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�2awnptà�2bmeCt·t$achSi]j7bmeHhX�G�{npac¸{ach:��}{hªáâjmeCg�v\o�}{t$tãjJaHiÇnpt á�j7äXjAºc�Gawb7äSi]jãºcu;n�i7lmgXach
�4ach�á�jAbmeCh��G�GnEac¸GbA}GvEvpach�eC�4d��Gb7��hS���Qa«i�d�acbAb7}�i]jmeHj7n�iAl�g�ach�¼\bA�Sl�o�a«iåºc�XbË`9acbkd�}{b7t��XhX�
�4acb¾á�jAbmeCh���i7lmgSeHvpa�qr�QacbJi]}G�{achSeCh�hQjAach:Í��Sik�SeH�SlmgQ�Xh��X»y`9}Gh�u=aHikawhQjAvpn�lmgXact�æ�nphQçÌ�X¸
n�ikj_eC�Qd��{b7�XhÌ�Ç�Qacb�gX}GgXawh��èact·ÁNawbmeCjA�Xb��Qacb9á�jAbmeCh���i7lmgSeHvpa;��}Gb_eCvEvpact�acnphXa=ÁXv�e{ikjAn�i7lmgXa
é ÆIb7npa«l�gQÂAê�`9acb]d�}Gb7t��XhX��»Qá�j�eCj7nE}GhS�Hb7a À npac¸{�SaH�Qnph��G�XhX�{achãd�äXg�b7ach$ºw�$acnph�acb9o�}GhSi]jmeCh4Â
jAach�Æ\}{hQjA�Xb��QacbIáâj7bmeHhX��iAl�gÌeCvpaâ»XÄ�hSikj�eCjAnp}GhÌ�Cb7aë�2acj7bAnpac�Ìik�SaH�QnEhX�G�Xh��Gach$�SacawnphQçS�Ìi7ikawh
eH�SlmgÇ�QnEaì`9acb]d�}GbAtã�Xh��;�Qacb9á�jAbmeCh���i7lmgSeHvpa2��hS��d�äXg�b7achËºc�¾acnEhXacb�nEhSikj�eCj7nE}GhS�Hb7achëÆ\}Gh4Â
jA�Xb;�4acbIá�j7b�eChX�âi7lmgSeCvEaJnpt�íî}{vpvpawhX�GacbAäSikjw»4Í\�Qd_�QnEaHikaIzïacn�ikaIn�ikj�eC�Ìl�g���eGi;`ì}{vp�Xt·ach
nEhXhXacbAgSeCvE�Ë�QaHiìá4lmgSeHvpachXo{e{ikj7awhSiè��awbm�ChÌ�Qacb7vEn�lmg�qmu;e{i�ikn�l�gJ�Sacn4achQj�ikÁXbAaHlmgXachS�Qawb�Ä�hQjAachQÂ
i]npj��Cj=eC�Slmg��Q��bmlmgãacnEhXaJá4l�g4u;eHhXo4�XhX�Ë�QaHi À nEac¸�i]ÁXnpaw�Gacv�i[nEh$�4acb=Æ\}Go4npvEvpa;�Sact$acbAoQ�ÌeCb
t�eGlmgQjw»yÄ�h�ð7äXh��GacbAacbÇñSacnpjJu;npb��:eChòi7lmgXhXacvEvp�GnEac¸GawhS�QachïÍ\h�v�eC�{achïacnphXa�ÁSacb7nE}4�Qn�iAl�g�a
áól�g4u;eHhXoQ��hX���QaHi À npaw¸�ikÁ�npac�{acv�i9�Naw}G�Se{l�g4j7acjwqS�QacbAach�Í\t$ÁXvEnpj7�Ì�Qa�ik}Hu2awnpj�eChÌikj7awnp�Gawh
o{eHhXh�q��XeH¸¾acnEhXa�ôX}GbAjmikawj7ºc�Xh��J�QaHi À npac¸{�Sacj7bAnpac�SaHi
h�n�lmgQj�t$ÈG�{vpn�l�gËn�ikjw»�¼\nEa�ôÌbAaHõ��XachXº
�4acb;öIi]ºcnpvEv�eHj7np}{hÇach4jmikÁ�b7n�lmg4j��XeH�SacnynEt$tãawb��Qact�`9acb7gÌ�CvpjAhXn�i���}Gh À nEac¸G�{aHi7lmg4u;nphS�QnE�CÂ
o�awnpj;ºc��acnphXawb�l�gSeHbmeHoQjAacb7n�ikj7n�i7lmgXach�á�jAäXj7ºcu=acnpjAaJnpt÷í;}GvEvpachX�{acb7äÌikjW�QacbJÍ\h�v�eC�{a�qXu;e{i
eH�Qd_acnphXawhøñS�Ìi7eCt·t$achXgSeHhX�Jt$npj0�Qacb;nEhSikj�eCj7nE}GhS�Hb7ach�Í\�Ìik�SeH�Sl�g4�XhX��gXnEhS�Qac�XjAacjc»
¼\npaÇjAgXac}{b7acjAn�i7lmgXaË�2aHiAl�gXbAacnp���XhX�·�QnpaHi]acbJ�2ac}{�SeGlmg4j7�XhX�·�XhS�ï�QacbJ�XeHbmeH�SiJeC�Xºc�4Â

vEacnpjAachS�Qawh:�Sacj7bAnpac�XvEn�lmgXach�Æ�}GhSi]aHõó��achXºcachùn�ikj·�Xe{i$�2gXact�e��4acbÇ��}GbAvpnpaw�GachS�4ach�Í\bkÂ
�SacnEjc»�¼�acb2�SacjAbmeGlmg4j7acjAa�Í\�Si7lmgXhXnEj7j9�4acb;á�j7b�eChX�âi7lmgSeCvEaIacbmi]j7bAaHl�o4j9i]n�lmgÇäX�Sacb2t$awgXb7acbAa
áâj7äXjAºcu2acnEj7achË�XhS�Çu;npb��ÊgXnEacb9eHv�i�t$acgXb]dfeGlmgËeC�X�{aHikjAäXj7ºcjAacb=�2npac�{ac�SeHvpo�achË�Nawj7bme{l�g4j7awjc»
ú�nEj7jAacv�i;�Gacawnp�Gh�acj7acbWz|acbAoXi]j7}H~y�{aHikawj7ºca�o{eChXhù�XeCb�eC�SiË�Qnpa��2a«ikj7nEt$tÇ�XhX�âik�{vpacn�l7gQ�Xh��
d�ä�bÇ�QnEa��2nEac�Gawvpnph�npa�eC���GacvEacnpjAacjJu2acb��Qach�»_ô
äXb��QacbAach:h4�Xt$acbAn�iAl�gXa$�SÈâik�Xh��|u=acbm�Qawh
t·acgXb7awb7a=í\eHhS�óÂ_�XºcuJ»�Í�hQdfeChX�âik�SaH�QnEhX�G��hX�Gach·�NawhXÈGjAnp�Gjwq4�Qnpa;nEt�í�eCgXt$awhÇ��}Gh�`ì}{bkÂ
��hQjAacbmi]�Sl�g4�XhX�{ach�ik}|d�a«ikj7�{acvp�{j$u;�Xb��Qach�q=�XeC¸ò�XeGi�æ�b7�{ac�XhXn�iã�Qawh*�NawoGeHhXh4j7ach��NaûÂ
jAb7nEac�Xvpn�l�g�ach��2a®d��XhS�4ach$d�äXb��QnpaËi]jmeCjAnp}{hS�CbAa¾Í��Sik�SeH�SlmgQ�Xh��ãach4jmi]ÁXb7n�l�g4jc»
ú�npjW�QactühQ�Xt·acb7n�i7lmgXach�ú�}4�Qawvpv�u;�Xbm�Qawhïiký�ikj7awt�eCjAn�i7lmgXaËs\h4j7acb�ik�Slmg4�XhX�Gawh��Qacb

nEhSikj�eCjAnp}GhÌ�Cb7awh¾Í��Sik�SeH�SlmgQ�Xh��;�Nawnpt&á�jAbmeHhX�G�{npac¸{achË�Q�XbmlmgX�{a®d�äXgXbAjc»czïaHikach4j7vEn�lmgXa��2a®Â
jAb7nEac�SikÁÌeCbmeHt$acjAacbcq4�QnEaJeCv�i;Í\hXb7aw�G�XhX��nph��QnEaJs\h4j7acb�ik�Slmg4�XhX�¾t·npj2awnph4�Nawºc}G�{ach$u;�Xb]Â
�4achJu;eCbAachÇ�4npa;½�ÈGgXa=�QaHi À npac¸âikÁXnEac�Gawv�i�ikacvE�SikjwqH�Qnpa À npac¸{�GaHiAl�g4u;nphÌ�Qnp�{o�acnpjÚik}Hu;npa=�QnEa
áâj7bmeHhX��iAl�gÌeCvpawhS�Qn�lmo�a�»SÍ\v�i�ñSnEacvp�{b7È{¸GaÇu;�Xb��Qa��XeC�SacnÌð7acu2acnEv�i;acnph�aÇ�Q�Xb�l�g×�Qnpa�þ�hS�Qa®Â
bA�XhX���Qawb�Æ\}Gh4j7�Xb��4acb\á�jAbmeHhX��iAl�gSeHvpaËgXacb7��}{b7�{acb7�Qd�awhXaåáól�g4u;eHhXoQ��hX���Qacb À npaw¸�ikÁ�npa®Â
�{acvpg�ÈGgXaË�Nawb7aHlmgXhXacjw»S�2acb7awnpjmi2�Sacn_ikjA}4l�gÌeGikjAn�iAl�gXawh:á4l�g4u;eHhXo4�XhX�Gawh��Qacb��Xh4j7acb�ik�SlmgQÂ
jAachÇ¶_eCbmeHt$acjAacb
t·npj�acnEhXacb_Í\t$ÁXvEnpj7�Ì�Qa�qmu;npa�i]npa;eH�SlmgÇnpt(�2acj7bAnpac�ËäX�XvEn�lmgån�ikjwqGu;�Xbm�4a
awnphXa À npac¸âikÁXnEac�Gacv�i7lmgQu0eChXo4�XhX�·nph��QawbÇlmgSeCb�eCo4j7acbAn�ikjAn�iAl�gXawhïôÌbAaHõ��XachXº¾d�aHi]j7�{aHikjAacvpvEjcq
�4npaJeH�Sl�g�nEt÷�2acj7bAnpac�·�Naw}G�Se{l�g4j7acj=u;�Xbm�4a�»
¼\npa�ÁSacb7nE}4�Qn�iAl�gXa�öWikºwnpvpv�eCjAnp}Gh�acnEhXaHi�¶�eCb�eCt$awj7acb�i¾nph�awnphXacbÇºw�Xt íî}{vpvpawhX�GacbAäSikj

ÁÌeGi7i]achS�Qawh�ôXbAaHõó��achXº��Nawu;npb7o4j¾awnphXa$t·aHl�gÌeChXn�i7lmgXaÇ�2acv�eGi]j7�XhX�ï�4acbãá�jAbmeHhX��iAl�gSeHvpa�q
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�4npa2ºw�ÇacnphXawb
u=acvpvEachQd�ÈGbAt$np�{achJ�Qawbìá�jAbmeHhX��iAl�gSeHvpaWeC�Qd��{acÁXb��C�GjAach·Æ\}Gh4j7�Xb�d�äXgXbAjc»�¼�npa®Â
i]aHi2`9acbkd�}{b7t��XhX�âikÁXbA}CÿSvrn�ikj=hXn�lmg4j2u;npaË�QnEaJÆ\}{hQjA�Xb��Qacb�i]jmeCjAnp}{hS�CbAach�Í\�Ìik�SeH�Sl�g4�XhX�
È{b7jAvpn�lmg�o�}GhÌikjmeHhQjwq�ik}GhÌ�Qacb7hùu;npbm��t$nEjI�Qawb À npac¸{�GaHiAl�g4u;nphÌ�Qnp�{o�acnpjW�Q�Xb�l�gï�Xe{iÇíî}{v Â
vEachX�{acb7äSi]j9j7bmeHhSikÁS}{b7j7nEacb7jw»X¼Ie{�Q�Xb�l�g�u;npb��ãacnEh$¶��Xt$ÁSa®~raco4j9gXacbA��}Gb7�{acb7�4d�ach�q4�Qacb=�QnEa
�Sac}{�SeGlmg4j7acjAach�á4lmgQu0eChXo4�XhX�{ach��Qacb À npaw¸�ikÁ�npac�{acvpgXÈ{gXaJacb7ºwac�X�Gjw»
æ�nph¾`9acb�ikj��Cb7o4�XhX�âika®~raco4j��QnEaHikacb_eCv�iènEhSikj�eCjAnp}GhÌ�Cb7a0�2npac�{acvpnEhXnpa_�Nawºcacn�lmgXhXawj7ach�qmu=acv Â

vEachQd�È{b7t$nE�GachïÆ\}{hQjA�XbË�Qacb�á�j7b�eChX�âi7lmgSeCvEa��4�Xbmlmg:�4npa�á4lmg4u;eCh�oQ�Xh����QacbId�acbAb7}âikjmeHj7nxÂ
iAl�g�ach�½\È{gXaJo�}GhXh4j7aIh�n�lmgQj9d�aHikjA�GaHi]j7acvEvpj2u=acbm�4ach�»X¼�npaJ¼\n�l�o�aW�QacbIáâj7bmeHhX��iAl�gÌeCvpaJgSeHj
aw�NawhSik}�acnph�ach���acbAhSeGlmgXv��Gi7i]np�{�SeCbAach�æ[nEhQçS�X¸�»�Í\v�i;�Q}Gt$nEhXnpawb7achS�4acb;æ�nph4çS�X¸GÁÌeCbmeHt$a®Â
jAacb2u;��bm�QaË�Nawn��Qach�s\h4j7awbmik�Ìl�g4�XhX�{ach��QnEa À npac¸{�GaHiAl�g4u;nphS�4np�Go�awnpj9n��QawhQjAn ÿSºcnEacb7jw»��2a®Â
bAacnpj�i\�Gawb7nph��Cd�äX�{np�Ga�á4lmgQu0eChXo4�XhX�{achï�QnEaHikacb À bAÈG¸{aÊd�äXg�b7achïºcacnEj7��acbAºcÈG�{acb7j;ºc�ïacnEhXacb
�4ac�Xj7vEn�lmgãawb7o�achXh4�SeHb7ach�í;aHeHoQjAnp}Gh�nEt À npac¸âikÁXnEac�Gacvf»
¼\npa·æ�b7�{ac�XhXn�i7ika��QacbJ��}GbAvpnpaw�GachS�4achïÍ\b7�SacnEjJo�ÈGhXhXawh:eHv�i À bA�XhS�Qv�eC�Ga��XeCºc�ù��acbkÂ

u=achS�Qawj;u2acb��Qach�qX�Xt d�äXbI�4ach�ôSeCvEv�acnph�acb;�Q��bmlmg��QnEaåg�npacb��XeHb7�{aHikjAacvpvEj7ach�`9}GbA���Ch��Ga
awb7ºcac���Gj7awh À nEac¸�i]ÁXnpaw�Gacv�i7lmgQu0eChXo4�XhX�$�{acºcnEacvpjAa À aw�GachXt�eC¸GhÌeCgXt$awh�ºc�|awbmeCbA�SacnpjAach�»
½�npacbAºc��iknphÌ� u2awnpj7awbkd�äXgXbAachS�Qa�Í\bA�SacnpjAach�nphSi]�Na«ik}GhÌ�Qacb7aïeH�QdË�Sacj7bAnpac�XvEn�lmgXacbëæ[�Sach�a
h�}Gj]u2achÌ�Qnp��»
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Ñ4»pÎ æ�t$Á�npb7n�i7lmgXaW�2acb7aHlmgXh4�XhX�âik�GvEacn�lmg��XhX�{ach*»Ë»å»Ë»J»¾»J»¾»J»J»¾»J»¾»J»Ë» ÎûÏ
Ñ4»ÐÑ �2awb7aHlmgXh4�XhX�Ç�4acb��2npac�{acvpnEhXnpa »¾»J»Ë»å»J»Ë»å»Ë»J»¾»J»¾»J»J»¾»J»¾»J»Ë» Î�H

Ñ4»ÐÑ4»pÎ ô�æ9ú�Â=ú�}4�QacvEvpa%»¾»J»¾»J»Ë»å»J»Ë»å»Ë»J»¾»J»¾»J»J»¾»J»¾»J»Ë» Î�H
Ñ4»ÐÑ4»ÐÑ �2npaw�Gact$}4�4acvpvEa »J»¾»J»¾»J»Ë»å»J»Ë»å»Ë»J»¾»J»¾»J»J»¾»J»¾»J»Ë» Î�I
Ñ4»ÐÑ4»ÐÔ í�eChS�Q�SaH�4nphX�{�XhX�Gawh��XhS��ú�acgXbA�SeCvEo�achXt$}4�Qawvpvpa�»J»¾»J»¾»J»Ë» Î�J
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Ô4»ÐÑ ��act$ÁSacb�eCjA�XbkÂ_�XhS��¶[gÌeGikawhQ��acbAj7acnEvp�Xh��¾nph��QawbIá�j7b�eChX�âi7lmgSeCvEa »¾»J»Ë» ÑHÏ
Ô4»ÐÔ Í�ÁXÁXb7}�T4npt�eHj7nE}GhÇd�äXb��XeGi��2npaw�Gact$}4�4acvpv�»Ë»å»Ë»J»¾»J»¾»J»J»¾»J»¾»J»Ë» ÑUI
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Ï�»pÎ ú�a«l�gSeHhXn�iAl�g�aI�2acv�eGi]j7�XhX���4acbIá�j7b�eChX�âi7lmgSeCvEa »J»¾»J»¾»J»J»¾»J»¾»J»Ë» Ô{Ñ

Ï�»pÎ{»pÎ `9acb7v�eC�Qd_�4aHi\�2nEac�Gawt$}Gt�ach�j7a«i »Ë»å»Ë»J»¾»J»¾»J»J»¾»J»¾»J»Ë» Ô{Ñ
Ï�»pÎ{»ÐÑ XIe{l�gX�{npac��np�Go�awnpj=�Qacb�í;}GvEvpach »J»Ë»å»Ë»J»¾»J»¾»J»J»¾»J»¾»J»Ë» ÔHÏ
Ï�»pÎ{»ÐÔ æ
~racoQjAnp��a¾áâj7äXjAºcv��HhX�Ga »J»Ë»å»J»Ë»å»Ë»J»¾»J»¾»J»J»¾»J»¾»J»Ë» ÔHÏ

Ï�»ÐÑ �2nEac�Gawu;n��Qacb�ikj�eChS�$�4acbIá�j7b�eChX�âi7lmgSeCvEa�»J»Ë»å»Ë»J»¾»J»¾»J»J»¾»J»¾»J»Ë» ÔHÏ
Ï�»ÐÔ X��Xt$acbAn�i7lmgXaHi�`ìawbkdfeCg�b7achü»¾»J»¾»J»Ë»å»J»Ë»å»Ë»J»¾»J»¾»J»J»¾»J»¾»J»Ë» Ô%Y
Ï�» Ï Í��Siku=acb7jA�XhX���Qacb��2nEac�Gawvpnph�npa÷»¾»J»Ë»å»J»Ë»å»Ë»J»¾»J»¾»J»J»¾»J»¾»J»Ë»,ÏâÒ
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Rollenkontakt

Feuchte Luft

Spritzwasser

Schwallwasser

Wärmeübergangskoeffizient

Stützrolle

Strangschale

Stützrolle

Strangschalen-
oberfläche
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Biegelinie

Rollenkraft

w'(z=0) = 0
w'(z=lges) = 0
w''(0) = 0
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w'(z=0) = -1,34 10-3

w'(z=0) =  1,34 10-3

w''(z=0) = 0
w'(z=lges)=0

Ä�
�Å��o� 
 ÆP§ ÇÌËÚÇLÑÚÒ$Ó�ÇRÍUÇ § Ê�Ç�ÔgÇR×bÊOÓ$Ê�Ç�ÈgÇÌË+â�ÍZËÏÖ�ÓªÔ�Î�ÑÚÒ$Ö�×�Ç���Û'Ë�É'ÓgÍUÇÚË[Î�ÑÚÒ$Ê�ÇLÈ'×bÊOÑÚÒ�Ç©¨+ÇÌËÚÍ
ÇÈgÇÚËJ�wÓ���Ö�Ó�Ô�ÎRÎÌÍ
ÇÌÊWÔ�É'Ó�Ô�ñ2ª ò¤« õ¥_�ô

Fj+%,3.)�0�6�%��
1,/.�"3,3.p�d�<
 « õ¬_ R2
B���}�<
1,3�c�:+-,W���6�%��
1,/.�"3,3.p�d�<
 « õ ö®­�¯H° q5
B(;�����Ä��<R���.�"3,3.;�#�%�P&)(*��+%,3.��%�:+-"W�2����q±�	�#����Å�ÅT( �I+-,6�04d��� (*
1���*(�=d&�
1��R2
B� K#(2���%�0!6+�ÅB�c,�"3�ÅB��K�+�Å#
1,D�#���[YO�)�A
B( 
B��,UC�R����A
B��7)��� .��<.����6��,;R2"3�I���)=%9¥
1�I�;�3+-.���.���,;�<
1,3�ÞÄ��%��
1,/.�"3,3.
�6��
 « õ�_ 7)��� .���.����6��,£C�
��0(���
B,3��V�"W�AR2
1�*K�"/,3.;
1q Ä���� �<
���!D���%��.��Q� +-qD( �<,5�	�#����Å�Å��
.���.��<�d�<,U=

�¤,6�A�%FH��� ,c�0
1,6�D7)���2+8Å�ÅB��qu�#
1�JV�,�Fj+-,/.)�A�6�%�#
1,3.�"3,3.��<,�ñ2ª ò¤« õ�_�ô "3,6��ñ2ª²ª ò¤« õ�_�ô
7)��,	.�� ��E����©Ä��%����"/( "3,3.D"3,6�	qDX6�*�A��,e�A���*.-FjM8Å1( 
B.c+-�/.��%�*�?!6M%( 8�(JR����I����,U=T��+-�6��
i
��A(
�Q��C�R2
B�;�d�<� ��
B(������*R2M%!3,�(<C�,3
>�?!#(���!3,3�DR���
B( ���*�%�:�A
1,/,�7)�ªÅ�Å¤CT+-"#F:�3+��Z�����0Fj+-!3�*��,$�����
46���*
1�#��
>� ��!3��,p��+%,6���6�%��
B,3.�"/,3.���,o8�"/� X6��K�8<"3.��*��
®FH��,£C��3+c�6��
���
1,3�<q³�	��!3� �W+�Å1K)�<,��
q��#����Å�Åi7)��,o"U=[z@= � _ "/,6��q5��!3�;&)(*X3( 8�R���
1(*��,p��
1�	´:��.����6��,3!3�<
1( �<,o+-qµV�,�Fj+%,3.
"/,6�c+-q¶t[,6���m���%�2�	�#����Å�Å���,/
���!�(�X3�6��� ��
B,6�A(*
1q5qD��,;qDX6� �0��,U=

��
1�JL3�%�A(LÅ1��.�"3,3.@.���qcM%E;���<�2�A��.3=#��
1,3.��%�A4W+-,3,#( ��,l��+%,6���6�%��
B,3.�"3,/.���,c���I� ��!3��
1,#(
�<�d�<,6�A��R��<,3
1.�.�����
B.�,3��(<C)�3+���
B�:Y}Å>+-"6�0
1�3
�Å1
B(�M-(O��
B,3����FH�%�0( ��,Dt[
B,6�A46+%,3,#"3,3.;+%q·�P�ªÅ��ÅB��,#�d�<� X3!3�*43"3,3K#(2�*�?!#R��<��8�"c�6��.��*X3,6���<,	
��0(�=

z�q³!3
1���m��
1��� �%+8Å1��, Ä��Q��
1,3.�"3,3.���,�R��<
1( �Q�A( .���!3��,W�|.���,W+-"o,6+���!38�"/7)��Å�ÅB8�
1�<!3��,UC
R2
B���|�6��
�������R��<
1( �<� ��,pV�,#R���,6�#"3,3.h�#�%�'�	��!/� �6+8Å1K)��,3q��#����Å�Å>���#
1�cY����A
B( 
1��,o�����



¦ �

0,0

0,3

0,6

0,9

1,2

0,0 0,2 0,4 0,6 0,8 1,0

Bez. Längsposition z/lges

Ö
rt

lic
he

 A
us

ba
uc

hu
ng

 w
 in

 m
m

Stranginnenseite

Strangaußenseite

w'(z=lges) = -1,34 10-3

w'(z=lges) = 1,34 10-3

w''(z=0) = 0
w'(z=0) = 0
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Stranginnenseite

Strangaußenseite

w''(z=0) = -2,92 10-3 m-1

w''(z=0) = 2,92 10-3 m-1

w'(z=0) = 0
w'(z=lges) = 0
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Instationäre Rechnung:
- Randbedingungen aus stationärer Rechnung
- Anfangszustand: w''(z) = 0 
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Anregung: Schalendicke s0

Antwort: Gießspiegelhöhe hML
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Ì�Ë+�,ÌU§�ËQÏ.Ö�Ì�×�ÐUËQ¦6Ñ�ß�¦�ËQ�ãÑ�èðËQ¦6Ñ�Ë+§NËQÏ�çLËQÏfÏ.ÒRÑ�Î�Ó>Î.¦6ÑfÔ­Õ�ËQÌYV^X#Õ�Ë_[�\�ÐpËyè�¦�Ï.Ü�Î�ËQ¦�Ì�Ë+�rÌU§NË��
ÏfÖ�Ì�×�§�Ë>Ñ1��¦�ËQ×#ËyÝ�Ò#Ý�ËyÌRÎ.Ë>Ñ�çLò�Ï�§�ËQÌ+×#Ë>ÑfÓ%Ý�Î.ËQÌ�ÐUËQÎfÏ�Ó#Ô�Õ�Î.ËQÎfËQÌ+÷RÎ.ÏbÓ%Ì�×kÓ%ÐUÑfÔ­Õ�Ì�¦�Î.ÎyéRø,¦�Ë
÷@Ô­ÕUÓ>��ËQÌÀ§N¦6Ô�ÜRË���¦ãÑ�Î«§�Ó%×#Ëy×#ËQÌ+ËQ¦�Ì���Ò#Ü�Ó>��ËQÏ@8�Ó%ÏbÓ%Ý�ËyÎ.ËQÏyéQ��ËQ¦�§NËyÏ�ø,¦ãÑ�Ü�ÖUÑ.Ñ�¦�Ò�Ì�§NËQÏ<Ò#ÐUËQÌ
§�Ó%Ï.×�Ë>Ñ�ÎfËQ����Î.ËQÌ!ê�Ï.×�ËQÐ�Ì�¦ãÑ.Ñ�Ë�èðËQÏ�§NËyÌ�§N¦�Ë>Ñ�Ë¾ÐpËy¦6§NËQÌ å�á%����Ër×#ËQÎfÏ.ËQÌ�Ì�Î�àRÒ�Ì�ËQ¦�ÌUÓ%ÌU§�ËQÏ«ÐpË��
ÕÀÓ%ÌU§NËy��ÎQé

243��43�` J�SLacb1��SI=Ad,��;>��eD=Wf>=�;
gG¦�Ï�§�ËQ¦�Ì�Ë�ÛQËQ¦�Îf��¦ãÔ­Õ�ËkØRÑ�¦�ÌNÖUÑ
çLX#ÏfÝ�¦�×�Ë��,ÌU§NËyÏ.Ö�Ì�×�ËQ¦�Ì�ËQÏr§NËQÏ�ÐUËQ¦ã§NËQÌ5:,Ï'X#Ú�ËQÌhO Ö�ÌU§
i�j ¦�Ì!§NËQÏ£Ô­ÕUÓ>Ï�Ó>ÜNÎfËQÏ.¦ãÑ�Î.¦ãÑ.Ô�Õ�Ëðå�Ï.Ë>æRÖ�ËQÌ�Û ì í6î�ï ¤«àRÒ#Ïf×#ËQ×�ËQÐUËQÌ4Ø#Ü�Ó>Ì�Ì�§�¦�Ë�?�Ï.ò�Ý!Ý'Ö�Ì�×RÑö�á>ÌU§NËQÏfÖ�Ì�×DÓ>ÌG§NËyÏó÷RÎfËQ����Ëw�¢ÌUá%Õ�ËQÏ.Ö�Ì�×RÑ�èðËQ¦6Ñ�ËK§NÖ�Ï�Ô�Õ-ËQ¦�Ì�Ë�ßpËyÏ.¦�Ò�§�¦6Ñ.Ô�Õ�Ë åÀÖ�Ì�ÜNÎf¦�Ò�Ì
ÐUË>ÑfÔ­Õ�Ï.¦�ËyÐpËyÌ�è�ËQÏb§NËQÌ4é���ËQ¦ãÑ�ß�¦�ËQ��ÕÀÓhçLÎ«¦6Ñ�Î�¦�Ìk:r��Ëy¦6Ô�ÕNÖ�Ì�×Y<lHVmW=ð§N¦�Ë�?�Ïfò�Ý�Ý�Ö�Ì�×RÑfá%ÌU§�Ë��
ÏfÖ�Ì�×� CBEDFD ���	� Ó>�6Ñ�÷R¦�Ì�ÖUÑöçLÖ�Ì�ÜNÎf¦�Ò�Ì�Ó>ÖUÑ�×�Ë>§NÏfòUÔ­Ü�ÎQé

 YB DFD ���	� �
B DFDn � ï �;o  CB DFDÿ ïqp5rqsut � ��v ì í6î�ï ¤ �M��w �l�yx�z|{�� � <IHVmW=
n�¦�Îð§NËQÝ Z
ÌU§�Ë~}�� �+�W� ¦6Ñ�Îõ§NËQÏ«Ö�Ì�Î.ËQÏðÑ�Î�Ó%Îf¦�Ò�ÌUá%ÏfËQÌw��Ë>§N¦�Ì�×#Ö�Ì�×�ËQÌ�×#ËQ×�ËQÐUËQÌ�Ë�gYËQÏ.Î

×�ËQÜRËQÌ�Ì�ÛQËQ¦6Ô�Õ�Ì�ËyÎQé�ø,¦�Ë^:rÏ+X�Ú#Ëõ YB9DFDÿ ïqp ÐUË>ÑfÔ­Õ�ÏfËQ¦�Ð�Î<§N¦�ËðÙ,Ý�ß���¦�ÎfÖU§NË<àRÒ#ÌÄ YB9DFD �L�	� é>ø,ËQÏË�}�Ó>ÜNÎfË�ô©ËyÏ.�6Ó>ÖNç4¦�Ì�Ì�ËQÏfÕUÓ%��Ð+ËQ¦�Ì�ËQÏ�8£ÕÀÓ#Ñ�Ë¾¦6Ñ�Î«Õ�¦�ËQÏ�Ì�¦ãÔ­Õ�Î�àRÒ�Ì���ËQ�ãÓ%Ì�×��Rè�Ë>Ñ�ËQÌNÎf��¦ãÔ­Õv¦6Ñ�Î
à�¦�Ëy��Ý�Ë�Õ�ÏQØ[§�Ó%Ú� YB9DFD ���	� Ó>Ì-ËQ¦�Ì�ËQÏ�81ÒRÑ�¦�Îf¦�Ò#Ìä�KËQÐUËQÌUÑ�ÒKËQ¦�Ì�ËyÏ/ßUËQÏ.¦�Ò�§N¦6ÑfÔ­Õ�ËQÌ-â¾Ñ�ÛQ¦��}�
�ãÓ%Îf¦�Ò#ÌK¦�ÌY§NËQÏ�å�ÏfË>æ@Ö�ËQÌ�Û ì í6î�ï ¤�Ö�Ì�Î.ËQÏfè�Ò�Ï�çLËQÌK¦ãÑ�ÎQé[ø�Ó�ËQ¦�Ì�ËÄ�,ÌU§NËyÏ.Ö�Ì�×w§NËyÏZ:rÏ+X#Ú�ËQÌO Ö�ÌU§ iVj ×���Ò�ÐUÓ%�ðÓ%Ö�ç�§�ËQÌK×#Ë>ÑfÓ%Ý�Î.ËQÌK÷RÎfÏ�Ó>Ì�×RÓ>ÐUÑ.Ô�Õ�Ì�¦�Î.Î�è�¦�ÏfÜNÎyØÀëUÌÀ§NËQÎ�§N¦�Ë+§NÖ�Ï�Ô�Õ
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:r��ËQ¦6Ô�ÕNÖ�Ì�×k<IH�m>=¾ÐpËhÑ.Ô�Õ�Ï.¦�ËQÐUËQÌ�Ë�â�Ñ�ÛQ¦����6Ó>Î.¦�Ò�ÌKß�ÕUÓ�Ñ�ËQÌ�×���ËQ¦ãÔ­Õ�Ó%Ì Ó%����ËQÌG81ÒRÑ�¦�Î.¦�Ò#Ì�ËyÌD�
Ñ�Î�Ó>Î.ÎQé
��¦��ã§'¡#¡�ÛQËQ¦�×#Î�çLò�ÏrËQ¦�Ì�Ë/÷RÎ.ò�Î.ÛQèðËQ¦�ÎfË�Ñ.Ô�Õ�ËQÝ�Ó>Î.¦ãÑ.Ô�Õ�§NËyÌ�ô«ËQÏ.�ãÓ%ÖNç<àRÒ�ÌK CB DFDu���	� çLò�Ï

Ûyè�ËQ¦«Ö�Ì�Î.ËQÏbÑ.Ô�Õ�¦�Ëh§N��¦ãÔ­Õ�Ë�ÞUËy¦�Î.ß�Ö�Ì�Ü�Î.ËRé<ø�Ó>Ï.×#ËhÑ�Î.Ëy����ÎÄÑ�¦�ÌU§D§N¦�Ë�ÐUËQ¦ã§NËQÌDê�}�Î.ÏfËQÝ�Ñ�¦�Î.ÖUÓQ�
Îf¦�Ò�Ì�ËQÌ4é�Ù,ÌUÑ.Ô�ÕUÓ>Ö���¦ãÔ­Õ�ÐUË>§NËQÖ�ÎfËQÎ�Ëy¦�Ì�ÐUËQÎfÏ�Ó%×kÑ�Ý�á>Ú#¦�×'Ý�Ó|}N¦�Ý�Ó>��ËQÏ@g¢ËQÏfÎ�àRÒ�Ì� CB DFD��L�M�
ËyÌNÎ�è�Ëh§NËQÏ�Ëy¦�Ì�Ý Ó�}�¦�Ý�Ó>��ËyÑ���¦�Ëy×#ËQÝ�Ò�Ý'ËyÌNÎ�<I¦�Ý�åpÓ>���4ËQ¦�Ì�ËQÏ�÷�Ô�Õ�è�Ó%Ì�ÜNÖ�Ì�×�§NËyÏ çLËQÏfÏ.Ò>�
Ñ�Î�Ó>Î.¦6ÑfÔ­Õ�ËQÌKV^X�Õ�ËV=ðÒ�§NËQÏ�Ëy¦�Ì�Ë�Ý�¦�Ì�¦�Ý�Ó>��Ë�:r¦�ËQÚ�×#Ë>ÑfÔ­Õ�è�¦�ÌU§�¦�×#ÜRËy¦�Î�<6çLò�ÏrËQ¦�Ì�Ë�÷�Ô�ÕNèõÓ%ÌN�
Ü�Ö�Ì�×�§�ËQÏ�:r¦�ËQÚ�×#Ë>ÑfÔ­Õ�è�¦�ÌU§�¦�×#ÜRËy¦�Î�=bé

Position zwischen Rollenberührpunkten
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maximale Krümmungsänderung

minimale Krümmungsänderung

t = n 0,25/ fchar

 t = n 0,75/fchar
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�
Ý çLÒ���×�ËQÌU§NËQÌ�è�¦�Ïb§+§N¦�Ër��Ëyè�ËQ×�Ö�Ì�×�ËQ¦�Ì�Ë>Ñ©÷kÎ.Ï�Ó>Ì�×RÑfÔ­ÕÀÓ%��ËyÌ�ËQ��ËyÝ�ËQÌ�Î.ËyÑ�ÐpËyÎ.Ï�Ó�Ô­Õ�Î.ËyÎQØ
§�Ó#Ñ~¦�ÌY��¦��ã§�¡#¡K§�Ö�Ï�Ô�Õ¢Ëy¦�Ì�ËQÌ5?�ÏfËQ¦6Ñ�Ñq��Ý�ÐpÒ���¦ãÑ�¦�ËyÏ.Îr¦6Ñ�Îyé1ÞUÖ�ÝzÞUËQ¦�Î.ß�Ö�Ì�ÜNÎ � � \ 
 ���

�I�u�q�l�ÐUË�ëÀÌU§NËQÎvË>Ñ/Ñ�¦6Ô�ÕDÓ%ÌDËQ¦�Ì�ËQÝ���Ò#����ËQÌ�ÐUËQÏ.ò�Õ�Ï.ß�Ö�Ì�ÜNÎyé<ø,Ò#ÏfÎ+¦6Ñ�ÎÄ YB9DFD ���	� ßUÒRÑ�¦�Îf¦�àYÖ�ÌU§
×�ËQÏ�Ó�§NËrÐpËyÎ.Ï�Ó>×RÑ�Ý�á%Ú�¦�×�Ý�Ó�}�¦�Ý Ó%�
éV:rËQÝ á%ÚZ:r��Ëy¦6Ô�ÕNÖ�Ì�×_<IH�m>=�ÐUË>§�ËQÖ�Î.ËyÎ«§�Ó#Ñ�Ø�§�Ó%ÚvÕ�¦�ËQÏ
ËyÌNÎ�è�Ëh§NËQÏ4ËQ¦�Ì�Ë«Ý�¦�Ì�¦�Ý�Ó%��ËBçLËyÏ.Ï.ÒkÑ�ÎbÓ%Î.¦ãÑ.Ô�Õ�Ë9��X#Õ�ËðÒ�§NËQÏ�ËQ¦�Ì�Ë�Ý Ó�}�¦�Ý���Ë�:,¦�ËQÚ#×�Ë>Ñ.Ô�Õ�è�¦�ÌN�
§�¦�×#ÜRËy¦�Î�×�ËQ×#ËyÐpËyÌó¦ãÑ�Îyé
�
Ý èðËQ¦�ÎfËQÏ.ËyÌ ô«ËQÏf�6Ó>ÖNç�è�¦�Ïb§G§NËQÏ�ÐUËQÎfÏ�Ó�Ô­Õ�Î.ËQÎfËk],Ö�ËQÏ�ÑfÔ­Õ�Ì�¦�Î.Î�¦�Ì�§�¦�Ëk��¦�Î.ÎfËK§NËQÏ

÷kÎ.ò�ÎfÛQè�ËQ¦�Î.Ë+ÎfÏ�Ó%ÌÀÑ�ßUÒ#ÏfÎ.¦�ËyÏ.ÎQØ<è�ÒwËQÏ+Ñ�¦6Ô�Õ¢ÛQÖ�ÝzÞUËQ¦�Îfß�Ö�Ì�Ü�Î � � \ 
 ���
� �����I� ÐUË�ëÀÌU§NËQÎyé�ø,ËQÏ
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§�Ò#Ï.Îù×#ËQ×�ËQÐUËQÌ�Ë9gYËQÏ.Î�àRÒ�Ì� YB9DFD ���	� ¦6Ñ�Î�Ì�ËQ×kÓ%Îf¦�à�Ö�ÌU§+ÐUËQÎ.ÏbÓ%×RÑ�Ý�á%Ú�¦�×�Ý!¦�Ì�¦�Ý�Ó%�eé�ør¦�Ë>Ñ�Ë
?�Ïfò�Ý�Ý�Ö�Ì�×RÑfá%ÌU§�ËQÏ.Ö�Ì�×~¦ãÑ�Î�Ü���ËQ¦�Ì�ËQÏõÓ%�6Ñ�¦�Ý Ñ�ÎbÓ%Îf¦�Ò#ÌÀá%Ï.ËyÌK��ËQÎfÏ.¦�ËyÐUÑ�ÛQÖÀÑ�Î�Ó>ÌU§�é
��ËQ¦�Ý!ËQÕ�Ï.ËyÏ.ËQÌ�Ó%ÖNçLËy¦�ÌUÓ>ÌU§NËQÏ/çLÒ���×#ËyÌU§NËQÌG÷RÎfò�Î.ÛQèðËQ¦�ÎfËQÌÆ×���ËQ¦ãÔ­Õ�ËyÏ��7á>Ì�×#Ëwè�¦�Ë>§�ËQÏ��

Õ�Ò#��ÎõÑ�¦ãÔ­Õ!§N¦�ËhÑ�ËQÏ«ô«Ò#Ïf×RÓ%Ì�×�éUå1ò�Ïõ§NËQÌ�ÐUËQÎfÏ�Ó�Ô­Õ�Î.ËQÎfËQÌ�]rÖ�ËQÏbÑ.Ô�Õ�Ì�¦�ÎfÎðÓ%Ü�ÜNÖ�Ý�Ö���¦�ËQÏfÎ�Ñ�¦6Ô�Õ
§�Ó#§NÖ�ÏbÔ­ÕwËQ¦�Ì�Ë�ßUÒRÑ�¦�Î.¦�àRË/ÙrÐNèðËQ¦6Ô�ÕNÖ�Ì�×+§NËyÏ�?�Ï.ò�Ý�Ý+Ö�Ì�×vàRÒ#Ìw§NËQÝ�gYËQÏ.ÎyØU§NËQÏ�Ö�Ì�Î.ËQÏ
Ñ�Î�Ó>Î.¦�Ò�ÌUá%ÏfËQÌK��Ëh§N¦�Ì�×�Ö�Ì�×�ËQÌ�ÐpËyÏ.Ë>Ô�Õ�Ì�ËQÎðè�Ö�Ï�§�ËRé
ê�¦�ÌÆÛQèðËQ¦�ÎfË>Ñ2]rÖ�ËQÏbÑ.Ô�Õ�Ì�¦�Î.Î�Ñ�ËQ��ËyÝ�ËQÌRÎQØ7§NË>ÑfÑ�ËQÌ 81ÒRÑ�¦�Î.¦�Ò#ÌÆ¦�Ý�Ù,ÐUÑ�Î�Ó%ÌÀ§¢ËQ¦�Ì�ËQÏ�ÕUÓ%�|�

ÐUËQÌY÷RÎ.ò�Î.ÛQèðËQ¦�ÎfË~ÛyÖK§NËQÝ ÛQÖ�àRÒ#ÏrÐpËyÎ.Ï�Ó�Ô­Õ�Î.ËyÎ.ËQÌwê���ËQÝ!ËQÌNÎð��¦�ËQ×#ÎyØ�ÐpË�ëUÌU§NËQÎtÑ�¦6Ô�Õ�ÛQÖ�Ý
ÞUËy¦�Î.ß�Ö�Ì�Ü�Î � � \ 
 ���

�I�u���I� Ó>Ì�ËQ¦�Ì�ËyÝR��Ò#����ËQÌ�ÐpËyÏ.ò�Õ�Ïfß�Ö�Ì�Ü�ÎQékø,ËQÏ�§�Ò#Ï.Îð×#ËQ×�ËQÐUËQÌ�ËrßUÒRÑ�¦�Î.¦�àRË
gYËQÏfÎ�àRÒ#Ì� YB9DFD ���	� ¦6Ñ�Î�ÐUËQÎfÏ�Ó%×kÑ�Ý�á>Ú#¦�×óÝ!¦�Ì�¦�Ý�Ó>�4Ö�ÌU§¢ÐUËQè�¦�Ï.Ü�Î�ËQ¦�Ì�Ë+ËQÌNÎbÑ�ß�ÏfË>Ô�Õ�ËQÌU§
×�ËQÏ.¦�Ì�×#Ë�?�Ï.ò�Ý�Ý'Ö�Ì�×RÑfá%ÌU§NËyÏ.Ö�Ì�×�é
�
ÌÆ§NËyÏ_��¦�ÎfÎ.Ë�§NËyÏ'÷RÎfò�Î.ÛQèðËQ¦�ÎfË�§�Ó%×�ËQ×#ËyÌÆËQÏ�çeá>Õ�Ï.ÎÄ§�Ó#Ñ�ÛQè�Ëy¦�Î.Ë�]rÖ�ËyÏ�Ñ.Ô�Õ�Ì�¦�Î.ÎbÑ�ËQ��Ë��

Ý!ËQÌNÎvËQ¦�Ì�ËóÕ�Ò#Õ�ËKÌ�Ëy×RÓ%Îf¦�àRË¡?tÏfò�Ý�Ý+Ö�Ì�×RÑ.á>ÌU§NËQÏfÖ�Ì�×�é«ø,ËQÏ�ô©Ò�Ï.×kÓ%Ì�×DàRËQÏf�6á%Ö�çLÎ�Ó%�6Ñ�Ò
ßÀÓ%Ï�Ó>����ËQ��ÛQÖw§NËyÝ ÛQÖ�àRÒ�Ï�ÐUË>Ñ.Ô�Õ�Ïf¦�ËQÐUËQÌ�ËyÌ4Ø�Ó>ÐpËyÏ,Ý�¦�Î«Ö�Ý�×#ËyÜRËQÕ�Ï.ÎfËQÝ ô«Ò#ÏfÛQËQ¦6Ô�Õ�ËQÌ!§NËQÏ
?�Ïfò�Ý�Ý�Ö�Ì�×RÑfá%ÌU§�ËQÏ.Ö�Ì�×�é7ø,¦�ËJ?�Ïfò�Ý�Ý+Ö�Ì�× §NË>Ñ�ÛQè�Ëy¦�Î.ËyÌ¢]rÖ�ËQÏbÑ.Ô�Õ�Ì�¦�Î.Î.ËhÑ,è�ËQ¦ãÔ­Õ�Î�¦�Ì
Ì�ËQ×RÓ>Î.¦�àRËyÏ£��¦6Ô�Õ�Î.Ö�Ì�×vàRÒ#Ì�§�ËQÝ¤gYËQÏfÎ�Ó%Ð[Ø�§NËQÏõ§NËQÌwÑ�ÎbÓ%Îf¦�Ò#ÌÀá%Ï.ËyÌ���Ëh§N¦�Ì�×�Ö�Ì�×�ËQÌ�ËQÌ�Î��
Ñ�ß�Ï.¦ãÔ­Õ�ÎQé
ÞUÖ�Ï<ô©ËyÏ�Ó%ÌÀÑ.Ô�ÕUÓ%Ö���¦6Ô�ÕNÖ�Ì�×�ÛQËQ¦�×#ËQÌv§N¦�Ë���¦��ã§NËQÏ4¡¥H,Ö�ÌU§/¡¥m çLò�Ïù§�Ó#Ñ1Õ�¦�ËQÏ<ÐUËQÎ.ÏbÓ#Ô�ÕNÎfËQÎ.Ë

��Ò�§�ËQ����ËQ¦�Ì�ËQÏ<ø,ò�Ì�Ì�Ð�ÏbÓ%Ý�Ý�ËyÌUÓ%Ì��ãÓ%×�Ë�§�ËQÌ+ô«ËQÏ.�ãÓ%ÖNç7§�ËQÏ�?�Ïfò�Ý�Ý�Ö�Ì�×©çLò�Ï«§N¦�ËðÐUËQ¦6§NËyÌ
ÛyÖ�àRÒ#ÏðÐpËyÎ.Ï�Ó�Ô­Õ�Î.ËyÎ.ËQÌJ]rÖ�ËQÏ�ÑfÔ­Õ�Ì�¦�ÎfÎ�Ñ�Ëy��ËQÝ�ËQÌ�Î.Ë�é#��¦��6§'¡¥H/×#¦���Î©çLò�ÏðËQ¦�Ì�Ë�Ù,Ì�Ï.ËQ×�Ö�Ì�×�§NËQÏ
:r¦�ËQÚ#×�Ë>Ñ.Ô�ÕNè�¦�ÌU§N¦�×#ÜRËQ¦�Î iVj ØR��¦��6§/¡Wm�çLò�Ï«ËQ¦�Ì�ËrÙ,Ì�Ï.Ëy×#Ö�Ì�×Ä§NËQÏ�÷RÎ'X#Ï.×�Ï+X�Ú#Ë� C[�¦¨§ª©>é�ø,¦�Ëø¾Ó%Ï�Ñ�Î.ËQ����Ö�Ì�×�ËQÌNÎbÑ�ß�Ïf¦6Ô�ÕNÎ7ËQ¦�Ì�ËQÏ4��ËQÎfÏ�Ó�Ô­Õ�Î.Ö�Ì�×�ÌUÓ#Ô�Õ_�7Ó%×#ÏbÓ%Ì�×�ËRØR§�éQÕ[é>§NËQÏ<��ËQÒ�ÐUÓ#Ô�ÕNÎfËQÏ
ÐUËQèðËQ×#ÎrÑ�¦6Ô�Õ�Ý�¦�Î�§NËQÝ*�.ËQèðËQ¦��ãÑ©ÐUËQÎ.ÏbÓ#Ô�ÕNÎfËQÎ.ËyÌ;]rÖ�ËQÏ�ÑfÔ­Õ�Ì�¦�ÎfÎ�Ñ�Ëy��ËQÝ�ËyÌRÎQé
ø,¦�Ë�?�Ï.ò�Ý�Ý'Ö�Ì�×/¦�Ý ô«ËQÏ.�ãÓ%ÖNç£§NË>Ñ�«BÏbÓ%ÌUÑ�ßUÒ#Ï.ÎfË>Ñ�§NÖ�ÏbÔ­Õw§�Ó�Ñ~÷RÎ.ò�Î.ÛQ×�ËQÏ.òUÑ�Î,Ö�ÌNÎfËQÏ��
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