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�W�XYZY[XW\W�]�����^_`abW�c�^_dec�efagYXha�[Zbija�k^Yb�l\aYb� bmbW\XY_W�mcnopbZdq�eY

roZZofq�sbonc^Wabiofq�iZtmo[q���o�lYloa`q�W[X`�opY\ZYXWb�eY�roZZt�rZYoaYiXdnWXW�ro[

rW_o[ebtuo[a� XW� [Zbit� W[Xt� �`eoa� Wpo_t� Xbq� nc^Wabikq� Xo[q� bmb`XcXYq	� eY� e^kec� nY� XW

rW_WmoebWit�iWXWeiY[WeXbit�[Zbit�`rhq�o�^tZ[sWq
�Xo�WZo[n\abo�iWb�Xo�vfZo�� �mb`XcXYq

`rhq� c� W[vcnkac� Ybmbid� WaXo^d
� c� W[vcnkac� Ybmbid� m[eiWnw\W
� Xo� W[vcnkao� `_bo

i`rhecq
� c� m[eg_W[eX`XcXW
� c� WaX\eXWec� eXo� rY_bstZZoa� �r�^�� gWZteebo� mbWs_hXbi`

rY_bstZZoa	� iWb� i[_\hq� Xo� nYbhnkao� st_oq� k^o[a� iWXWeXdeYb� XW� efagYXW� [Zbit� roZf

YZi[eXbit� lbW� iZtmo[q� `rhq� c� WY_ombWeXcnbid
� c� WY_oaW[rclbid
� c� aW[rclbid
� c

W[XoibacXosbonc^Wa\W�iZr�

�Xob^Y\o� iZYbm\� eXc� e^Ym\Wec� iWXWeiY[ja
� `ro[� Xo� i`eXoq� iWb� Xo� st_oq� Y\aWb� i_\ebnW


WroXYZY\�c�Watlic�Xcq�YinYXtZZY[ecq�Xha�r_oWaWpY_gkaXha�rZYoaYiXcntXha�eY�`eo�Xo

m[aWX`a� nYlWZfXY_o� sWgn`�� bW� aW� iWXWeXY\� W[X`� YpbiX`
� r_krYb� aW� iWXWaodeo[nY� eY

stgoq� Xbq� bmb`XcXYq� iWb� Xoa� X_`ro� e[nrY_bpo_tq� XkXobha� [Zbija� [r`� Xca� Yr\m_Wec

mbWp`_ha� po_X\eYha� iWgjq� iWb� Xo[q� nc^Wabenofq� WeXo^\Wq� Xo[q���� WeXo^\W� nro_Y\� aW

r_okZgYb� Wr`� Xca� frW_vc� WXYZYbja� ��x�xy�z	 ro[� mcnbo[_lofaXWb� iWXt� Xc� ptec� Xcq

iWXWeiY[dq�Xha�[Zbija�W[Xja����{|��y�|��{} �x�xy�z	 d�Wr`�sZtsYq�iWb�WXkZYbYq������}x	

ro[� mcnbo[_lofaXWb� d� YrYiXY\aoaXWb� iWXt� Xc� ZYbXo[_l\W� ��{�zx���yx ����}x	 Xha

iWXWeiY[ja�W[Xja�

�� WatrX[vc� Ya`q� e[eXdnWXoq
� Ya`q e[a`Zo[ i_bXc_\ha
� kXeb� jeXY� aW� YvWepWZ\uYXWb

YrW_idq� monbid� WeptZYbW� iWb� WvborbeX\W� ^h_\q� Xc� ^_dec� nYltZha� e[aXYZYeXja

WepWZY\Wq
�ro[�gW�YrbX_kwYb�Xc�skZXbeXc�^_dec�iWb�YinYXtZZY[ec�Xha�efagYXha�[Zbija


r_o~rogkXYb�Xca�eY�stgoq�iWXWa`cec�Xo[�rhq�Yrbm_ofa�ob�WXkZYbYq eXca�WaXo^d�iWb�eXc

e[nrY_bpo_t�Xha�efagYXha�[Zbija���Xo�rZW\ebo�W[X`�WaWrXfeeYXWb�iWb c�Y_lWe\W�W[Xd


iWgjq� WaXbiY\nYa` Xcq� WroXYZY\� c� iWXWa`cec� Xcq� Yr\m_Wecq� Xo[� Wro^h_benof� Xha

eX_jeYha�eXW�bajmc�efagYXW�[Zbit�

�q� WXkZYbW� nro_Y\� aW� o_beXY\� c� orobWmdroXY� Wr`iZbec� Wr`� Xo� bmWabi`� d� Wr`� Xc

r_ombWl_Wp`nYac lYhnYX_\W�� �� Ynptabec� WXYZYbja eY� kaW� efagYXo� [Zbi`� Y\aWb

WaWr`pY[iXc���b� WXkZYbYq� W[Xkq� k^o[a� aW� itao[a� nY� Xbq� \aYq
� nY� Xca� _cX\ac� iWb� nY� Xoa

mYen`�nYXWvf�_cX\acq�iWb�baja�

�[adgYbq� WXkZYbYq ro[� YnpWa\uoaXWb� eXW� efagYXW� [Zbit� iWXt� Xc� iWXWeiY[d� d� Xca

YrYvY_lWe\W�Xo[q�Y\aWb�

• �liZY\enWXW�vkaha�ehnWXbm\ha���{y�|z��{z	

• �rtebno�Xha�Yabe^[Xbija�baja�����x� ��x���}x	

• �[eX_opd�baja�c�_[X\mbWenW�W[Xja�����x� ���{���{} �� ��{��{}	

• �c� iWZd Y[g[l_tnnbec
� rW_Wn`_phec
� mcnbo[_l\W� i`nsha� d� erYb_ja� eXbq� \aYq

����x� ��z���}{�x{�
 ��z������{
 �{��z �!���z	

• �orogkXcec� eX_jeYha� nY� ZWagWenkac� eYb_t� nY� WroXkZYenW� tZZYq� nc^Wabikq

bmb`XcXYq�
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• "o_jmYq� �#���z��$	
� YliZY\enWXW� Wk_W� d� tZZha� eXob^Y\ha� rbgWajq iWXt� Xca

WatnYbvc�Xcq�_cX\acq���ro_ofa�aW�ZYbXo[_ldeo[a�hq�ecnY\W�e[likaX_hecq�Xtecq

iWb� aW� nYbjeo[a� itrobYq� nc^Wabikq� bmb`XcXYq�� �o� ro_jmYq� nro_Y\� aW� gYh_cgY\

WnYZcXko�Yta�Y\aWb�Xcq�Xtvcq�khq�%�&'

• �c�biWaorobcXbi`q�YnroXben`q�_cX\acq

• (ro^h_ben`q� eX_jeYha �)x����{����{	�� ([Xof� Xo[� Y\mo[q� c� WXkZYbW� nro_Y\� aW

r_oifwYb�iWb�iWXt�Xc�mbt_iYbW�iWXWeiY[dq�WZZt�iWb�iWXt�Xc�ZYbXo[_l\W
�iWb�nro_Y\

aW�k^Yb�WropWebeXbid�Yr\m_Wec�eXbq�nc^Wabikq�bmb`XcXYq
�bm\hq�[r`�gZ\wc�

• (XkZYbYq�Z`lh�nc�eheXdq�mbWmbiWe\Wq�roZ[nY_benof�iWb�eiZd_[aecq�Xcq�_cX\acq

• "W_Wnkao[eYq� XteYbq�� *WXt� Xoa roZ[nY_ben`� Xcq� _cX\acq� WaWrXfeeYXWb

gY_noi_We\W� �`^b� rWaXof� c� \mbW	� � c� oro\W� nro_Y\� aW� r_oiWZY\� WaonobolYad

mbWeXoZd� iWb� e[eXoZd� �`XWa� YrWakZgYb� rZkoa� eY� gY_noi_We\W� rY_bstZZoaXoq� Xo

[Zbi`	�eXbq�Yabe^[Xbikq�\aYq��

(XkZYbYq� `nhq� mcnbo[_lofaXWb� iWb iWXt� Xc� ZYbXo[_l\W� Xha� iWXWeiY[ja� W[Xja�

+rY_soZbi`� eXWXbi`� po_X\o[
� i_o[eXbit� po_X\W
� i`rhec
� [rY_gk_nWaec� iWb� pWba`nYaW

Y_r[enof�nro_ofa�aW�mcnbo[_ldeo[a�WXkZYbYq���b�rbo�e[adgYbq�Y\aWb�

• (ro^h_ben`q�eX_jeYha���x����{����{	

• ,hlnkq �y��y�z	

• �\eomoq [l_We\Wq ��{}�xzz�������z�|�x	

• �rtebno d Z[lben`q Xha baja ����y�|�x�����|y���{}�������x�z	

• (eXo^\W eXc mbYrbptaYbW \aWq iWb ndX_Wq �����|�x�����!x��{�x���yx��x��xx{��!x����x�z

�{�������-	

"W_WitXh�gW�mofnY�nY�rY_bee`XY_c�ZYrXonk_YbW�itrobYq�Wr`�Xbq�rW_Wrtah�WXkZYbYq�

�liZY\enWXW�vkaha�ehnWXbm\ha���{y�|z��{z	

�W� YliZY\enWXW� vkaha� ehnWXbm\ha� nro_ofa� aW� r_oifwo[a� iWXt� Xc� mbWmbiWe\W

iWXWeiY[dq� Xha� efagYXha� YvWbX\Wq� Xcq� frW_vcq� XkXobha� ehnWXbm\ha� �iWXt� Ztgoq	� nkeW

eXW� [Zbit� ro[� ^_cebnorobofaXWb� r�^�� aW rkeo[a� ehnWX\mbW� nkeW� eXc� _cX\ac� iWXt� Xca

WatnYbvd� Xcq� nY� Xoa� eiZc_[aXd�� �W� YliZY\enWXW� W[Xt� nro_ofa� aW� [rosWgn\eo[a� Xbq

nc^Wabikq� bmb`XcXYq� iWb� nro_Y\� aW� ZYbXo[_ldeo[a� iWb� eWa� ecnY\W� Yii\acecq� iWb

mcnbo[_l\Wq�tZZha
�rbo�eosW_ja
�WXYZYbja�`rhq�Y\aWb�o Wro^h_ben`q�eX_jeYha� ([Xof

Xo[�Y\mo[q�ob�WXkZYbYq�Y\aWb�rY_bee`XY_o�rbgWakq�aW�YnpWabeXofa�eXc�nkgomo�Yr\eX_hecq

nY�Xo�^k_b��!�{� ��$�|�	 rW_t�eY�rbo�efl^_oaYq�nYg`mo[q�`rhq�c�nkgomoq�ki^[ecq�_cX\acq

��xz�{ ���{z�x� ��|���{}
 ./0	����Yr\m_Wec�Xha�YliZYbentXha W[Xja�eXca�WiY_Wb`XcXW�iWb

eXca�WaXo^d�YvW_XtXWb�Wr`�Xc�gkec�iWb�Xc�pfec�Xo[�itgY�YliZY\enWXoq� ��rhq�pW\aYXWb

iWb�eXca�Ybi`aW�%�%
�YliZY\enWXW�nro_ofa�aW�[rt_vo[a�eXo�YehXY_bi`�Xcq�_cX\acq�iWb�eXc

mbYrbptaYbW�Xha�mfo�eX_jeYha� �W�YliZY\enWXW�nro_ofa�aW�YaXorbeXofa�Wr`�mbtpo_o[q

nc� iWXWeX_YrXbiofq� YZkl^o[q� `rhq� c� nkgomoq� [rk_c^ha� �|����z�{�y 1�zy�{	 iWb� nY

_Wmbol_Wp\W��2������}���!$	�
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�bi`aW�%�% � �liZY\enWXW�vkaha�ehnWXbm\ha

�[eX_opd�baja�c�_[X\mbWenW�W[Xja iWb g_Wfec ����x� ���{���{} �� ��{��{} 4 ��x���}x	

�� WXkZYbW� W[Xof� Xo[� Y\mo[q� WaWpk_YXWb� eXo� pWba`nYao� `ro[� XndnW� Xha� baja� k^Yb

[roeXY\�e[eX_opd�eXo�Yr\rYmo�Xcq�eX_jecq
� `rhq�pW\aYXWb� ^W_WiXc_beXbit�eXca�Ybi`aW

%�&� �W	�� �kXobYq� WXkZYbYq� WrWe^oZofa� i[_\hq� iZtmo[q� `ro[� c� WiY_Wb`XcXW� iWb� c

e[nn`_phec�nY�Xbq�r_ombWl_Wpkq�Y\aWb�bmbW\XY_cq�ecnWe\Wq�`rhq�c�WY_ombWeXcnbid�iWb�c

Wn[aXbid� sbonc^Wa\W�� 5ZZo� kaW� r_`sZcnW� ro[� nro_Y\� aW� rW_o[ebtuo[a� ob� \aYq
� `rhq

pW\aYXWb�eXca�Ybi`aW�%�&��s	
 Y\aWb�aW�k^o[a erteYb Xorbit
�lYloa`q�ro[�omclY\�eY�nYltZo

rY_bo_ben`� Xcq� WaXo^dq� Xo[� [Zbiof�� �[adghq� W[Xkq� ob� WXkZYbYq� eXW� [ptenWXW� k^o[a

mcnbo[_lcgY\�r_ba�Xc�rW_tmoed�Xo[q�Wr`�Xca�YXWb_Y\W�rW_Wlhldq�eXo[q�o_lWabenofq�ro[

gW�XW�^_cebnorobdeo[a�lbW�Xc�iWXWeiY[d�efagYXha�[Zbija�

�W	�����������������������������������������������������������������������������������s	

�bi`aW�%�&� �^cnWXbid�WaWrW_teXWec��W	�e[eX_opdq�Xha�baja�iWb��s	�g_Wfecq�Xha�baja

�c� iWZd� Y[g[l_tnnbec
� rW_Wn`_phec
� mcnbo[_l\W� i`nsha� d erYb_ja� eXbq� \aYq� ����x�

��z���}{�x{�
 ��z������{
 �{��z �!���z	

��nc�iWZd�Y[g[l_tnnbec�Xha�baja�nro_Y\�aW�Y\aWb�Xorbid�d�iWb�rbo�lYabiY[nkac
 `rhq

pW\aYXWb� iWb� eXca� Ybi`aW� %�]
 W[X`� k^Yb� hq� e[akrYbW� Xca� Xorbid� WZZWld� Xo[� roeoeXof

rY_bYiXbi`XcXWq�eY \aYq�iWXt `lio�mcnbo[_ljaXWq�kXeb�WaonobolkaYbYq���rbrZkoa�nro_Y\�aW

[rt_vYb�iWb�Ztgoq Y[g[l_tnnbec�eX_jeYha��([X`�nro_Y\�aW�opY\ZYXWb�eY�Ztgoq�iWXt�Xc
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mbWmbiWe\W� Yr\eX_hecq� nY� Xo� ^k_b� �o� lYloa`q� W[X` nro_Y\� aW� Yrc_YteYb� Xc� e[aoZbid

WiWnw\W� iWb� WaXo^d� Xo[ roZfeX_hXo[�� �b� r_oWaWpY_gY\eYq WXkZYbYq� Y\aWb� Ya� m[atnYb

iWXWeX_opbikq� WXkZYbYq
� rW_�� `ZW� W[Xt� e[aWaXjaXWb� ertabW� eXbq� iWXWeiY[kq� iWgjq

ZWnstaYb� ^j_W� roboXbi`q� kZYl^oq�� �[adghq
 YvYXtuYXWb kaW� _YXtZb� Wr`� Xo� [Zbi` lbW� aW

YrbsYsWbhgY\� iWb� aW� YvWepWZbeXY\� rhq� c� rob`XcXW� Xo[� [Zbiof� Y\aWb� efnphac� nY� Xbq

r_ombWl_Wpkq�iWb�rhq�k^o[a�WropY[^gY\�ob�rW_Wrtah�WXkZYbYq�

�bi`aW�%�]� 7tgoq�Y[g[l_tnnbec�Xha�baja�nbWq�eX_jecq

"o_jmYq������z��$	 iWb�iYat�Wk_W

�o�ro_jmYq�nro_Y\�aW�rY_bl_WpY\�hq�kaW�nYltZo�efaoZo�Wr`�nbi_`�iYat
�itgY�kaW�Wr`

XW�oro\W�Y\aWb�X`eo�nbi_`�ro[�eWa�noatmW�ofXY�nro_Y\�aW�YaXorbeXY\�ofXY�k^Yb�bmbW\XY_c

ecnWe\W�iWb�Yr\m_Wec�eXc�e[nrY_bpo_t�Xo[�[Zbiof
�XW�oro\W�`nhq�e[ZZolbit�nro_ofa�aW

[rosWgn\eo[a� Xbq� nc^Wabikq� bmb`XcXYq� Xo[�[Zbiof�eY�nc�WromYiXt� Yr\rYmW���o�ro_jmYq

mcnbo[_lY\XWb� e[adghq� iWXt� Xoa� roZ[nY_ben`� iWb� Xca� eiZd_[aec� Xcq� _cX\acq� Wr`

p[eWZ\mYq� YliZhsbenkao[� Wk_W�� �o� pWba`nYao� W[X`� Y\aWb� W_iYXt� e[^a`� eXc� nkgomo

Yr\eX_hecq�nY�Xo ^k_b�eY�WaX\gYec nY�tZZYq�nYg`mo[q�r�^��nkgomo�ki^[ecq�_cX\acq�

�b�nYltZYq�WronoahnkaYq�p[eWZ\mYq�Wk_W�WaWpk_oaXWb�e[adghq�hq�iYat������z	���\aWb

W_iYXt�nYltZYq�jeXY�aW�nro_ofa�aW�YaXorbeXofa��nkeh�[rY_d^ha	���XWa�XkXobW�8Yr\rYmW8

iYat�YnpWabeXofa�roZZt nWu\�nYXWvf�mfo�eX_jeYha�omclofa�eXo�pWba`nYao Wro^h_benof

Xha� eX_jeYha���� mbWpo_oro\cec� nYXWvf� ro_jmo[q� iWb� iYaja� Wk_W� mYa� Y\aWb� Wr`Z[Xc


e[adghq� gYh_ofnY� Xo� ro_jmYq� `Xb� WroXYZY\XWb� Wr`� iYat� Xcq� Xtvcq� Xo[� mkiWXo[� Xo[

^bZboeXof�Yaj�rhq�XW�iYat� �����z	 `Xb Y\aWb�Xcq�Xtvcq�nY_bija�^bZboeXja� �Xca�Ybi`aW�%��

nro_ofnY�aW�mofnY�Xca�WaWrW_teXWec�Xha�WXYZYbja�W[Xja�eY�kaW�efagYXo�[Zbi`�

�o� ro_jmYq� nro_Y\� aW� ZYbXo[_ldeYb� hq� ecnY\o� e[likaX_hecq� XteYha� iWb� Yrbm_t

W_acXbit�eY�itrobYq�Wr`�Xbq�nc^Wabikq�bmb`XcXYq�Xo[�roZfeX_hXo[��*Wgjq�c�gZbrXbid�iWb�c

mbWXncXbid�WaXo^d�eXW�bajmc�efagYXW�[Zbit�YvW_XjaXWb�i[_\hq�Wr`�Xc�ndX_W
�ob�bmb`XcXYq

W[Xkq� Yrc_YtuoaXWb� W_iYXt� Wr`� Xc� frW_vc� Xo[� ro_jmo[q�� (r`� Xca� tZZc
� c� WaXo^d� eY

YpYZi[en`
�c�oro\W�YvW_XtXWb�WroiZYbeXbit�Wr`�Xbq�\aYq�nkaYb�e^Ym`a�WaYrc_kWeXc�Wr`�Xo

ro_jmYq� "o_jmYq�nk^_b�%�&'�nro_Y\�aW�gYh_cgY\�WromYiX`�
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�bi`aW�%��� �^cnWXbid�WaWrW_teXWec�ro_jmo[q�iWb�iYaja�Wk_W

�c�onob`no_pc�iWXWaond�_cX\acq��rY_\eeYbW�d�kZZYbwc�_cX\acq	

�b� nkgomob� iWXWeiY[dq� Xha� efagYXha� [Zbija� Y\aWb� kXeb� e^YmbWenkaYq� jeXY� aW

YvWepWZ\uYXWb�`eo�Xo�m[aWX`a�rbo�onob`no_pc�iWXWaond�Wr`� \aYq�iWb�_cX\ac�eY�`Zc�Xca

kiXWec�Xo[�efagYXo[�[Zbiof���\aWb�`nhq�p[ebi`�Yr`nYao
� Ybmbit�eXbq�nYg`mo[q�ro[�mYa

Y\aWb�rZd_hq�W[XonWXorobcnkaYq�iWb o�Wag_jrbaoq�rW_tloaXWq�rW\uYb�ecnWaXbi`�_`Zo
�aW

nca� YrbX[l^taYXWb W[Xd� c� ucXofnYac� onobono_p\W� �rhq� pW\aYXWb� iWb� eXca Ybi`aW� %��


e[akrYbW� Xcq� nc� onob`no_pcq� iWXWaondq� Xcq� _cX\acq� Y\aWb� c� mcnbo[_l\W� rY_bo^ja� nY

mbWpo_YXbid�rY_bYiXbi`XcXW�eY�\aYq�iWX��`lio�

�Xca�rY_\rXhec�rY_\eeYbWq� baja�k^o[nY� Xorbid�Wfvcec�Xcq�WaXo^dq�iWb� Xcq�WiWnw\Wq


Yaj� eXc� rY_\rXhec� rY_\eeYbWq� _cX\acq� k^o[nY� nY\hec� Xcq� WaXo^dq� iWb� Xcq� WiWnw\Wq�

"W_WXc_ofnY� Zobr`a� rhq� eY� itgY� rY_\rXhec� Xorbit� mcnbo[_lofaXWb� Waonobono_p\Yq

eXca�iWXWaond�Xha�XteYha
�pWba`nYao�ro[�nro_Y\�aW�omcldeYb�eXca�Yii\acec�tZZha
�rbo

Yrbi\am[aha�nc^Wabenja�WeXo^\Wq�`rhq�Y\aWb o�Wro^h_ben`q�Xha�eX_jeYha�

�bi`aW�%��� �c�onob`no_pc�iWXWaod�Xcq�_cX\acq

,hlnkq��y��y�z	

�b� _hlnkq� Y\aWb�nbW�e[acgbenkac�no_pd�WXkZYbWq�ro[�YnpWa\uYXWb�eXW�efagYXW�[Zbit

iWb�iWXt�Xc�iWXWeiY[d�Xo[q�WZZt�iWb�iWXt�Xc�ZYbXo[_l\W�Xo[q�

*WXt�Xc�iWXWeiY[d�Xo[q
�_hlnkq�nro_ofa�aW�mcnbo[_lcgofa�iWXt�Xoa�roZ[nY_ben`�iW

Xc�eiZd_[aec Xcq�_cX\acq�Z`lh WatrX[vcq�gY_nbija�XteYha�iWb�\ehq�Z`lh�rW_WnYao[eja

XteYha���o�pWba`nYao�W[X`�Y\aWb�rbo�rbgWa`�aW�e[nsY\�eY�rY_bo^kq�e[likaX_hecq�XteYha



%�

`rhq Y\aWb� ob� orkq� d� rY_bo^kq� `ro[� WZZtuYb� c� lYhnYX_\W� �r�^�� c� Ylit_ebW� mbWXond	���b

Yak_lYbYq�`rhq�c�mcnbo[_l\W�orja�d�c�iord�nro_ofa�aW�r_ovYadeo[a�_hlnkq�nkeW�eXbq

eX_jeYbq���{�x�����{�� y��y�
 `rhq�pW\aYXWb�eXca�Ybi`aW�%��	�

*WXt� Xc� ZYbXo[_l\W� XkXobha iWXWeiY[ja� Wr`� efagYXW� [Zbit� nro_ofa� aW� r_oiZcgofa

_hlnkq� Z`lh� i_o[eXbija� po_X\ha� c� Z`lh� Xcq� mbtmoecq
� YrkiXWecq� iWb� kahecq� tZZha

WXYZYbja�

�b� _hlnkq� Yrc_Ytuo[a� iWb� Xc� ndX_W� iWb� Xbq� \aYq
� iWb� k^o[a� ecnWaXbid� Yr\rXhec� eXca

WiY_Wb`XcXW�Xo[�efagYXo[�iWgjq�YrbX_kro[a�eXW�eXob^Y\W�Xo[�rY_bstZZoaXoq�ZYbXo[_l\Wq

Xo[� efagYXo[� aW� mbYbemfeo[a� eXo� [Zbi`� iWb� aW� Xo� [rosWgn\eo[a� nc^Wabit���b� _hlnkq

e^YX\uoaXWb� nY� XW� XYZY[XW\W� eXtmbW� WeXo^\Wq� Xha� efagYXha� [Zbija� iWXt� Xc� ZYbXo[_l\W

Xo[q�

�bi`aW�%��� :btpo_ob�Xfrob�_hlnja

(ro^h_ben`q eX_jeYha���x����{����{	

��Wro^h_ben`q�eX_jeYha���x����{����{	 WaWpk_YXWb�eY�rY_brXjeYbq�`ro[�c�WeXo^\W��d

o�WaYrW_idq�mYen`q	�e[nsW\aYb�eY�kaW�Yr\rYmo�nYXWvf�mfo�rW_WiY\nYaha�eX_jeYha�Ya`q

roZfeX_hXo[
�`rhq�pW\aYXWb ^W_WiXc_beXbit�eXca�Ybi`aW�%�3��([Xof�Xo[�Y\mo[q�c�WeXo^\W

Yrc_YtuYXWb��i[_bW_^Y\XWb	�i[_\hq�Wr`�Xbq�bmb`XcXYq�Xcq�ndX_Wq
�iWb�iWgjq�ob�bmb`XcXYq�Xcq

ndX_Wq� Y\aWb� ^WncZkq
� XW� roZfeX_hXW� efagYXW� [Zbit� k^o[a� Xc� Xtec� aW� YnpWa\uo[a

WXkZYbYq�W[Xof� Xo[� Y\mo[q� � Wro^h_ben`q� Xha�eX_jeYha Y\aWb� bmbW\XY_W�ecnWaXbi`� lbW

Xca�WiY_Wb`XcXW�iWb�Xca�WaXo^d�`Zo[�Xo[�[Zbiof�iWgjq�c�mbtmoec�Xo[�nro_Y\�aW�omcldeYb

eY�rbo�eosW_kq�WXkZYbYq�r�^��_hlnkq�d iWb�eY�oZoiZc_hXbid�iWXt__Y[ec�Xcq�iWXWeiY[dq�

�bi`aW�%�3� (ro^h_ben`q�Xha�eX_jeYha�eY�efagYXo�[Zbi`�



%%

(i_bsjq� Z`lh� Xcq� ecnWe\Wq� Xo[q� W[Xdq� r_krYb� c� pfec� iWb� ob� Yrbm_teYbq� W[Xja� Xha

WXYZYbja� aW�nYZYXcgofa�rY_YXW\_h���Xca� Yr`nYac�rW_tl_Wpo�WioZo[gY\� nbW�WaWZ[Xbid

rY_bl_Wpd�Xcq�Wroi`ZZcecq�eX_jeYha���x����{����{	�

��� ����?���� ���?��<��!�?����� ��@"���A���#��$A

������������?���� ���?��<��!�?�

�� Wro^h_ben`q� Xha� eX_jeYha� Y\aWb� kaWq� Wr`� Xo[q rbo� e[acgbenkao[q� iWb� rbo

ecnWaXbiofq�X_`ro[q�WeXo^\Wq�Xha�bahmja�roZfeX_hXha�[Zbija���o�Y\moq�W[X`�WXkZYbWq


Xo�oro\o�nro_Y\�aW�YnpWabeXY\�Y\XY�iWXt�Xca iWXWeiY[d�Xha�[Zbija�W[Xja�Y\XY�Z`lh�Xha

iWXWroadeYha� ro[� [p\eXWXWb� iWXt� Xca ZYbXo[_l\W� Xcq� c� iWXWeiY[d
� Y\aWb� eXca� o[e\W� c

g_Wfec�Xcq�ndX_Wq�eXc�mbYrbptaYbW�nYXWvf�m[o�eX_jeYha�iWb�omclY\�eXc�mcnbo[_l\W�m[o

vY^h_beXja�XncntXha�Xo[�roZfeX_hXo[�YiWXk_hgYa�Xcq�rY_bo^dq�g_Wfecq�Xcq�ndX_Wq�

�b� eX_jeYbq� Ya`q� roZfeX_hXo[� ^W_WiXc_\uoaXWb� Ya� lkaYb� Wr`� mbWpo_YXbikq� nc^Wabikq

bmb`XcXYq� Z`lh�e[adghq� Xha�mbWpo_YXbija�nYXWvf� Xo[q�r_oeWaWXoZbenja��([X`� k^Yb�hq

e[akrYbW�Xca�Xtec�itgY�eX_jecq�aW�rW_Wno_phgY\�WaYvt_XcXW�Wr`�Xbq�[r`ZobrYq�[r`�Xca

Yr\m_Wec� Ya`q� po_X\o[
� nY� WroXkZYenW� Xca� WatrX[vc� o_gja� iWb� mbWXncXbija� XteYha

nYXWvf� Xha� eX_jeYha���b� mbWeX_hnWXbikq� XteYbq� W[Xkq� nYlbeXorobofaXWb� eXW� ti_W� Xo[

roZfeX_hXo[�iWb�Y\aWb�m[aWX`a�aW�[rY_sofa�Xo�`_bo�WaXo^dq�Xo[�e[amYXbiof�[Zbiof�Xo[q


mcZWmd�Xo[�[Zbiof�Xcq�ndX_Wq
�Xo�oro\o�^W_WiXc_\uYXWb�Wr`�^WncZkq�nc^Wabikq�bmb`XcXYq�

�� e[aYrWl`nYac� g_Wfec� Xcq� ndX_Wq� iWb� o� Wro^h_ben`q� Xha� eX_jeYha� Y[aoofaXWb� Wr`

X[^`a�iWXWeiY[WeXbikq�WXkZYbYq
�`rhq�XW�iYat�Wk_W�

�Wi_bt� Wr`� XW� ti_W� `ro[� ob� mbWeX_hnWXbikq� XteYbq� Y\aWb� WnYZcXkYq
� rbgWakq

iWXWeiY[WeXbikq�WXkZYbYq��r�^��iYat�Wk_W	
�ob�oro\Yq�Y\aWb�rbo�e[^akq�eY�nYg`mo[q�`ro[�c

rW_o[e\W�Xo[�Wag_jrbao[�rW_tloaXW�Y\aWb�ecnWaXbid��r�^��nkgomoq�Yr\eX_hecq�nY�Xo�^k_b

� !�{� ��$�|� �x�!��	
� [r`� Xca� Yr\m_Wec� YaWZZWee`nYaha� �i`rhec	� d� i_o[eXbija

po_X\ha nYlYgfaoaXWb d�iWb�YajaoaXWb�nYXWvf�Xo[q omcljaXWq�eXc�g_Wfec�Xcq�ndX_Wq�iWb

eXoa� Xorbi`� Wro^h_ben`� Xha� eX_jeYha�� bW� Xbq� aW[rclbikq� iWXWeiY[kq� `ro[� Xo

rY_bstZZoa� ZYbXo[_l\Wq� Xo[q� Y\aWb� c� gtZWeeW� WaXbZWnsWa`nWeXY� rhq� XkXobW� po_X\W

Yrbm_ofa� e[aY^jq� eXca� iWXWeiY[d�� �� rZYfec� nkeW� eY� i[nWXbenofq
� i_o[eXbit� po_X\W

Z`lh�ep[_`i_o[ecq�iWb�WX[^cntXha��r�^��e[li_ofeYbq�iWb�r_oeW_tvYbq	�nro_ofa�YfioZW

aW�r_oiWZkeo[a�Wro^h_ben`�Xha�eX_jeYha�

�� Wro^h_ben`q� mfo� eX_jeYha� e[nsW\aYb� eY� nbW� rY_bo^d� Xcq� mbYrbptaYbWq� nYXWvf

W[Xja
�nY�Xc�mcnbo[_l\W�mfo�vY^h_beXja XncntXha�Xo[�roZfeX_hXo[�YiWXk_hgYa�W[Xdq�

�� rY_bo^d� W[Xd� Y\aWb� mbWp`_ha� e^cntXha� iWb� nYlYgja� iWb� nro_Y\� aW� s_\eiYXWb� eY

mbtpo_Yq�gkeYbq� iWXt� Xo�ndioq
� Xo�rZtXoq� iWb� Xo�rt^oq� Xo[�roZfeX_hXo[���rbrZkoa�nbW

iWXWeiY[d� Y\aWb� m[aWX`a� aW� WeXo^deYb� nY� W[X`a� Xoa X_`ro� eY� rY_bee`XY_Yq� Wr`� n\W

rY_bo^kq�� �Y� itgY� rY_\rXhec� Xo� W_^bi`� roZfeX_hXo� ^h_\uYXWb� eY� mfo� [roroZfeX_hXW

�z|�����{��xz	 nY� nbi_`XY_o� W_bgn`� eX_jeYha� �Y� itgY� [roroZfeX_hXo� ob� Zbl`XY_Yq

eX_jeYbq�omclofa�eY�nY\hec�Xha�nc^Wabija�bmboXdXha�iWb�Wfvcec�Xcq�WabeoX_orbi`XcXtq

Xo[q�iWb�rbgWajq�eY�rbo�kaXoac�efuY[vc�Xha�rW_Wno_pjeYha���rbrZkoa�eXc�rY_bo^d�W[Xd

XW�[roroZfeX_hXW�k^o[a�Xc�Xtec�aW�rW_Wno_pjaoaXWb�WaYvt_XcXW�Xo�kaW�Wr`�Xo�tZZo
�c
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frW_vc� Xo[� tZZo[� `nhq� ZYbXo[_lY\� hq� p[ebi`� Ynr`mbo
� ro[� nro_Y\� aW� omcldeYb� eY

rY_YXW\_h�g_Wfec�Xcq�ndX_Wq�

�b�sWebio\� Xfrob�WeXo^\Wq� Xha�[roroZfeX_hXha�Y\aWb� X_Ybq�iWb�pW\aoaXWb eXca�Ybi`aW
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WakZ[eY� rY_YXW\_h� XW <F� moi\nbW� ^_cebnorobjaXWq� Xc� gYh_\W� moija� WajXY_cq� Xtvcq
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lbW� rYb_WnWXbikq� moibnkq� ro[� gW� nYZYXofa� Xca� mbWeX_hnWXbid� WaXo^d� eY� XkXobYq
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Πίνακας 2.1: Αρχικές μηχανικές ιδιότητες του υλικού
Μηχανική Ιδιότητα Τιμή

EX 31000 MPa
EY 8501 MPa
EZ 8501 MPa

GXY 2034 MPa
GYZ 1017 MPa
GXZ 1017 MPa
vXY 0.29
vYZ 0.29
vXZ 0.29
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Εικόνα 2.7: Διγραμμικός νόμος, σχέση τάσης - ανοίγματος
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B2,:0,�� ,,�34 ,4�4- ,,�OO ,,�O� N4�_� N4�O- N4�O_ N4�G- H�,�-- H�,�-- H�,�-- H�,�--

B2,:0,�� ,4�H_ ,4�3N ,4�,O ,4��- N4�,4 N,�OO N,�3- N,�O- H�-�_- H�-�-- H�-�_- H�-�HH

B2,:0,�� ,,�-- ,,��N ,,�4G ,,�4_ NH�-4 N4�_G N,�G� N4��G HHO�-- HHO�_- H�-�_- HHO�3N

bpW ,,�G3 bpW N4�HO bpW H�-�HH

?�CD�� ,,�_4 ,,�3N ,,�,N ,,��_ N4�G3 N4�3, N4�H- N4�_O H�-�_- H�-�_- H�-�_- H�-�_-

?�CD�� ,,�3, ,,�NN ,,�_- ,,�3H N4�,, N4�H, NH�4_ N4�_3 H�-�-- HHO�_- H�-�-- HHO�GH

?�CD�� ,,�O_ ,4�,3 ,,�O- ,4�-- NH�-G NH�H3 NH�H� NH�43 H�-�_- H�,�-- H�-�_- H�-�3N

bpW ,,�3O bpW N4�G- bpW H�-�HH
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?��*D�� ,4�-_ ,4�,O ,,�O3 ,4�-N NH�,G N4�,_ N,�H� N4�44 H�-�_- H�-�-- H�-�-- H�-�,N

?��*D�� ,4�,3 ,4�H� ,,�O, ,4�,� N4�3G N4�3� N4�G- N4�N, H�-�_- H�-�_- H�,�-- H�-�3N

?��*D�� ,4�H4 ,4��� ,4�,� ,4�H- N4�OO N4�H4 N,�N4 N4�H� H�,�-- H�,�-- H�,�-- H�,�--

bpW ,4�,N bpW N4��4 bpW H�-�3,

?��DD�� ,4�-_ ,4�HH ,4�,, ,4�,3 NH�43 NH�_, NH�_- NH��4 H�-�-- H�-�-- H�-�_- H�-�,N

?��DD�� ,,�G_ ,4�,N ,4�-4 ,4�-, NH�HN NH��3 NH�4� NH�H3 H�,�-- H�,�-- H�,�-- H�,�--

?��DD�� ,,�G- ,,�O3 ,,�OH ,,�O- NH�NH NH�OG NH�O3 NH�GO H�-�-- H�-�-- H�-�_- H�-�,N

bpW ,4�-4 bpW NH�_3 bpW H�-���

E�CD�� ,4�,, ,4�_� ,4�,H ,4�43 N4�G, N4�GN N4��O N4�N4 H�,�-- H�-�-- H�,�-- H�-�3N

E�CD�� ,4�4G ,4�O, ,4�_- ,4�_3 N,�GN N,�G- N4�-3 N,�O, H�-�_- H�,�_- H�,�_- H�,�,N

E�CD�� ,4�_O ,H�-� ,H�-� ,4�GO N4�HN N4�N4 N4�_- N4�_H H�,�-- H�,�_- H�,�_- H�,�HH

bpW ,4�_N bpW N4�HO bpW H�,�-3

E��*D�� ,H�,G ,H�4H ,4�N_ ,H�-_ NH�3, NH�4_ NH�-N NH�H, H�,�-- H�,�_- H�,�_- H�,�HH

E��*D�� ,4�33 ,H�-, ,H�,4 ,4�OH N4�3N N4�HO N4�-, N4�H3 H�,�-- H�,�-- H�,�-- H�,�--

E��*D�� ,4�3G ,4�O3 ,4�OH ,4�G3 N4�_H N4��3 N4�H3 N4��_ H�,�-- H�,�-- H�,�-- H�,�--

bpW ,4�O_ bpW N4�N, bpW H�,�,,

E��DD�� ,4�__ ,H�,, ,4�N_ ,4�G- N,�G4 N,�4- N,�ON N,�33 H�,�-- H�,�-- H�,�-- H�,�--

E��DD�� ,4�_O ,4�GO ,4�NG ,4�N_ N4��G N4�,- N,�ON N4�,G H�,�-- H�,�-- H�-�_- H�-�GH

E��DD�� ,4�N- ,H�,N ,4�O_ ,4�O� N4�4H N4��- N4��_ N4�H3 H�,�-- H�,�_- H�,�_- H�,�HH

bpW ,4�GH bpW N4�-N bpW H�,�-3

F�CD�� ,4�3- ,4��, ,,�ON ,4�HH NH�,4 NH�4� NH�4N NH�4, H�,�-- H�,�-- H�-�_- H�-�GH

F�CD�� ,4�4- ,4�,� ,,�N_ ,4�-H NH�H4 NH�G3 NH�_� NH�_N H�,�-- H�,�_- H�,�-- H�,�,N

F�CD�� ,,��� ,,�3, ,,�_- ,,�_4 NH�-, N4�4, N,�O, N4�HG H�,�-- H�,�-- H�,�-- H�,�--

bpW ,,�O3 bpW NH�-_ bpW H�,�--

F��*D�� ,H�-O ,4�G- ,4�H� ,4�N� N4�NH NH�,H NH�HG NH�-G H�,�-- H�,�-- H�,�-- H�,�--

F��*D�� ,H�,� ,4�NN ,4�H_ ,4�N_ NH�,� N4�N3 N4�G3 N4�O4 H�,�_- H�,�-- H�,�_- H�,�HH

F��*D�� ,H�-, ,4�_N ,4�-O ,4�_3 NH�43 NH��- N4�3- NH�-O H�,�-- H�,�-- H�-�_- H�-�GH

bpW ,4�3G bpW NH�-H bpW H�,�-3

F��DD�� ,4�4N ,4�3- ,4�O� ,4�3- N4�GH NH�4- NH��H NH�,_ H�,�_- H�,�_- H�4�-- H�,�3N

F��DD�� ,4�4O ,4�_3 ,4�G� ,4�_3 N4�O� NH�4_ NH�4_ NH�,_ H�-�-- H�-�_- H�-�_- H�-�HH

F��DD�� ,,�OG ,4�H_ ,4�_N ,4�H- NH�-- N4�34 N4�O� N4�G_ H�-�_- H�,�-- H�,�-- H�-�GH

bpW ,4��O bpW NH�-_ bpW H�-�O�
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Μηχανική Ιδιότητα Τιμή
EX 31000 MPa
EY 8501 MPa
EZ 8501 MPa

GXY 2034 MPa
GYZ 1017 MPa
GXZ 1017 MPa
vXY 0.29
vYZ 0.29
vXZ 0.29
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y = 0.033541x - 18.396521
R² = 0.999602

y = 0.032746x - 4.223658
R² = 0.999582
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