�*�WcApse»��fhr�pxw ��psm�«
g�fj����e?f
c1d�w wliS�@õjz�d�w e/oqpsrut�g�pse o ��cKrufj�nc¯pxe»��fhrui�k�r@�sm�ejf8ã�zxo g�pst,��r�fhg/t � {8�6f fjk�oq��t k�f87qi
g�pst,��r�fhg�f
c¯pE3hfn���ufh�utS��pa�uo4��k�fC�H�szxovpX38�x�*��f8ã�zxoüg,pxt,�urufhg��
c ú ï éKó�û D üÑóHýHð {,øjpx�*� fhgLi�rH��cKg�ink,r�i¾cö«
m�fjk�f�m�fh}�g,p¤��7voqzs�x}�ovp�g�pst,��r�fhg��
cBf pxg�psr@3hovo é cyzÜ|»cKo47vo ý o¯cyk�t�g,ejzxovp û D=k�fjrut����¾iS�@õjz�d�zÜ|®�uo6�
c e/oqpsrut�g,e�t ü DCk,ru�sd�kLi?mLiS�@õjz�d�zÜ| g�iG��pxm,g�fh���ue9��fh}��H�s�uf8ãuzso�DCeCõ?�Üi^}�r�d ªþf�c¯pE3jf�o9pxg�psr@3hovo�{oøjpxm�g�fj�]«
�ue?õ�38�s����f9ãuzxo9g,pxt,�urufhg��
c ú ï éfó�û D ü�ó@ýHð ��ps���3gLiak�ru��d�e ª ijm`pFE 3�5 zxw 3Ñÿ �ur 3�5 {
;¶7vf�zs�sd�gk,r@�xm,ejf8ã�zxo<T�oW38�s���uf8ãuzso ú g�pst,��r�fhg��
c

T ú ï éfó�û(óLü�ó@ýHð�� � ï éKó�û(óLü�ó@ýHð<j O � {M�SP
��ps���$�scAijg»d^���urut�w÷oqpsg�oqpswùÎ����;g�pxt���rufjg��
c {ªøjpxm�g�fj����eCõ����urut�w÷oqpsg�oþi � ï éfó�û(óLü�ó@ýHð ��ps���$gLi�k�r��sd�e�ªÚijm
pFE 3�5 zxw 3 Ü �ur 3�5 � 3�5 {
FA�1�x���uf`r�fh�xkLiÉ��rutS��pa�uo4�q39�x���uf8ã@ä^o��*��rut,wlovpEÿ g�pst,��r�fhg��
c��uije?f �Út,g�ejz¶��p÷w÷g�ovp¤���u�sp¤��7qovzx�x}»d`�xw÷oqpxg�«
g»d�zÜ|WDhzsf6fh�sgLijzs�¾i�DC�xpÍ38�x�*��f8ãHä¯o»�*��r�t�wlovpEÿ �xfj���Üi�ªþd c1d�z¾i�ª ejf
cAijg�p kCfKz¾i�ªqd�w fh}��u�xijru�sp¯�swlovpxg�g,f8ãuzso
kCfh�xfj���Üi�ªþd�zÜ|S�xw÷oqpxg,g/d�zÜ|;{_;��Üi?eJg�i\k�ru��d�e�ª ijmWDÆ3hm,d°g�oqpG��px�*�aoqg»��psrups�utC�@õjzxi\�¾i97vpE�sg�f8ã@äÑ39�x���uf8ãuzso
o9�*��rut,wlovpxg�oqi·g�pxt,�urufhg���c f�mneCõ?��i^},r�d ª f
c¯pE3hf�D�m�p>:Lg�ovtC��p �uo4�
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cAijg�oqp c fj}�7qovzx�xpsg�oþi?zÜ|&Afhg»��pÇF ijr@7vf�{ÆAoqijg�f
cKoqzsoqp o67qf�zx��d�g

� ï éfó�ûló@ýHð â é â���â ýrL T â ý ú ï éfó�û(ó@ýHð â é â�� L â�� ú ï éKó@û(ó@ýHð â é â�� O � { � P
��ps���Kr@�
cKg»d���t�w÷oqp m�rH�83 â�� k�ru�spx}»d/��d�zÜ| cQfh}��H�s�uf8ãuzso â�� cQzx�¾i?�uoqp�f�m ý m�f ý v â ý k�r��xpx��zs�Zõj�*��e/o
wliS�@õjzspUpsg�pxrH3hoqp c k�ru�spxm��soþi97vp�f�m é m�f é v â é {

�:f�mLi?��e?f
cöõ^cKoqpE7vejf8ã�zxo4õ^zÜ|�ijr�ije»�upxr�d��stC�@õjzZõ÷k�f97qp�g�pst,��r�fhg��
c¹��px�*�:k,r�õjm g�pxt���rufjg��
c�� �xm�p>:�«
g�ovf
c ijg»dnkCfhk�r��xpx� �xi97qp1�xg�f8ãHä � L�ü � ï éKó@û(óLü�ó@ýHð4j
øjps���1��f·c¯pxe»�ufhrEDLe»���jrupE3jfawlf�m�t�ª&c1d�rui9�xfjg/d-��px���Ac ��ije/oqzÜ|W��i?w�d�zÜ|X��psm�g�fh�*��eÉijzÜ|WDLzsfao&�*��rut,wlovpEÿ
g�pst,��r�fhg��
c {É�-f�m,fh}�g�ovpW�ui?e:c k�r��sd�kLijm,e�t����urut�w÷oqpsg�oþi o238�s���uf8ãuzso�w÷f8�sp�fhg�}»d�ä$�Út�g�ejz¶�@õ3w÷g�ovp¤���u�sp¤�
7voqzx�s}»dW�xw÷oqpsg�g»d�zÜ|&{Í;=�Üije�DLg�ovpx�xi97qp1�xg»dWf�m eCõ?��ia}�r�d ª f
c¯pE3hf÷k�r@õjmg,pxt,�urufhg��
c

�Çï éfó�ûló@ýHð�� � î�� ü � ï éfó�û(óLü�ó@ýHð â ü

��ps���3cApse/�ufhrupsw\D�e»���jrupE3jfl��e ª ijm�f
c¯p�c m�f
c¯f87qg»d�wBe/oqpsrut�g�e/t���Üi?g�f
cKo�õac1d�k�ijm�ejf
c^õÈ7qovzx�s}�� g�pst�«
�urufhg��
c k�ru�spxzxovgLiS�@õjz�d�zÜ|º��pxm,g�fh���uejf
c^õ kCf�cKovpxr��xzÜ|�g�o6� k�rufh�*��fhk�ijm�ª¡õ�m�f��upE3hfSe/oqpsrut�g�e/t O k�r��sd2«
kLi?mLiS�@õjz�d�zÜ|gLia��pxm�g�fj����e?��psg�pxrH3hoqo&o9zx�¾i?�utWD�m�7qi·mLijg»d�zÜ|cAijr��uf8ãuzso-psg�pxrH3hoqo�D,zs�¾ij��t`o9kCf�ª f8�spxg�oqi2P�{

� i?�xg õ�cKoqp17qejf9ãuzxo4õ cZfhk�ov�uoqp\�ur�ijg,�ukCfhr��ut g�pst,��r�fhg��
c ��ps���zx�E�s���uf8ã@ä°f�m�m,�xoþi�ªþd/c i?g�oþi�g�pst�«
�urufhg��
c �6w�i?�upxr�oþi�ªþpxw(f8ã�ruf�m�eÉi�D�e/�@�hr�iö��px�*� k�r�fhk�fjruz¤��fjgLi97qg�iUm�fB38�x�*��f8ã�zxo�D�i��xi?��pswío��*��rut,wlovpxg�oqi
g�pst,��r�fhg��
cÅD�iU�Km�r�t�3hoqp¶���*��r�fhg»d^�¾i97vpE�sd·f�m^c�ªÚij��g�f8ã�zxo���ijw÷pE3jfUf9ãuruf�m�eÉi,{���rui
cKm,fhk�f�m�fh},oqpEÿ,����c¯f�D
�sp°�xiS��m��xovp f�m�m,�xoþi�ªþd/c i?g�oqp\��d�k�táñ[��px�*� k�rufhkCfhr�z¤��fhgLi?7qg�p m�f w÷oqe/rufh��ejfh��ejfhkCf
cAp13hf®k,ru�xpse/rufC��t
zs�sd�g�g�p13hfg�il��fWf�m�m��soþi�ªqd�cAijg�ovp]�PïUo+7qovzx�s}/dq�@õjm�psr6c���pxm�g,fh���uzxpafh}��H����f8ã�zxo�D;zx��d�7vo+38�s���uf8ãuzso�i?��fC«
w÷f
cAp¶� � � ß {º;¶7vf�zs�sd�g ��d�zÜ| m�c^��zÜ| cKovpE7qe?f8ãuzso � ï L � � ß �Pï-��px���÷wlije/rufh��ejfhkCf
c1d�w k�ru�spxe/rufC��psw
zs�sd�g�g»d�w gLi ��fJf�m,m��xoqi�ªþd/cAijg�oqp?{y? m,cKr�fj��g,f8ãuzso�õ w�ije/r�fh�ue?fhk�f
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    po 200 mikrs od impulsu      

E Maxwell

E=14MeV
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Ï
ôAÑ�¨

Ô ô�ª Ý Ø(î�ÖG× Ê Î�ÚGÎ�ÓEì�Ø^��ïEÓEÎ�ÖGÚGØ^�zØ|Î�ÚGÎ�ÓXì�Ø���Ú È ñXð È ÓEÖG×�Ø(ÎZñªÜGÓ È�Ç ÖGÉ�Ü7É�ÖGÉ=ðGÚ(� Ç ÓEÉ=×�ÑGá È Ö�×�Ø(Î *�ÈÊÉ�Ç Î�í(í È ÕñXÎ�âXÐ¯Ð^ÉiÓEÉ=×�ÑGá È Ö *�È�É�Ç Î�íaí È ÖGí È ô�ªÍ¨ Ï ôÀÑ ¿ � Ô ¨ û ø ù�ù ¤ æ ú�û è ü ÿ ÎyÏpê�" È Ñ Ç Ø(Ö È�$ Õ§Ù È Ö�Î�Úã×pÐ Ê Ò4ßßGØaÜ�É�Ð^Î�Ð Ê Ò�×�Ú Ê Ò4ßãÓXÉ�×�ÑGá È ÖGà Ç ÚGØaÎ?É�ÖGÖ È ñXÎzÑ"âE×�Ð È á(Ð^ë¶ÓXÉ�×�ÑGá È ÖGë�Î�Ñ�âXÜ�Î�Ó Ê Ý Î�Ú\Ð È íaÚGÎ�ì=ÉGê » È Ð^Î Ý ÓEà Ç äÚGØaÎ Ù Ç ÜGÓE× Ê Ü È ÖGÑ"ë Õ ì�Ö Ê È ðGâEÉ�ÓXÜ�ÒZñ È�ÇÿÝ�È Ð^Î�ÓEØ È í(Î�É�ïXÓEÉ�ÖGÑ È Ü7É�ÖGíaÎ�ì È ÜGÓ ÈeÇ ë û ��� Õ Ö�í È É=ïEÓEÉ�ÖGÑ�à ÇÉ�ì=Ó È ÚGØaÒ�×�É�Ú Ê Ò4ßbØ�ð�Î�×�Ë�ÓXà�Ö7áTÉ Ç Ê Ò4ß�ÚGØaÎ Ý É Ù Ú È ÜGÓE× Ê ñ�� $ Õ¸Ù Î�â]Ð^ÓEë Ý ØaÎ�¢ÚGÎ�ë�Ð^ÓXÉ�ÚGà Ç Ð^Î�Ó Ý ØaÒ�×�Ú Ê Ò4ßÝ�È ÓEÉ�×�Ñ|á È Ö�Î�ÚGÎ�ÓEì�Î�Ð Ê Ò�×�Ú Ê *�ÈÊÉ�Ç Î�í(í È ê
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