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Dissertation P. Weigert 13



y'zhUB®1XMUv[MQRQTS�UªP S<Xd\hb X�eMS2\
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O�P SÁQ'VTXMUcU!f�P QijMU�SkV§P QZP S�UvrVRS2\¡�KS2Ucj ^ S _ e�S¡PW\¢®L[]lC}MPW\�XYVZP [�\Ál�P V
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s�\|°�}h}MPWb f _ \He|�]q �ÁP QNV�QTm2n�S2l!XYVZP QRm2n|fhS2U�`)P�\YÃ _ QNQ�fhS2U1¯�ViU�S<m�j<e]U�S2\ ^ S Rp0,2 X _ y&f�P S © z�m2jkyªS<fhSZrU _ \He|fhXMUve�SiQNVRS2b b Viq.{¡P V>Xh}h\�S2nhl!S2\�fhS2U.¯�VkU�Sim2j<e�U�S�\ ^ S4U�Sif _H^ P S2UWV&QZP m2n�fhS�UaS2b XHQNV§P QTm2n�S4O>S2nh\ _ \HeMQ'r
Xh\YVTSHP�b _ \�fgQR[�l4P V�f�P S © z�m�jiyªSifhS2U _ \He > �]�@?'q
w)x�w)xW�)x �FÄ z Ê �¡�#Ç
O�P S#o�U�À�­<S!fhSiQ
`drk{C[df _ b Q(}�S<SYPW\YÃ _ ­kV>fhXHQ!`aUve�S�}h\MP Q�fhS2U © z�m2jiyES<fhS2U _ \He�l#Xh­ke�S2}hb P m2n > é2� � éM�/?'qO�P S�Ð&XMUEP XYVZP [�\|fhSiQ|`drk{C[df _ b Q _ l ± �Y� M ¬�PWUcjiV(QZP m�ngX _ y>fhX�QC`aUve�S2}h\MP Q!fhS�U © z�m2jkyªS<fhS�U _ \He
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°�}h}MPWb f _ \He|�]q ��qv¥ © z�m2jiyES<fhS2U _ \He6PW\�°(}hn�xh\HedP e]jkSHP V u []\ Rp0,2 > �]��?
U�S2b XYVZP u(^2_ fhS2\
¯�VRXd\�fhXMU�fM¬>S2UWVTS�\ _ l¼mYPWU�m<X#�2� M X _ Q > éMé/?'q.O�P S!��\YVTS�U�Q _ m2n _ \He�fhS2UBO>S2nh\ _ \HeMQ'rXh}hn�xd\HehP e]jkSHP V>SHPW\�SiQ
`hri{C[df _ b Q�P QNV(}�Sif�PW\He2V�S2lC�YyªS�nhb S2\HQN¬>S2UWV > éM�/?'qL¦BSYP�fhS2U&¦�S2U�S<m2nh\ _ \He|SHP�\�S2U
V§P SkyEeMS ^ [2e�S2\�S�\Á�KXh\h\�S � }MSHPL¬>S2b m�n�S2U>f�P S¢Ucz�m2jkyªS<fhS2U _ \He2QiU�S2b S u Xh\YVTS2\�¦BS�U�SYP m2n�SgSHP�\�S-{¡PW\�fhSiQNV'rfhS2nh\ _ \He u [�\�� � � M X _ y�¬>SHP QTS2\ � S2UvedP�}YV!Q§P m2n�SYPW\�S�Ð&S2UcUEPW\He�S2U _ \He¢fhSiQ¡`hrk{C[df _ b Q
X _ Q#fhS2U&¯aP rl _ b XYVZP [�\dqd° _ y�e]U _ \�fÁfhS2U�S�U:nHÀ�nYVTS2\ © S<m�n�S2\ ^ SHP VTS2\C¬�PWU�fÁS�l|�Yy�[]nhb S�\ � l�P V(SYPW\�S2lÖjk[�\HQNVTXh\YVTS�\ �
u S2UcUEPW\HeMS2UWVTS2\+`hrk{C[df _ b ^�_ U�S<m2nh\�S2\dq�¦�SiQN[]\�fhS2UvQ¢}MSHP%SHPW\�S2U#}�SiehPW\h\�S2\�fhS2\KÓ2X�QNVc¬>S<m�nHQTS2b }MS<Xh\YrQi�2U _ m2n _ \HeÁP QNV�SHPW\�S¡Ucz�m2jiyES<fhS2U _ \HeMQRS2UcnHÀ]n�S2\�fhS�°�}h\�Xhnhl#S4fhSkQ|`hrk{C[df _ b Q�yªSiQ'VRe�SkQNVTS2b b V�¬&[hU�fhS2\> é2��?'q
w)x�w)x��lx Ä ·dÊ¹Â � Ê � ³ Ç'Ç
O�P S!¯�VR[�¨%l
[dfhS2b b S4b XHQRQTS2\CQZP m2n�PW\ ^ ¬>SHP���X _ �YVNe]U _ �h��S�\ _ \YVTS�U�QRm2n�SHP fhS2\ > ���@? � S2b X�QNVN[2r§�hb XHQNVZP QTm2n�S
_ \�f|QNVTXMUcUWr§�hb X�Q'VZP QTm�n�S p Q§P S2n�S�°�}h}MPWb f _ \He��]q �dtiqa{¡P V ^2_ \�S2nhl!S2\�fhS�\#°�\YyE[hU�fhS2U _ \He�S�\CXd\#f�P S#o�Skr\�X _ P e]jkSHP V4fhS2U!o�Si[�l!SkViUEP S _ \�f�fhS2U��KS2Ucj<Q'VR[2¨�SYP e�S2\HQRm2n�XHy�VTS2\-fhS2U _ l
y�[hU:l(VRS<m2nh\MP QTm�n�S2\º�1Uv[2rf _ jkVTS#QNVRSHP eMS2\|f�P S¡¦�S<f.zhUWyN\MP QRQTS4Xh\|S2b XHQNVZP QRm2nYr§�hb X�Q'VZP QTm�n�S2\�¯dVR[�¨%l![dfhS�b b S2\ > �M��?Nq
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°�}h}MPWb f _ \He���q �.qW¥a¯�VN[2¨%l
[dfhS2b b S
yNzhUBe]Uv[�­<S¡�hb XHQNV§P QTm2n�S¡w�[hUcl#xh\�fhS2U _ \He�S�\ > ���@?
O�P S#QNVTXMUcUWr§�hb XHQNVZP QRm2n�S2\C¯dVR[2¨%l
[dfhS2b b S
¬>SHP QTS2\CyE[�b e�S2\�fhS�Ò%X2m�nYVTSHPWb S#X _ yR¥

Ã ¯aP S�S�U:b X _ }MS2\gjkSHPW\�S|¦�S2U�S<m2nh\ _ \He u [�\¢`.P eMS2\HQi��Xh\h\ _ \He�S2\ _ \�f © z�m2jiyES<fhS2U _ \He�S�\dq
Ã ¯aP S6QZPW\�fÑ\MP m2nYV|e�S<SHP e]\�SkV|yNzhU|s�\HQNVTXh}MPWb P VTxYVRQ _ \YVRS2UvQ _ m2n _ \He�S�\�¬(P SKwMXhb VTS�\h}MPWb f _ \He � ®�\MP rm2j _ \He � ¦�S _ b S2\dq
Ã ¦&b SHPW}MS2\¢¬>xhnhU�S2\�f�fhS�U4��l(yE[hUcl _ \He�SYPW\�SiQC��S�U:jiQNViz�m�jiSkQ�eMSk¬(P QRQTS�o�S2}MP SkVTSÁfhSiQRQTS�b }�S�\S2b XHQNVZP QRm2n p } ^ ¬!q�QNVTXMUcU�t � QN[-jZÀ]\h\�S2\�jkSHPW\�S
¯���Xh\h\ _ \HeMQNQi�MP V ^ S2\CXhl�%�}MS2Uve�Xh\He ^ ¬�P QTm2n�S�\S2b XHQNVZP QRm2n�S2\ _ \�f¢�hb X�QNV§P QTm2n�S�\|o�S2}MP SkVRS2\|S2UWyªXh­ZV�¬>S2U�fhS2\dq�wMS�U:\�S�U>jZÀ�\h\�S2\Cf�P S © SHPW} _ \HeMQ'rjMU�xHy�VTSCP�\|f�P SiQTS2\|S�b X�Q'VZP QTm�n�S2\ p } ^ ¬!q.Q'VTXMUcU�S2\2t(o�S2}MP SkVRS2\�\MP m2nYV�S2UWyªXh­kV�¬>S2U�fhS2\dq

w)x�w)x� ¡x�Å ÇW~ ³¹| � µ ~ ·d³�µ ~V�}�
s�l ¦�S2U�SHP m�n#fhS�U���l(y�[dUcl(VTSim2nh\MPWj _ \YVRS2Ucb P SieMS2\!f�P S#`ab S2l!S2\YVRS
PW\!fhS2Ua¯dVR[�¨Le�SiQTSZV ^ Uv[ _ VZPW\�S(SHPW\�S�lw.b P S2­�jMUEP VTS�UªP _ l�q&O>XHQ¢w.b P S2­�jMUEP VTS�UªP _ lG}�SiQRm2nhU�SHPW}YV|fhS2\K¦�SiedPW\h\-fhSiQ6�hb XHQNVZP QRm2n�S2\ºw.b P S�­<S2\HQ|fhSiQ�KS2Ucj<Q'VR[2¨�SkQ<q1w�[]b eMS2\�fhS¡w.b P S2­�jMUEP VTS�UªP S2\#Q'VTS2n�S2\ ^�_ UBÐ%S2UWyNzHe _ \He]¥
Æ4Ç­È ÉËÊ4ÌEÍ"È Î@ÉËÍ"È«ÏÑÐÓÒÕÔËÖI×ÙØIÚ4ÒÜÛÜÈ Ý�É9Ý
¦�SHPWl `LUcU�SHP m�n�S2\�fhS2U u [�\Yrk{gP QRSiQNrcÐ&S2Uve]b SHP m2nHQRQk��Xd\h\ _ \HegVkUªP VNV4�hb XHQNVZP QTm2n�SiQ|w.b P S�­<S2\�SHP�\ > �M� � �Mé �é2�/?Nq

σv. Mises =

r
1

2
[(σ1 − σ2)2 + (σ2 − σ3)2 + (σ3 − σ1)2] = σpl

p ��qW�Yt
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σ1
� σ2
_ \�f σ3

QZPW\�fèf�P S���X _ �HQi��Xh\h\ _ \He�S�\ºfhS2U¡��X _ �YVkUªP m2nYV _ \HeMS2\dq(O�XHQ�w.b P S2­2l
[dfhS2b b�}MSkr
QTm�nhU�SYPW}YV4fhS2\-P QR[2VkU�[���S�\�w.b P S2­k[hUWV<q&`dQ#ViUEP V'V¡�1b X�QNV§P Õ ^ P S�U�S�\6SHPW\ � ¬>S2\h\Áf�P S¢w.b P S2­kQi��Xh\h\ _ \He σplS2UcU�SHP m�nYV�¬�PWU�f)q
Æ4Ç­È ÉËÊ4ÌEÍ"È Î@ÉËÍ"È«ÏÑÐÓÒÕÔËÖI×�ÞlÈ­Ç­Ç(ßÑà
¦�SHP�fhS2Ugw]b P S2­�}�SkQTm2nhU�SHPW} _ \He u [�\ �>P�b b�¬�PWU�f ^ ¬�P QTm�n�S2\¿fhS�lØ[hUvVknH[2VkU�[���S�\ _ \�fèXd\MP QR[2VkU�[���S�\
w.b P S2­�jMUEP VTS�UªP _ l _ \YVTS2UvQTm�nMP S<fhS2\dq°�\MP QR[�ViUv[]�MSiQC®�UEP VRS2UEP _ l|¥

σHill48 =
q
H(σ11 − σ22)2 + F (σ22 − σ33)2 +G(σ33 − σ11)2 + 2Nσ2

12 = σpl
p ��q �Mt

O>Xh}�SHPdQZPW\�f
H � F � G _ \�f N f�P S��>P�b b¨á QTm2n�S2\Yr:°�\MP QR[�ViUv[]�MP S�®L[dS�N ^ P S2\YVRS2\d¥

H =
r0

1 + r0
; F =

r0

r90(1 + r0)
; G =

1

1 + r0
; N =

(1 + 2 · r45) · (r90 + r0)

2 · r90(1 + r0)

p ��q �Mt
O>Xh}�SHPdQNVTS2b b S2\

r0
� r45
_ \�f r90

f�P S#°�\MP QN[2ViUv[��MP Sk¬>S2UWVTS|P�l �ÂPW\hjkS2b ^2_ U��KXdb ^ UEP m2nYV _ \He�fhXMU:q
½�UWVinH[2VkUv[]�MSiQKw]b P S2­�jMUEP VRS2UEP _ l|¥�O�P Sè®L[dS�N ^ P S2\YVTS2\Â\�X�m2nèo�b SYP m2n _ \He+��q �¿¬>S2U�fhS2\Âl�P VÁSHPW\�S�ll�P V'Vib S2U�S2l

r
rc�KS2UWV#}MSiQNVZP�l|l(Vi¥

rm =
r0 + 2 · r45 + r90

4

Æ4Ç­È ÉËÊ4ÌEÍ"È Î@ÉËÍ"È«ÏÑÐÓÒÕÔËÖI×�ÞlÈ­Ç­Ç­â¶ã
�>P�b b2�M�¡P QNV>Qi�MS ^ P S�b bHyNzhU�¯.m�n�Xdb S�\YyE[hUcl _ b P S2U _ \He�S2\!S2\YVc¬�P m2jkS2b V1¬&[dU�fhS2\ _ \�f�QNVRS2b b V>SYPW\�S2\#S2}�S�\�S2\ �
Xh\MP QR[�ViUv[]�MS2\ � S2b XHQNVZP QRm2nYr§�hb X�Q'VZP QTm�n�S2\�¯L��Xd\h\ _ \He2Q ^2_ Q'VTXh\�fgfhXMU:q

|σ11 + σ22|2 + αm[(σ11 − σ22)2 + 4 · σ2
12]

m
2 +

p ��q ��t
[σ2

11 + σ2
22 + 2 · σ2

12]
m
2

+1 · [β(σ2
11 − σ2

22) + γ(σ11 − σ22)2]

= (1 + αm + β + γ) · σm22 = (2 · σby)m

O>Xh}�SHP)QZPW\�f
α � β � γ _ \�f m �KS2UcjiQNVR[�¨%��XMU�Xhl!SkVTS�U � σ22

f�P S¢w.b P S2­iQk��Xd\h\ _ \He�}MSHPaSHPW\�X�m2nHQZP eMS2U¸ _ e]}MS<Xh\HQi�MU _ m2n _ \He¿PW\��KXhb ^ UEP m2nYV _ \He _ \�f σby QNVTS2b b Vgf�P SKw.b P S2­iQk��Xd\h\ _ \He¿}MSHP ^ ¬>SHP X�m2nHQZP eMS2U¸ _ e]}MS<Xh\HQi�MU _ m2n _ \He¡fhXMU'q
Æ4Ç­È ÉËÊ4ÌEÍ"È Î@ÉËÍ"È«ÏÑÐÓÒÕÔËÖI×�ä�ÚËÍ0ÏËÝ@å"æ}É9Î@ç¶ÉËÍ
O�P S�w.b P S2­2}MS<f�PW\He _ \HeÁ}MSHPWl«��[hU _ QNrcÐ&Sie2VRS2UWrk{|[dfhS2b b.P QNV
Xh}hn�xd\HehP e u []\gfhS2\¢�%X _ �YVNQi��Xh\h\ _ \He�S2\PWl © X _ l|q>O�P S�w.b P S�­iQi��Xh\h\ _ \HeK}MSiQNV§PWlCl(V4QZP m2n¢X _ Q ^ ¬>SHP�Ò�[hUcl!Xdb Qk��Xd\h\ _ \He2QijZ[]lC�M[�\�S2\YVTS�\ �
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¬&[�}�SHP.f�P S�¯.m2n _ }HQk��Xd\h\ _ \HeMS2\¡}MSHPWl ° _ yEQ'VTS2b b S2\|fhS2U�w.b P S2­kQi��Xh\h\ _ \He4¬>Sie2yEXdb b S2\dq

σ1,2 =
σxx + σyy

2
±
r“σxx − σyy

2

”2

+ σ2
xy

p ��q �Mt
O>S2U��ÂPW\hjkS2b

θ ^ ¬�P QTm�n�S2\�fhS2\6�%X _ �HQi��Xd\h\ _ \HeMS2\ σ1
_ \�f σ2

_ \�f�fhS2\|¯L��Xd\h\ _ \HeMS2\ σxx _ \�f
σyy
S2UvedP�}YV�QZP m�n4¬(P S
yE[]b e2V<¥

cos(2 · θ) =

σxx−σyy
2q`σxx−σyy

2

´2
+ σ2

xy

p ��q �Mt
¦�SiQNV§PWlCl(VTSK� _ \hjiVTSÁfhS2UCw.b P S2­k[dUWVkj _ U u S�jkÀ�\h\�S2\�}MSHP%fhS2\�Ð&S�U�Q _ m2n�S2\ ^�_ UC¦BSkQNVZPWlCl _ \HeKfhS2U�KS2Ucj<Q'VR[2¨%��XMU�Xhl!SkVTS2U�SHP�\�fhS _ VZP e ^2_ eMSi[hU�f.\�SkV�¬>S2U�fhS2\dq O�XHQ|��[hU _ QNrcÐ&Sie�VTS2U��KS2Ucj<QNVN[2¨%l
[dfhS2b b

σyy

σxx

σ1

σ2

θ

°�}h}MPWb f _ \He|�]q �]qW¥�w]b P S2­�}�Sif�PW\He _ \HeCfhSiQ!�L[dU _ QNrcÐ&SZVRe�S�Uvrk{C[dfhS2b b Q�\�X�m2n > ���/?
}MS2\HÀ2V§P e2V�yE[�b e�S2\�fhSg�]XMU�Xdl!SkVRS2U:¥

Ã Uvrc�KS2UWVTS
fhSiQ�SHPW\�X�m2nHQZP eMS2\ _ \�f ^ ¬>SHP X�m2nHQZP eMS2\|¸ _ e�SiQ � Xh}hn�xh\HedP e u [�\CfhS2U)�KXhb ^ UEP m2nYV _ \HePW\C� � ��� _ \�f��2�6o�U�X2f
Ã w.b P S2­kQi��Xh\h\ _ \He�fhSiQ>SHP�\�X2m2nHQ§P e�S2\#¸ _ e�SiQ�PW\
°�}hn�xd\HehP e]jkSHP V%fhS2U]��Xhb ^ UªP m2nYV _ \He u []\4� � ���
_ \�fg�M�Áo�U�X2f

Ã w.b P S2­kQi��Xh\h\ _ \He|fhSiQ ^ ¬>SHP X2m2nHQ§P e�S2\�¸ _ e�SkQ
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Ã w.b P S2­kQi��Xh\h\ _ \He�}�SHP�S2}�S�\�S2U�O>S2nh\ _ \He
Ã w.b P S2­kQi��Xh\h\ _ \He�}�SHPaU�SYPW\�S2UB¯.m2n�S�U _ \He

w)x�w)xW¢)x Á ³�µ � ��·dÊ¹ÂHÀ�³�µk´Y³��]· ~ È ��� È�� � Ê � ³ Ç:Ç ³
s�\C°�}hn�xd\HehP e]jkSHP V>fhSiQ���l(y�[dUcl
e]U�X�fhSiQ�QNVRSHP e2V�f�P SCw.b P S�­iQi��Xh\h\ _ \He�PW\4°�}hn�xh\HedP e�jkSHP V>fhSiQ��KS2UcjkrQNVN[2¨�SiQiq>O�P S6`aUcnHÀ]n _ \He¢fhS2U(w.b P S�­iQi��Xh\h\ _ \Heg¬�PWU�f-Xhb Q!Ð&S�UvyESiQNV§P e _ \He�}�S ^ SHP m�nh\�SkV > �/� � �2� � ��� ��M�/?Nq�`dQ�edPW}YV4y�[]b eMS2\�fhSÁÐ&S�UvyESiQNV§P e _ \He2Qil!S<m2n�Xh\MP Qil!S2\ > �Mé � é2��?'¥�Ð&S2UWyªSkQNVZP e _ \He�f _ U�m2nÁÐ&S2UvQTSZVNr
^�_ \He�S2\ � ®�[hUc\ u S2UWyªSYPW\�S2U _ \He � {¡P QTm�nhjMUEP QNVRXdb b u S2UWyªSiQNV§P e _ \He � ° _ QRQRm2n�SHP f _ \He2Qin�xMUWV _ \He.q�O�P S�Ð&S2UWyESiQNr
V§P e _ \He2Qil!S<m2n�Xh\MP Qil!S2\¡n�Xh}MS2\4SHP�\�S2\#¬>SiQRS2\YVib P m2n�S2\g`.PW\YÃ _ ­
X _ y�fhXHQ�¯)PWl _ b XYVZP [�\HQTS2Uve�S2}h\MP Q _ \�f¬>S2U�fhS2\¢f _ U�m2nÁ¯)PWl _ b XHV§P []\HQk�MUv[Me�U�XhlCl!S6l�P V�fhS2\Áf.U�SHP�PW\�°�}h}MPWb f _ \He¢��q ��X _ y�e�S ^ SHP e2VRS2\K{|[�rfhS2b b S2\g}MSiQTm2nhUEP S�}�S2\dq

°(}h}MP�b f _ \He|�]q �]qW¥]�KS2UcjiQNVR[�¨ u S2UWyªSiQNV§P e _ \He2Qil
[dfhS2b b S > éM��?

Ò%X2m�n > é2��?(P Q'V4fhXHQgs�\YVTS2U�SiQRQRS�Xd\ÁfhS2U
¦�S2Ucz�m2jiQZP m2nYV§P e _ \He¢fhS2U(j�PW\�S�l#XYVZP QTm2n�S2U�Ð%S2UWyªSiQNV§P e _ \HeeMSiQNVZP Sie�S2\ �d_ lÂf�P S�o�zYVRS u []\ © z�m�jiyªSifhS2U _ \HeMQRQZP�l _ b XHV§P []\�S2\ u S2Uc}MSiQRQTS2Uc\ ^2_ jZÀ�\h\�S2\ > éM� � ��?'q�°(b rb S�U�f�P�\HeMQ
P Q'V�f�P S(Ð%[hU�eMS2n�S2\HQN¬>SYP QTS ^2_ U�¦�SiQNVZP�l|l _ \He¡fhS2UL��S�U:jiQNVR[�¨%jkS2\h\Y¬>S2UWVTS _ \hjMb XMU > éMé � ��? �¬&[�}�SHP.f�P S u S2UW¬(P SiQTS2\�S2\¡± _ S2b b S�\4X _ Q(fhS2\ L XdnhU�S2\��<�M�M� _ \�f¢�<�M�2égQNVTXhlCl#S�\dq�>l«f�P S¡U�S<Xhb S2\|Ð&S2Ucn�xdb Vi\MP QRQRS¡}�SiQNQTS2U>Xh}h}MPWb fhS2\ ^�_ jZÀ]\h\�S�\ � S2UvQTm2n�SYPW\YV(SHPW\�S�®L[]lC}MPW\�XYVZP []\�X _ Q
jHPW\�S2l!XHV§P QTm2n�S�U _ \�f¡P QR[2VkUv[]�MS2UaÐ&S2UWyªSkQNVZP e _ \He¡fhS�\¡}MSiQNVTS�\g®L[]lC�MUv[�l4P�­#Xh\4o�zYVRS _ \�f|° _ y�¬>Xh\�f
^�_ }MP SkVRS2\dq�O�P S6®�[�lC}MPW\�XHV§P []\ u []\�jHPW\�S2l!XYVZP QTm�n�S2U�l�P V|O�P QNVN[dUvQZP []\HQ u S2UWyESiQNVZP e _ \He�P QNV!S2\YVRQi�2U�Skrm2n�S�\�fKX _ y�¬>S2\�f�P e _ \�f�S2n�S�U�QTS2b VRS2\ > é2�/?Nq��>lGf�P S6¯L��Xd\h\ _ \HeMS2\6yNzhU��KS<m2nHQRS2b }MP SieMS2�MUv[ ^ SiQRQRS}MSiQRQTS�U>Xd}h}MPWb fhS2\ ^2_ jkÀ�\h\�S2\ � P QNV
SHPW\¡S2UW¬>SHP VRS2UWV|jZ[�l|}MP�\MP S2UWVTSiQ!P QR[2VkU�[��Yr§j�PW\�S2l!XYVZP QRm2n�SiQ�Ð&S2UWyESiQNrV§P e _ \He2Qil
[dfhS2b bdS2\YVc¬�P m2jkS2b V>¬&[hU�fhS2\ � ¬>S�b m2n�SiQ�y'zhU ` S<fhS2\Á¦1P SieMS2�MUv[ ^ S2­�SHPW\�S�SHP e�S2\�Sgw.b P S2­ZÃ.x�m2n�S
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SZ¹d�hb P ^ P VRS2U4s�\YVTSke]U�XHV§P []\ u S2UvQNVTS�nYV-l!Xd\�f�P SÁf�PWU�S2jiVRSºÓ�ÀMQ _ \He�fhS2U#o�b SHP m�n _ \He¿l4P V¢�&PWb yªSfhS2U#¸LS2\YViU�Xhb S2\YrZO�P ¨�S2U�S2\ ^ S2\Yrk{�SkVknH[dfhS p X _ m�n�Xdb QgSZ¹d�hb P ^ P S2UWVRS2U4�1Uv[Me�U�XdlClCb ÀMQRS2U¡}MS ^ SYP m2nh\�SkVTtiqO>S2U&Ò%X�m2nYVRSHPWbhP QNV�SHPW\#QZP m2nCS�\YV:¬�P m2jkS2b \�fhS2U�w2S2nhb S2U � fhX¡}MSHPhfhS2U>¦BSkQTm2nhb S _ \MP e _ \HeCfhS2U�~LS2Ucl 1

∆t2u [hUcjZ[]lCl(V _ \�f u _ \HQTm2n�XMUWy�÷>yE[hUcl _ b P S2UWV>P QNV<qdO�P SiQTS�UBj2b SHPW\�S(wMS�nhb S2U]X2fhf�P S2UWV1QZP m2n4}�SYP2fhS2UBsW\YVRSie]U�XYrV§P []\Ázh}�S�U%f�P S|o�SiQTm�nY¬(PW\�f�P e]jkSHP V _ \�f6f�P S#Ð%S2UvQTm2nMP S2} _ \Heg¬>SYP VTS2UByE[hUWV<q%O�P SiQRS|S§¹d�hb P ^ P VTS¡Ó�ÀMQ _ \HeS2UWy�[dU�fhS2UWV�jkSHP�\�SCw2XhjiVR[hU�S2\ ^ S2Ucb Sie _ \He6}MSHPdfhS�U&sW\YVRSie]U�XYVZP [�\CfhS2U&¦�Sk¬>Sie _ \HeMQRe�b SHP m�n _ \He.q�¯aP S�¬�PWU�f
X _ m2n#Xdb Q>f�PWU�S2jkVTS4Ó�ÀMQ _ \He�}MS ^ SHP m2nh\�SkV � fhX�f�P S�¯KJHQNVTS2l
e�b SHP m2n _ \He ^�_ l ¸LSHP Vk� _ \hjiV t X _ yEeMSiQNVTS�b b V¬�PWU�f _ \�f�yNzhU1fhS2\�¸LSHP Vi� _ \hjkV t+ ∆t

e�S�b ÀMQNV�¬(PWU�f)q
O>S2U�n�X _ �YVRQRx2m2nhb P m2n�S�Ð%[hUWVTSHP�bMfhS�U>{�SkVknH[dfhSC}MSiQNVRS2nYV�fhXMUEPW\ � fhXh­
f�P S4Ó2À2Q _ \He u []\ t+∆t~U

jkSHPW\�S
O�U�SHP S<m�j<Q ^ S2Ucb Sie _ \He�SHPW\�S�U&®�[dS0N ^ P S2\YVTS�\hl#XYViUEP ¹g\�X2m2n�QZP m2n ^ P S2nYV � ¬>S2\h\ M SHPW\�S|O�P X�e2[]\�Xhb l!XHrVkUªP ¹6P QNV<q�Ò%X�m2nYVTSHP�b P egP QNV�f�P S#QNViU�S2\HeMS�¦BSkQTm2nhU�xd\hj _ \He _ \�f�fhXhl�P V�SYPW\�S�Qi�hzhUc}�XMU�S!Ð&S2UcjMb SHPW\�S2U _ \He
fhSiQ�¸�SYP VRQTm�nhUªP VNVRQi¥)¯�VRXd}MP�b P VTxYV�P QNVC\ _ U�eMSk¬>xdnhUcb SYP QNVTSZV � ¬>S2\h\gfhS2U>¸LSHP VNQTm2nhUEP VNV ∆t

jMb SYPW\�S2U>P QNV
Xdb Q
SHP�\Áj2UEP VZP QRm2n�S2U�¸�SHP VRQTm2nhUEP V'V

∆tkr = Tn/π
� ¬&[]}MSHP Tn f�P S¡j2b SHPW\HQNVRS¡�]S2UEP [dfhS2\�fhX _ S2U&P�l w�P�\MP VTSkr`ab S2l!S2\YVRSkr'¯9JHQNVRS2l5P QNV p f�P SiQTS4¦�SiQTm�nhU�xh\hj _ \He|fhSiQ�¸LSHP VRQRm2nhUEP VNVNQ�¬ _ U�fhS�yNzhULSHP�\�b P�\�S<XMU�SiQ&¯9JHQNVRS2ln�S2UveMS2b SHP VRSkV � ehPWb VBXh}�S2U]X _ m2n(SHP�\He�SiQTm�nhU�xh\hjiVLy'zhU�\MP m2nYVib P�\�S<XMU�S%¯9JHQNVRS2l!S � ¬>S�\h\�l!Xd\(f�P S�°�\YVc¬&[dUWVSHP�\�S2U�\MP m2nYVkb PW\�S<XMU�S2\6¦�S2U�S<m�nh\ _ \He6y'zhU ` S<fhS2\6¸�SHP VRQTm2nhUEP V'V�\�xhn�S2U _ \HeMQN¬>SHP QTS�Xhb QCb PW\�S<XMU�}�SZViU�X2m�nYr

VRSkV§tiq
�¿xdnhU�S2\�f�SHPW\�S�U#b PW\�SiXMU�S�\�¦BS�U�Sim2nh\ _ \He¿}hb SHPW}MS2\Áf�P S�¯dVTSHP Õ]e�jkSHP VRQRSHP e�S�\HQTm2n�XYy�VTS�\�jk[�\HQNVTXh\YV � fhXQZP m2n6f�P SiQRS�PW\6fhS�\�`.P e�S�\HQTm2n�XYy�VTS�\6fhS2U(\MP m2nYV'rZb PW\�S<XMU>}�S2U�S<m�nh\�SkVTS2\¡°�\YV:¬&[hUWV u S�U�xh\�fhS2Uc\dq%O�P SiQTS_�\�fhS2U _ \He�S�\4fhS2U�l!XYVTS2UEP S�b b S2\([dfhS2ULeMSi[]l!SkVkUEP QTm2n�S2\¡`.P e�S2\HQRm2n�XHy�VTS2\!e�S�n�S2\|PW\#f�P S4¦�S2U�S<m2nh\ _ \HefhSiQ�®>U�XHy�V u S2jkVR[hUvQ t ~F SHPW\dq&O>X¢fhSkQin�Xdb }6fhS2U>��S�UvV u []\ Tn ¬>xdnhU�S2\�f�fhS2U!¦�S2U�S<m2nh\ _ \Heº\MP m2nYVjZ[]\HQ'VTXh\YV�}hb SHPW}YV � l _ QRQ�fhS2U
¸LSHP VNQTm2nhUEP VNV ∆t u S2UcjMb SYPW\�S2UWV4¬>S2U�fhS2\ � ¬>S2\h\-fhXHQ¡¯KJHQNVTS2l QNVTSHP yªS2U¬�PWU�f � ¬&[�}�SYP]f�P S¡¦�S<f�PW\He _ \He ∆t 6 Tn/π

l�P V�¯)P m2n�S2Ucn�SHP V>y'zhU�Xhb b S#¸�SYP VRQTm�nhUªP VNVTS!S2UWyNzhb b V
P QNViq
�>P S2Uc}�SHP2P QNV

Tn
f�P S(jMb SYPW\HQNVTS(�]S2UEP [dfhS2\�fhX _ S2U�fhSiQ�Ò%SZV ^ SkQ � f�P S�Xhb Q�SHP�\�S�¯.m�nhU�Xh\hjkS�Xh\ ^2_ QTS�n�S2\!P QNViqO�P SiQRS!¯]m2nhU�Xd\hjkS!P QNV�f _ U�m2n#f�P S�jMb SHP�\HQNVTS4�]S2UEP [dfhS2\�fhX _ S2U T (m)

n
PWUveMS2\�fhSHPW\�SiQ u [�\ m `Lb S2l!S2\YVTS2\fhSiQ4Ò�SkV ^ SiQ(e�SieMS2}�S�\ > ����?Nq
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°�\�fhS2U�S�{|SkVinH[dfhS�\(QNVTS2b b S2\�f�P S!¦�Sk¬>Sie _ \HeMQRe�b SHP m2n _ \He ^2_ lÑ¸LSHP Vk� _ \hjiV t+∆t

X _ y _ \�f�}MSiQNV§PWl(rl!S2\�f _ U�m�n#\ _ l!S2UEP QTm2n�S�Ð&S�UvyEXdnhU�S2\�f�P S
Ó�ÀMQ _ \He.qhO>Xdn�S�UM¬�PWU�f#f�P SiQRS
Ó�ÀMQ _ \He2QN¬>SHP QRS�X _ m2n�Xhb Q�PWl(r�hb P ^ P VRSCs�\YVRSie]U�XYVZP [�\HQil!SkVinH[dfhS4}�S ^ SHP m�nh\�SkV<q�¸ _ U)Ð%S2UWyNzHe _ \He|QNVRS2n�S2\4f�P S|��[ _ }M[�b VRQRm2n�S � �èPWb QR[�\Yr
QTm�n�S _ \�f�Ò%Sk¬
l#XMUcjiQTm2n�S-{|SkVknH[dfhSMq%O�P S�PWlC�hb P ^ P VTSgs�\YVTSie�U�XHV§P []\HQil!SkVknH[dfhS6n�XYV
fhS2\-Ò%X2m�nYVTSHPWb �l!S2nhU © S<m2n�S�\hb SHP QNV _ \He ^2_ jZ[]\HQ _ l4P S2U�S2\ � fhX�yNzhU ` S<fhSiQ
¸LSHP V§PW\hjMU�S2l!S2\YV>fhS2U1o�b SYP m2nHe�SZ¬(P m�nYVRQ ^�_ rQNVRXd\�f¢X _ Q§P VTS2UEP S�UvV�¬>S�U�fhS�\�l _ QRQ<q%¦�SHPaSHPW\�S2l«PWlC�hb P ^ P VTS2\|¯�[]b u S2U&Q§PW\�f¢f�P S¡¸LSHP VNQTm2nhUEP VNVRS�e]UvÀ]­iS2U
_ \�fgQNVRXd}MP�b S2U�Xhb Q�}�SYP]SHPW\�S2UBSZ¹d�hb P ^ P VRS2\�¦�S2U�S<m2nh\ _ \He]qB`.PW\�S�\gjMb SYPW\�S2\|¸LSHP V u [dUWVRSHPWb.n�XYV�f�P SCPWlC�hb P r
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^ P VTSÁsW\YVRSie]U�XYVZP [�\�}MSHPLfhS�U!¦�S2U�S<m�nh\ _ \He-fhS2U © z�m�jiyªSifhS2U _ \He � fhX�QZP m2n u [dU�fhS2U(`a\YVkb X�Q'V _ \HeÁfhX�Q
o�b SHP m2n _ \HeMQRQVJHQNVTS2l }�S2U�SHP VRQ�PWlÖo�b SHP m2nHe�Sk¬�P m2nYVNQ ^2_ Q'VTXh\�f�}MSkÕL\�fhSkV _ \�fÁf�PWU�S2jiV(f�P S6`a\YVkb X�Q'V _ \He}MS2U�S<m2nh\�SkV|¬>S2U�fhS2\KjiXh\h\dq�`.PW\�SZ¹d�hb P ^ P VTS2U�¯][�b u S2U4l _ QRQ u [hU!fhS2U © z�m2jkyªS<fhS�U _ \He2Qi}MS2U�S<m2nh\ _ \HefhXHQ!o�b SHP m2nHeMSk¬�P m2nYV�S2UvQNV�}MSiQNVZP�l|l!S2\dq

w)x��)xW�)x ²Á³���Ê ��~V� È�Ê � ³(µ�¶ � ¶}ê�· ~ À>³ ¸ ³%·K�¾À>³�µi´Y³ ~V� ³�µ ��� È
�>l f�P SK¦BS�U�Sim2nh\ _ \HeMQ ^ SHP VRS2\KfhS2U�¯)PWl _ b XYVZP [�\�S2\ ^�_ºu S�U:j2zhU ^ S2\ � ÕL\�fhSkV6SHPW\�S-X2fhXh�YVZP u SÁÐ&S2UWryESHPW\�S2U _ \He�fhS�U�° _ QReMXd\He2Qi�hb XYVZPW\�SC¬>xdnhU�S2\�f�fhS�U�~�P Sky ^ P S�nHQZPWl _ b XYVZP [�\¡QNVRXHV'V<q&O>Xd}MSHPaQNVTXMUWVTSZV4f�P S¦�S2U�S<m2nh\ _ \He+l�P VCSYPW\�S2U�e�Uv[]}�f�P QijMU�SkV§P QZP S2UWVRS2\º�1b XYVZPW\�S � ¬>S2b m�n�S6Q§P m2nº\�X2m2n _ \YVTS�U�QRm2nMP S<f.b P m2n�S2\
®>UªP VTS2UEP S2\ u S2UWyªSHPW\�S�U:\C[dfhS�U1X _ m2n�¬�P S<fhS�U u S2Uve]UvÀ]}MS2Uc\6jiXh\h\dqaO�P SC�1UczYy _ \HegfhS�U�Ò�SkV ^ Xd\h��XHQRQ _ \Heb x _ y�V�X _ VN[]l!XYVZP QTm�nCXd} � ¬&[]}MSHPdy�[]b eMS2\�fhSg�1UczYy _ \He2QijMUEP VRS2UEP S2\ ^�_ U�Ð%S2UWyNzHe _ \He�Q'VTS2n�S2\d¥

Ã ®�UczhlCl _ \He2QijMUEP VRS2UEP _ l|¥B¦�SkVkU�X2m2nYVRSkV
fhS2\|�ÂPW\hjkS2bhfhS2U�Ò�[hUcl!Xdb S2\ ^ ¬>SHP S2U�}�S2\�X�m2nh}�XMUWVTS�U`Lb S2l!S2\YVTSMq
Ã w2[hUcl�U _ [2VZP S2\YVNrZ®�UEP VRS2UEP _ l|¥ ϕf = 2 · Ri

Ru

l4P V
Ri
¥�s�\h\�S2\hjMU�SHP QkU�X�f�P _ Q

_ \�f Ru : Umkreisradius

Ã Ò�[hU:l fhSiQ�w2S2nhb S2UvQ�PW\�S�U:n�Xhb }6SYPW\�S2U
`ab S2l!S2\YVRe�UvÀ]­iSMqB°�b Q�w2S2nhb S�U>¬�PWU�f�f�P S¡°�}i¬>SYP m2n _ \HefhS2U>w)`hrkÓ�ÀMQ _ \He u []\�SHPW\�S�UBeMSie]b xHV'VTSkVRS2\ p QZP S2n�S#�]q é � ¯.SHP VRS��2��t�Ó2À2Q _ \He-}MSkViU�X�m2nYVTSkViq
Ã ��S�U:j ^ S _ eMf _ U�m2n�f.UEPW\He _ \He2QijMUEP VRS2UEP _ l|¥BO�P S4�KS2Ucj ^ S _ e�f _ U�m2n�f.UEPW\He _ \Heg¬�PWU�fKl�P V|¦�S ^2_ eX _ y�f�P S¡�1b XYVZP�\�S2\hl�P VNVRS2b Ã]x2m�n�S4}MSkVkU�X�m2nYVRSkV<q
Ã o�b xHV'V _ \HeMQkjMUEP VTS�UªP _ l�¥�_(\�fhS�U _ \He¡fhS2U�`Lb S2l!S2\YVc¬(PW\hjkS2b q
Ã o�b xHV'V _ \HeMQkjMUEP VTS�UªP _ l�¥�_(\�fhS�U _ \He¡fhS2U�`Lb S2l!S2\YVRQTm�nhb Xd\hj2n�SHP Viq
Ã Ð&S2Uve]UvÀ]}MS2U _ \HeMQkjMUEP VTS�UªP _ lÖ\�X�m2n|fhS2lÔ®�UczhlCl _ \HeMQij2UEP VTS2UEP _ l|q
Ã ° _ yEf�P m2j _ \HeMQij2UªP VTS2UEP _ l|q
Ã Ð&S2UWyªSHP�\�S2U _ \He�S2\YVib Xd\He�SHPW\�SiQ#�][�b JHeM[�\ ^2_ e�SkQC}MSHP]fhS�U1°�}h}MPWb f _ \He u [�\¢¦�SiQRm2nh\MP VNVRS2\dq
O�P S�X�fhXd�YV§P u S�Ò%SkV ^ku S2UWyªSYPW\�S2U _ \Heºn�XYV!SHPW\�S2\¡f�PWU�S2jkVTS2\¢`.PW\YÃ _ QRQ#X _ y(}�SkQNVZPWlCl(VTS6`aUve�S2}h\MP QNQNr
e�U�À�­<S�\dq!w.zhU!f�P S¢~�P Sky ^ P S2nHQZPWl _ b XYVZP []\�l�P V¢sWÒ�O(`L`�O8¬�PWU�f+S2lC�YyE[�nhb S2\ � Xhb QgX�fhXd�YV§P u SÁ�KS2Ucjkr
^ S _ e u S2UWyESHPW\�S2U _ \HeMQkjMUEP VTS�UªP S2\+fhXHQ���S�U:j ^ S _ eMf _ U�m2n�f.UEPW\He _ \He2QijMUEP VRS2UEP _ l PW\¼®L[�l|}MP�\�XHV§P []\èl�P VfhS2lÔ®�UczhlCl _ \HeMQij2UEP VTS2UEP _ l ^�_4u S2UW¬>S2\�fhS2\ > �Mé � �M� � �M� � �d�A?'q
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w)x��)x��lx{ú Ê � ·d¶ � ·
O�P S!�èPWUcjiÃ]x�m2n�S2\CfhS2UL�KS2Ucj ^ S _ e�S#¬>S�U�fhS�\|Xdb Q�QNVTXMUcU�Sg®L[]\YVTXhjiV'Ã]x2m2n�S�\|f�P QijMU�SkV§P QZP S�UvV � l�P V�¬>S�b rm2n�S�\¡f�P S¡®�\H[�VTS2\�fhS2U��1b XYVZPW\�S4PW\6®L[]\YVTXhjiV�QNVTS�n�S2\6jkÀ�\h\�S2\dqh�ÂPWUcjkV#}MSHP]fhS2U�s�\YVTSie�U�XYVZP []\�SHPW\�SiQ
¸LSHP V§PW\hjMU�S2l!S2\YVRSiQ�SHP�\�S�¸ _ e]jMU�XYy�V�X _ yLSYPW\�S2\4�1b XHV§PW\�S2\hjM\H[�VTS2\ � QR[�¬�PWU�f4f�P SiQTS2UL}MSHPWlû%>}�S2UvQTm�nhU�SYP r
VRS2\�SHP�\�SiQ4o�U�S2\ ^ ¬>S2UWVTSiQ u [�l �KS2Ucj ^ S _ e¢eMS2b ÀMQ'V _ \�fÁfhX�Q|s�\hjMU�S2l!S2\YV(¬�PWU�f-S2Uc\�S _ VC}MS2U�S<m2nh\�SkV> é��/?'qw.zhU%PWlC�hb P ^ P VTS�Ð&S2UWyEXdnhU�S2\|QNVRS2n�S2\|f�P S!y�[]b eMS2\�fhS2\|f.U�SHP�®L[�\YVTXhjiVi�2Uv[ ^ SkQRQR[hU�S2\ ^�_ ULÐ&S2UWyNzHe _ \He.¥

Ã �.S2\�Xhb V�JYrcÐ&S2UWyªXhnhU�S2\d¥�O>S2lèSYPW\�f.UEPW\He�S2\�fhS�\!®>\H[2VRS2\�¬�PWUcjiVBSHPW\�S>S2\YVReMSie�S�\He�SiQTSZV ^ V1S2U ^ S _ e2rVTSè�.S2\�Xhb V�JYrZ®�U�XYy�VÁS2\YVNe�SieMS2\ � f�P S�f�P SèÓMXHe�SºfhSiQ�®>\H[2VRS2\HQ p yEX�Q'V§t-X _ y�f�P S+ÓMXHe�SKfhS2U��S�U:j ^ S _ e2[]}MS2UWÃ]x2m2n�S ^2_ Ucz�m2j ^ ¬�PW\He2Viq>O�P SÁO _ U�m�n�f.UªP�\He _ \He�¬(P�U�f-Xdb QN[Kl!XHVkn�S2l!XHV§P QTm2nl4P VCf�P SiQTS�U © z�m2jiQNVTS�b b jMU�XYy�V u }MSiQNVkU�XHy�V�v p fhXHQ|S2\He]b P QTm2n�S¡�º[hUvV#yNzhU�¯dViU�XYyªS¢P QNV6�]S2\�Xhb V�J2tiqO�S�UaÐ%[hUvVRSHPWbdP QNV�SYPW\�SCU�S2b XHV§P u SHPW\YyEX2m�n�S|\ _ l!S2UEP QTm2n�S|��l
QTSkV ^2_ \He]q�O>S2U>Ò%X�m2nYVRSHPWb�}�SiQ'VTS2nYVfhXMUªP�\ � fhXh­(f�P S4®L[]\YVTXhjiVk}�Sif�PW\He _ \He�eMSi[]l!SkVkUEP QTm2ng\MP m2nYV&SZ¹2XhjiV�S2UWyNzhb b V�P QNV _ \�f|f�P S��KXdnhbSHPW\�S2U ^�_ e]Uv[]­iS2\6�]S2\�Xhb V�JYrkw _ \hjiV§P []\C}MSHPhfhS2U�o�b SHP m2nHeMSk¬(P m2nYVRQZP VTS2U�XYVZP [�\ ^�_ \ _ l!S2UEP QTm2n�S2\�1Uv[]}hb S2l!S2\4y'zhnhU�S2\�jkXd\h\dq
Ã ÓMXHe]U�Xh\He�SiQTm�n�S�{ _ b VZP��hb PWjkXHVN[hU�S�\d¥h`�Q&¬>S2U�fhS2\ ^2_ QTxYV ^ b P m2n�S!o�b SHP m2n _ \He�S2\#P�\HQ�o�b SYP m2n _ \HeMQ'rQ�JHQNVTS�l SHPW\HeMSkyNzHe�V<qYÐ%[hUWVTSHP�b n�XHy�V>P Q'V%f�P S�S§¹2XdjkVTS#`aUWyNzhb b _ \He�fhS2UB®L[]\YVTXhjiVk}�Sif�PW\He _ \HeMS2\ � fhX�1Uv[]}hb S2l!S
SHPW\�S2U ^2_ e�U�[�­<S�\C¯�VRSHP Õ�e]jkSHP V1¬(P SC}�SYPWl8�]S2\�Xhb V�JYr:Ð%S2UWyªXhnhU�S�\¡\MP m2nYV>S§¹�P QNVZP S2U�S2\dqO�S�U#Ò%X�m2nYVRSHPWbBP Q'V � fhXd­¡f _ U�m2n¢f�P S ^2_ QRxHV ^ b P m�n�S2\-o�b SHP m2n _ \HeMS2\ÁfhXHQ�o�b SHP m2n _ \He2QRQ�JHQNVRS2lXd\Y¬>x�m2nHQNViq�O�P SkQTSiQ&S2UcnHÀ]nYV�fhS2\ © S<m2n�S�\�X _ y�¬>Xd\�f¡}MSHP2fhS2U]~�P Sky ^ P S2nHQ§PWl _ b XHV§P []\�S2Ucn�S2}hb P m�n �
fhX|QTS�nhU u P S�b S¡®�\H[�VTS2\gPW\g®�[�\YVTXhjiV�QNVTS2n�S�\dq

Ã ¯.m2nhU�xHe�S © Xh\�f.}MS<f�PW\He _ \HeMS2\d¥�O>S2U�®�[�\YVTXhjiV|¬(P�U�fKf _ U�m2n © Xh\�f.}�Sif�PW\He _ \HeMS2\K}MS2Ucz�m2jkrQZP m2nYV§P e2Viqh¯][�}�Xdb f|SHPW\�®�\H[�VTS2\4f�P S(�KS2Ucj ^ S _ e�Ã.x�m2n�S
f _ U�m2n�f.U _ \He�S2\�n�XHV � ¬(P�U�f�fhS2U&®�\H[�rVTS2\¡X _ y�f�P S�®L[]\YVRXdjkVNÃ]x�m2n�S ^2_ Ucz�m2j<eMSiQTSkV ^ Viq�O�P S�®�\H[2VRS2\YyNU�SHP�n�SHP V�¬�PWU�f¢fhS2U�XMUWV
e�SiQRSkV ^ V �
fhXd­gf�P S¡Ð&S2UvQTm2nMP S2} _ \HeMQNy'U�SHPWn�SHP V�\ _ U!\H[dm�n-[hUWVinH[2eM[]\�Xhb ^2_ U��KS2Ucj ^ S _ e]\H[hUcl#Xhb S2\¢SZ¹�P QNrVZP S2UWViq

`�¹d�hb P ^ P VTSCw)`�{6¥aO�XgjkSHPW\�S4s�\YVTSke]U�XHV§P []\4fhSiQ(o�b SHP m2nHe�Sk¬�P m2nYVRSiQ(\HÀ2VZP e�P Q'V � jZÀ]\h\�S2\�f�P SC®�[�\YVTXhjiV'r
}MS<f�PW\He _ \He�S2\�U�S<m2nYV
SYPW\YyªX�m2n|e�SiQRSkV ^ V
¬>S�U�fhS�\dq1Ò%S2}MS2\�fhS2l �.S2\�Xhb V�JYrcÐ&S2UWyªXhnhU�S2\C¬>S2U�fhS2\�X _ m�njHPW\�S2l!XHV§P QTm2n�S © Xd\�f.}MS<f�PW\He _ \He�S2\#e�SiQRSkV ^ V<q
w)x��)x� ¡x � µ ~ �
Ê Ç Ê(È ~ ³ ���¹� ²6³ ~ � �}� È
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> é2� � ����?Nq]¯aP S|zh}YV�SHP�\�S2\�`.PW\YÃ _ ­�X _ y%fhS�\|¯���Xh\h\ _ \HeMQNr _ \�f-w�[hUcl#xh\�fhS2U _ \HeMQ ^2_ QNVRXd\�f _ \�f¡QN[2r
l�P V1X _ m�n(X _ y)f�P S © z�m�jiyªSifhS2U _ \He#X _ Q > �M� � �M��?NqdO>S2U]SZ¹d�MS2UEPWl!S2\YVTS2b b S
Ò�X2m2nY¬>SYP Q%fhSiQ%~�UEPW}2[]b [2edP SZr
u S2Ucn�Xhb VTS�\HQC}MS<f�PW\He�V
X _ y�¬>S2\�f�P eMS6O>X _ S2U u S2UvQ _ m2n�SMq1`)P�\�S|fhSZÕ�\MP S2UWVTSg`.PW\HQNVRS2b b _ \He¡fhS2U&¯.m�nhl4P S2UWrQNVN[2¨%l!S2\HeMS _ \�f|r u S�UvVRSHPWb _ \He�S2UvQTm2n�SYPW\YV#\�X�m2n6��zYV'VTS > é2��? _ \h�MU�XhjiVZP�jiXh}MS2b�q° _ yEe�U _ \�f¿fhSiQÁ®�[�\YVTXhjiVRSiQ ^ ¬(P QRm2n�S2\¿�Bb XHV§PW\�S _ \�f��KS2Ucj ^ S _ eºS2\YVNQNVTS2nYV�f _ U�m2n�f�P S © SHPW} _ \HeSHP�\�S
fhS�U © SHPW}hj2U�XHy�V&S2\YVReMSie�S�\He�SiQTSZV ^ VRS © z�m�jMn�Xhb VTS2j2U�XHy�V<q�O�X
QZP m2n|l!S2nhU�S2U�S|`.PW\YÃ _ ­ke]UvÀ]­iS2\ � ¬(P S
^ qv¦&qMf�P S>¬>XhnhU�S�®�[�\YVTXhjiV'Ã.x�m2n�S � fhS2U]¯]m2nhl�P S2U ^2_ QNVRXd\�f � f�P S!��l(y�[dUcl(VTS�l|�MS2U�XYV _ U � f�P S!��l(y�[dUcl(r
eMSiQTm2nY¬�PW\�f�P e�jiSYP V#[dfhS�U�f�P SÁw.b x�m2n�S2\h�2U�SkQRQ _ \He�X _ y�f�P S © SHPW} _ \He¢X _ Q'¬(PWUcjkS2\ > ����? � ¬(P�U�fºP�\ÁfhS2U~�P Sky ^ P S2nHQ§PWl _ b XHV§P []\�l�P V�SHP�\�S2lÖ`LUvQTXYV ^ l
[dfhS2b bheMS2U�S<m2nh\�SkViqO�P Sgw�[hU:l _ b P S2U _ \HegfhS2U © SHPW} _ \He|¬(PWU�f6Xh\hn�Xd\�f�fhSiQ4w.`B{4rZ�1Uv[Me�U�XhlCl
Q�s�\�fhS<S<f > �M�/?%SZ¹2S2lC�hb XYrUEP QTm�nÁ}MSiQTm�nhUªP S2}�S�\ � ¬&[�}�SYP.f�P S © SHP�}hjMU�xHy�VTS�\�X�m2n4y�[]b eMS2\�fhS2l5°�\HQTXHV ^ }MSiQNVZP�l|l(V�¬>S2U�fhS2\d¥

Freib = −FN · creib · 2

π
· arctan |

~Vrel|
sc
·
~Vrel

|~Vrel|
p ��q éMt

O>Xd}MSHPhQZPW\�f)¥

Freib
¥ © SHPW}hjMU�XYy�V

FN
¥ ®�[�\YVTXhjiVk\H[dUcl!Xhb jMU�XYy�V

creib
¥ © SHPW}hjZ[dS�N ^ P S2\YV p PW\CfhS�U�w2X2m�nhb P VTS�U�XYV _ UaX _ m2nn�x _ Õ�egf _ U�m2n µ }MSiQTm2nhUEP S2}MS2\2t

~Vrel
¥ Ð&S2jiVN[hU1fhS�UBVRXd\HeMS2\YVZP Xhb S2\ © S2b XYVZP u eMSiQTm2nY¬�PW\�f�P e�jkSHP V
^ ¬�P QTm2n�S2\6®>\H[2VRS2\ _ \�f¡��S�U:j ^ S _ e

|~Vrel|
¥ Ò�[hU:l u []\ ~Vrel

sc
¥ o�b xHV'V _ \HeMQk��XMU�Xhl!SkVTS�U

O�P S�X _ y�f�P SÁ�1b XHV§PW\�S2\hjM\H[�VTS2\�X _ yEeMS2}MU�X�m2nYVTS2\ © SHPW}hj2U�xYy�VRS4QZPW\�f�P�\ÁPWnhU�S2U © P m2nYV _ \He u [�\ÁfhS2Uo�SiQTm�nY¬(PW\�f�P e]jkSHP V > ���@?.Xd}hn�xh\HedP e.q�O�P S © SHPW} _ \HeMQkjMU�XHy�VBS2UcU�Sim2nh\�SkV�Q§P m2n�zh}MS2U�SHPW\�S�¯��2U _ \He�y _ \hjkVZP r[�\dq�¦�SHPhSHPW\�S�U�\�Sie�XYVZP u S2\�o�SiQTm2nY¬�PW\�f�P e�jkSHP V�¬�PWU�fgSHPW\�S4\�SieMXHV§P u S © SYPW}hjMU�XYy�V�SHPW\HeMS2b SHP VRSkV � ¬>S2b m2n�SQZP m2n�}�SYP]SHPW\�S2ULÐ%[hU ^ SYP m2n�S2\ _ lCjkS2nhUBS2}MS2\YyªXhb b Q
P�l5Ð�[dU ^ SHP m2n�S2\ _ l!f.U�S2nYViq
��l SHP�\�S2\�n�XMUcl
[]\MP QTm2n�S2U�S2\!Ð&S2Ucb X _ y1fhS�U%¦�S2U�S<m2nh\ _ \He ^2_ S�U ^ P S2b S�\ � P QNV>SHP�\�S�o�b xYVNV _ \Heg}�SHP�lÐ%[hU ^ SYP m2n�S2\Y¬>S<m�nHQTS2b�PW\ºfhXHQ © SYPW}hl
[dfhS2b b%SYPW\He�S2}2U�X2m2nYV�¬&[hU�fhS�\dq#s�\�°�}hn�xh\HedP e�jkSHP V¡fhSiQ-o�b xHV'rV _ \HeMQNyEXdjkVR[hUvQ�¬>S<m2nHQTS2b V�fhXHQ�Ð%[hU ^ SHP m�n�S2\�l�P VNVRS2b Q�SYPW\�SiQ�eMSie]b xYVNVRSkVTS�\H%�}MS2Uve�Xh\HeMQi}MS2U�SHP m�nHQ � ¬>S�b rm2n�S�U>f _ U�m�n�f�P S|XMU�mkVTXh\YrZw _ \hjkVZP [�\Á}MSiQTm�nhUªP S2}�S�\ÁP QNViq�s�\�°�}h}MPWb f _ \He��]q é-P QNV#fhS2U¹%�}MS2Uve�Xh\He�}�SHP

Ð%[hU ^ SYP m2n�S2\ _ lCjkS2nhULyNzhU�yE[�b e�S2\�fhSg¦�SHP Qi�MP S2b jZ[�\YÕ]e _ U�XHV§P []\�fhXMU�eMSiQNVRS2b b Vi¥
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o�b xHV'V _ \He2QNyªXhjiVN[dU 0, 01 ü 0, 1 ü 1, 0

o�SiQTm�nY¬(PW\�f�P e]jkSHP V
[mm/s]

© SYPW}hjMU�XYy�V
[N ]

°�}h}MPWb f _ \He���q é]qW¥�o�b xYVNV _ \He2QNyªXhjiVN[hU%}�SHP�l5Ð�[dU ^ SHP m2n�S2\Y¬>Sim2nHQTS2b�fhS2U © SHP�}hjMU�XHy�V

FN = 100N
O

cReib = µ = 0, 12
O

FReib = 12N
~Vrel = −10

}MP Q
10 mm/s

s�\|°�}h}MPWb f _ \He|�]q égQZPW\�f¡y�[]b eMS2\�fhSCo�b xYVNV _ \HeMQi��XMU�Xhl#SZVTS2UBfhXMUve�SiQ'VTS2b b V<¥
sc1 = 0, 01

p QTm2nY¬>XMU ^ S�U>o�U�Xd�hn2t
sc2 = 0, 1

p }hb X _ S2U1o�U�Xh�hn2t
sc3 = 1, 0

p Uv[2VTS�U&o�U�Xd�hn2t

`dQ
SZ¹�P QNV§P S2UWV(SHP�\g¸ _ QTXhlCl#S�\hn�Xd\He ^ ¬(P QTm2n�S2\Á®L[]\YVRXdjkVi\H[hUcl#Xhb Qi��Xh\h\ _ \He�S�\ _ \�f © SHPW}i¬>S�UvV > é2� �é2�/? � ¬>S�b m2n�S2ULS§¹2S2lC�hb XMUEP QTm2n
yNzhU�fhS2\
�KS2Ucj<QNVN[2¨�O����2�6}�SHP�SHP�\�S2U�n�S2UcjZÀ]lClCb P m2n�S�\#¯]m2nhl�P S2U _ \HeX _ yEeMS ^ SHP e2V�¬&[hU�fhS2\�P QNViq�O>S2lC\�X�m2n u S2UcUEPW\He�S2UWV4Q§P m2nÁfhS2U © SHPW}k¬>S2UWV u []\ 0, 18
}MSHPBSYPW\�S2U
®L[]\Yr

VRXdjkVNÃ]x2m�n�S2\HQi��Xh\h\ _ \He u []\ 5 MPa
X _ y 0, 08

}�SHP
45 MPa

q�O�P SÁÐ%S2UcUªP�\He�S2U _ \He�¬(PWU�f+X _ y
½�}�S�UvÃ]x�m2n�S2\He�b xHV'V _ \He2QTSk¨�S2jkVTS|}MSHP ^�_ \�S2nhl!S2\�fhS2U>®L[]\YVRXdjkVi\H[hUcl#Xhb Qi��Xh\h\ _ \He ^2_ Ucz�m2jie�Sky'zhnhUvViqO�P SC\�X2m2n > é2é/? _ \YVRS2UvQ _ m2nYVTS|�%S2U�X _ yEQTSkV ^2_ \He¡fhSiQ © SHPW}YyEXdjkVR[hUvQ u []\ 0, 07

X _ y 0, 09
n�XYV!jkSHP�\�S2\

`.PW\YÃ _ ­!X _ y1fhXHQ�`aU�eMS2}h\MP Q�fhS�U © z�m2jiyES<fhS2U _ \He � fhX|fhS2U&��\YVRS2UvQTm2nMP SifgfhS2U&`aUve�S2}h\MP QNQTS�}MSHP�SHP�\�S2UO�P ¨�S2U�S2\ ^
u []\ +0, 9%
b P Sie2Viq

s�\h\�S2Ucn�Xhb }Cf�P SiQRS2U>O�P QRQTS2UWVTXYVZP []\�¬�PWU�f�fhS2U © SHPW}YyEXdjkVR[hU&}�SHPdfhS2\|¯aP�l _ b XHV§P []\�S2\#Xhb Q#jZ[]\HQNVRXd\YV�Xh\YreMSiQTS2n�S2\ _ \�f�S2\YVNQi�MUEP m�nYV�y'zhU�~�P Sky ^ P S2nHQ'VTxhnhb S�� � �<� > é/�/?Nq
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Ã �>PW\YVTS�U�QRm2nh\MP VNV§P e]jkSHP V
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VBSiQ ^2_ SHPW\�S�l u [hU ^ SHP V§P e�S�l ®L[]\YVTXhjiV ^ ¬�P QTm2n�S2\�¯�VRS2l(r��S2b _ \�f�{�XYViUEP ^ S � jkXh\h\CfhXHQ
¸1P S�nYVTSHPWb]\MP m2nYV
}MP Q ^�_ l `a\�fhS4X _ QRe�Sky�[hU:l(V�¬>S2U�fhS2\dqd�ÂP�U�f
SHPW\�S!®L[�l|�MS2\HQTXYVZP []\
Xh\He�Sk¬>Xh\�fMV � }MSiQNVTS�nYV%f�P S(o�SkyEXdnhU u []\
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¸BP S2nhUEP m2nYV _ \He
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QNVTS2n�S�\�fhS2\��KXd\�f-eMS ^ [2e�S2\Á¬>S2U�fhS2\dq>O>X�Q4°�}i¬>SYP m2n _ \HeMQ'yªS2b f ^ ¬�P QTm2n�S2\¢¯�[]b b r _ \�f¿s QNV'r
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Ã {�X<¹�PWl!Xdb S6`ab S�l#S�\YVijkXd\YVRS2\hb xh\He�S 5 mm
¥�O>X�Q(Ð&S2Uc\�SkV ^ S2\�fhS2U��ÂP�U:jkÃ]x2m2n�S�\¢l�P V
SHP�\�S2U

jMb SHP�\�S2U�S2\�`ab S�l#S�\YVijkXd\YVRS2\hb xh\He�S¡eMSie�S�\hzh}�S2U
SYPW\�S2U�\H[hUcl!Xdb S�\�~�P Sky ^ P S2nHQZP�l _ b XHV§P []\�}MSkre]Uczh\�fhSkVaQZP m2n�f _ U�m2n�fhXHQ�%>}�S�U�f.Ucz�m2jkS2\>fhS�U]��°(O%rkw]b x2m�n�S2\dqHO�P S u S2Uc\�SkV ^ VTS2\>�ÂPWUcjkÃ.x�m2n�S2\¬>S2U�fhS2\�l
[df�P Õ ^ P S�UvV _ \�f�PWlè°�\HQTm2nhb _ QRQ1f�P S���°(O&rZO>XYVTS2\�X _ yB¦�X�Q§P Q%fhS2Uh�KS2Ucj ^ S _ e]\�SZV ^ S
u S2U�xd\�fhS2UWViq L S6l#S�nhU(sW\Yy�[hU:l!XYVZP [�\HQi� _ \hjiVRS¡X _ y�f�P SÁw.b x2m2n�S�\-zh}MS2UWViU�X�eMS2\g¬>S2U�fhS2\�jZÀ�\Yr\�S2\ � fhSiQNVN[!eMS2\�X _ S2U.P QNVBX _ m2n�f�P S&°�}h}MPWb f _ \He�fhS�U © z�m2jiyES<fhS2U _ \HeMQZP�\YyE[hUcl#XYVZP []\�S2\�X _ y.f�P S��S�U:j ^ S _ e2e�Si[�l!SkViUEP SMqM¦BSYPHSHP�\�S2Uh¯dVTXh\�fhXMU�f u S�U:\�SZV ^2_ \He�jZ[�l|l!S2\!`ab S2l!S2\YVkjiXh\YVTS�\hb xd\HeMS2\
_ l 30 mm ^�_ l5~�U�XHe�S�\dq)��l f�P S���°(O%rZO>XHVRS2\(Ã.S§¹�PW}hb S2U�l
[df�P Õ ^ P S2U�S2\ ^�_ jZÀ]\h\�S�\ � P QNVSHPW\�S�Ð&S�U:UEPW\HeMS2U _ \He�X _ y 5 mm

e�SkQTSkV ^ V4¬&[hU�fhS�\dq�O�P SiQ�}�S<fhS _ VTSkV � fhXh­�Qi��xHVRSiQNVRS2\HQCXdb rb S
5 mm

SHPW\g¯�VizYV ^ � _ \hjkV(f�P S¡S§¹2XdjkVTS�o�Si[�l!SkViUEP S6}�SiQRm2nhU�SHPW}YV<q%O�P S © z�m2jkyNzhnhU _ \HeÁfhS2UÒ%SkV ^ e�Si[�l!SkViUEP S|PW\¡�L°
O%rZO>XHVRS2\�P Q'V�yNzhU1fhXHQ4w�U�xHQTS2\|fhS2U��KS2Ucj ^ S _ e�S�\H[�V:¬>S�\�f�P e.q
Ã {�X<¹�PWl!Xdb S¢`ab S2l!S2\YVkjiXh\YVTS�\hb xd\HeMS u [�\6¬>S2\MP e-eMS2jMUczhlCl(VTS2\�¦�S2U�SHP m2n�S2\ p ¦%b S<m2nhn�Xhb VRS2U�t �¬>S2\h\CQZP S¡\MP m�nYV u [�\¡fhS�U��Bb XHV§PW\�S|zh}MS2U�fhS<m2jkV�¬>S2U�fhS2\d¥ 20 mm

Ã ¯.S2jkXh\YVTS2\�Xh}HQNVTXh\�f)¥ 0.01 mm

O�P S¡`ab S�l#S�\YVijkXd\YVRS2\hb xh\He�S!fhS2UB�KS2Ucj ^ S _ eMS¡l _ ­CPW\�jZ[]lC�MS2\HQTXYVZP [�\HQN¬(P m2nYVZP eMS2\�¦�S2U�SHP m�n�S2\�fhS2U`ab S2l!S2\YVkjkXd\YVRS2\hb xh\He�SÁfhS2U¡�Bb XHV§PW\�S-S�\YVRQi�2U�Sim2n�S2\dq&°�\ ` SifhS2lJ®>\H[2VRS2\KfhS2U|�1b XYVZPW\�S6¬(PWU�fèf�P S
s�\YyE[hUcl!XHV§P []\KfhS2U © z�m2jiyES<fhS2U _ \He¿X _ yCfhXHQg�KS2Ucj ^ S _ e¼zh}�S�UvVkU�X�eMS2\dq#O>S2l!S2\YVNQi�MU�S<m2n�S�\�f u P S2b S®>\H[2VTS�\#QR[�b b VRS2\
X _ m�n4P�lÂ�KS2Ucj ^ S _ e u [hUcn�Xd\�fhS�\(QTSHPW\dq]`)P�\�¬>SHP VTS�U�SkQ
®>UEP VTS2UEP _ l P Q'V&fhS2U�jMb SHP�\HQNVTSl
ÀMe�b P m2n�S¢`Lb S2l!S2\YVijkXh\YVTS2\Y¬�PW\hjkS2b�q���S�U�fhS�\�`Lb S2l!S2\YVTS¢l�P V�jMb SYPW\�S2l¾®�Xh\YVTS�\Y¬(PW\hjkS2bBjZ[]lC��S�\Yr
QZP S2UWV � QR[!f.Uv[]n�S2\�QZP S&QTm2nh\�S2b b ^2_ jHPW�h�MS2\ � ¬>XHQ ^�_ �>\HQNVTSkV§P e]jkSHP VTS2\>fhS2Ud½4}MS2UWÃ]x2m2n�S�\h}�SiQRm2nhU�SHPW} _ \Hey'zhnhUvViq�O�P S¢w2[�b e�S�QZPW\�f¿�>\HQNVTSZVZP e�jiSYP VTS2\¢}�SYP1fhS2\¢¸1P S2n�S2Uve�S2}h\MP QRQTS2\dq>`dQ�P QNVCfhXhn�S2U(\H[2Vc¬>S2\�f�P e �
f�P S|jk[�lC��S2\HQ§P S2UWVTS2\4�èPWUcjiÃ]x�m2n�S2\¡nMP�\HQZP m2nYVkb P m2n4PWnhU�S2U�`Lb S2l!S2\YVTS ^2_ zh}�S�U:�2UczYyªS2\dq
w)x��)xW·)x�� ~ ³ Æ!Ç ³ ~ �]·d³ � ³�µA�.¶�·K� � Ê � ³ Ç:Ç
�>l f�P S © Sim2n�S2\ ^ SYP VTS2\ u [�\!~�P SZy ^ P S2nHQZPWl _ b XYVZP [�\�S2\ ^�_
u S�U:j2zhU ^ S2\ � QZPW\�f4Xh\�Xdb JYV§P QTm2n�S!`LUvQTXYV ^ l
[2rfhS2b b S
y'zhU%¸BP S2nhb SYP QNVTS�\CS2\YVc¬(P m2jkS2b V&¬&[hU�fhS�\dq
s�\�°(}h}MP�b f _ \He|�]q��Y�¢P QNV�f�P SC¸1P S2nhb SHP Q'VTS|Uv[�V
fhXMU�eMSiQNVRS2b b Viq L Sg\�X2m�nC° _ Qk�MU�x�e _ \He6fhS2U�Ó2SHP Q'VTS4S2\YV'rQNVRS2nYV%SYPW\�S © z�m2j2n�Xdb VRS2jMU�XYy�V%}MSHPWl5`.PW\hb X _ yªS2\�fhS2UB�1b XYVZPW\�S > �<�M�/?'q�O�P S�¸BP S2nhb SHP QNVTS2\!jZÀ]\h\�S2\#PW\�fhS2U
�KS2Ucj ^ S _ e�SYPW\�XMUc}�SHP V#b SHP m2nYV u S2U�xh\�fhS2UWV�¬>S2U�fhS2\dq�`dQ�¬(P�U�fÁSHPW\�S © z�m�jMn�Xhb VTS2j2U�XHy�V�X _ y>f�P S4SHPW\YÃ)P SZr­iS2\�fhS��Bb XHV§PW\�S(X _ y�e�S2}2U�X2m2nYViqaO�P SiQTSCjiXh\h\¡l�P V�SHP�\YyªX�m2n�S2\�{¡P V'VTS2b \ ^2_ Ucz�m2jie�S2\H[�lCl#S�\�¬>S2U�fhS2\ �¬>S2\h\�fhX�Q�¦BX _ VTSYPWb2\MP m2nYV%n�S2UvQNVTS�b b }�XMU]P Q'V<qhO�P S(¦&b S<m2nhUcz�m2jMn�Xhb V _ \He u S2U _ UvQTX2m�nYV>PW\�fhS2U _ l
e�Sky�[dUcl(rVRS2\6�1b XYVZPW\�S
SHPW\�S|O>S2nh\ _ \He.qaO _ U�m2nCfhXHQ#�1b X�QNV§P Õ ^ P S�U�S�\CfhSiQ�¦%b S<m�n�SiQ�S2UWyE[�b e2V�SHPW\�S
e�Sk¬
zh\HQTm2nYVRSÐ&S�UvyESiQNV§P e _ \He > �2��? � f�P S
SYPW\�S2\|�M[2QZP VZP u S2\g`h¨�S2jkV
}MSHP�fhS2UaÐ&S�U:UEPW\HeMS2U _ \He�l#Xh­�b P m2n�S2U.°�}i¬>SHP m�n _ \Yr
eMS2\�fhXMU�Q'VTS2b b V > ��� � � � �Mé�?Nq¯)PWl _ b XHV§P []\HQ'VTS<m2nh\MP QTm2n�Q§PW\�fèf�P SiQTSº¸BP S2nhb SHP QNVTS2\ � ¬>S2\h\ºQZP S�eMSi[]l!SkVkUEP QTm2n+PWl �KS2Ucj ^ S _ e u [hUWrn�Xh\�fhS2\�QZPW\�f �1_ \He�zh\HQNVZP e]q.° _ yEe�U _ \�f�fhS2U%°%fhXh�YVZP u P VTxYV(fhS2U��Bb XHV§PW\�S4S2UWyE[�b e2V#Xh\�fhS2U&¯dVTS2b b SCfhS2U
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°(}h}MP�b f _ \He|�]q��Y��qv¥a¸1P S�nhb SHP QNVRS4PW\4SHPW\�S2l �KS2Ucj ^ S _ e

¸BP S2nhb SYP QNVTS(SHP�\�S(Q'VTXMUcjkS|`ab S2l!S2\YV u S2UWyªSHP�\�S2U _ \He.q)O�P SiQRS!S2UcnHÀ�nYV�fhS�\¡U�S<m2nh\�S2UEP QRm2n�S2\�° _ y�¬>Xd\�fCyNzhUfhS2\�w.`B{4rR��[dfhSgS2Ucn�S2}hb P m2ndq��>lÖf�P S © S<m�n�S2\ ^ SHP VTS2\ ^�_�u S2UcUEPW\He�S2Uc\ � n�Xh}�S2\�f�P S¡¯�[2y�Vc¬>XMU�S<S2\YV'r¬�P m2j2b S2UC`aUvQTXHV ^ l
[dfhS2b b SÁyNzhU#¸BP S2nhb SYP QNVTS�\�S2\YVc¬�P m2jkS2b Viq�¦�XHQZP Q�SHP�\�SiQ ` S<fhS�\è`LUvQTXYV ^ l
[dfhS2b b SiQ�P QNV
SHP�\-Ó�PW\MP S2\ ^�_ e � ¬>S2b m2n�S�U&f�P S|¸1P S2nhb SHP Q'VTS�fhXMUvQNVRS2b b Viq1O>S2l Ó�PW\MP S�\ ^2_ e¡¬�PWU�f¢SYPW\�S © z�m2jMn�Xhb VTS�jMU�XHy�V�MS2U
¸LXdnhb S2\Y¬>S2UWVgl�P VReMSie�S�}�S2\ _ \�f�S2\YVRQk�MU�S<m2n�S2\�f�fhSiQ¡¸LXdnhb S�\Y¬>S2UWVTSiQ�¬�PWUcjiV|f�P SkQTS�®�U�XHy�V�X _ yf�P S�SHPW\YÃ)P S2­iS2\�fhS2\¢�1b XYVZP�\�S2\�S2b S2l!S2\YVRSMq1¦�SHP�fhS2U>¯][�y�Vc¬>XMU�S-sWÒ�O(`�`LO ¬�PWU�fK}�SYP Qi�MP S2b QN¬>SHP QTS�SHPW\�S
© z�m2j2n�Xdb VTS2j2U�XYy�V>PW\¡Ò�Sk¬�VN[]\g�2Uv[6lCl Ó2xh\He�S
fhS2U�¸BP S2nhb SHP QNVTS�fhSkÕL\MP S�UvViq L S<fhS2U&®>\H[2VRS2\ � ¬>S2b m�n�S2Uzh}MS2ULf�P SkQTS
¸1P S�nhb SHP QNVRS�e�S ^ [MeMS2\4¬(P�U�f � S2UWyªxhnhUvV�PW\ ` S<fhS2l ¸�SHP VRQTm2nhUEP V'V&f�P SiQRS4Ucz�m2j2n�Xdb VTS2\�fhS�®>U�XYy�V
S2\YVNQi�MU�S<m�n�S2\�f�fhS2U�`Lb S2l!S2\YVijkXh\YVTS2\hb xh\He�S2qE%�}hb P m2n�S
�KS2UWVRS#QZPW\�f

50 � 100 _ \�f 200 N/mm
q

w.zhU�f�P S4Ð&S2UW¬>S2\�f _ \He¢fhS2U
`aUvQTXHV ^ l
[dfhS2b b S|¬�PWU�f�SHPW\-ÓhPW\MP S2\ ^2_ e6e�S�\�S2UEP S2UWV � ¬>S2b m2n�S2U�f�P S�¸1P S�nYr
b SYP QNVTS
fhXMUvQNVTS�b b V<q.O�P S
¯)P m2jkS2\hj2U�XYy�V>S�\YVib Xh\He|f�P SiQTS2U&Ó�PW\MP S�}MS2U�S<m2nh\�SkV>QZP m2n#y�[]b eMS2\�fhS2Ucl!Xd­iS2\ > �M�/?'¥

FPL = −FB · fg · 2

π
· arctan |

~Vrel|
sc
·
~Vrel

|~Vrel|
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O>Xh}�SHPdQZPW\�f)¥
FPL

¥ ®>\H[2VTS�\hb X�Q'V � f�P S�X _ Q�fhS2\��2U�[ ` S ^ P S2UWVTS2\ÁÓ�PW\MP S2\gU�SiQ _ b VZP S�UvV
FB

¥ ¦�S2\ _ V ^ S2UcjMU�XYy�V
fG

¥ o�Sk¬�P m2nYVNQNyªXhjiVN[dUBfhSiQ ^�_ }�S2b X�QNVRS2\�fhS2\�®>\H[2VRS2\HQ
~Vrel

¥ Ð&S�jiVR[hUBfhS2U%o�SiQTm2nY¬�PW\�f�P e�jiSYP V�fhSiQ ^2_ }MS2b XHQNVTS2\�fhS�\�®�\H[�VTS2\HQ
|~Vrel|

¥ Ò�[hUcl u []\ ~Vrel
sc
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QNVRS2b b V � ¦BS�U�Sim2nh\ _ \HeMQiU�SiQNQR[ _ U�m<S2\ ^2_ \ _ V ^ S2\ �%_ l fhS2\�}MSiQNVkl!À2e]b P m2n�S2\��1Uv[ ^ S2­gy'zhU�SHPW\�S�[]�YVZP rl!Xhb S¡¦�X _ VRSHPWb eMSi[]l!SkVkUEP S�l�P V!�>PWb yES�fhS2U�w)`�{ ^2_ }MS2U�S<m2nh\�S�\dq
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O>S2U>®�U�SHP Qib X _ y�}MSiedPW\h\YV(l�P V�fhS2UB¸BP S2b fhSkÕL\MP V§P []\#SHPW\�S�U&¦BX _ VTSYPWb e�Sk[]l!SkViUEP S2qasW\|SYPW\�S2ULQTS2nhULy'U:zhn�S�\
�1b Xd\ _ \He2Qi�hn�X�QRSC}MSiedP�\h\YV�f�P S
°�\�Xhb JHQTS#fhS�U&¦BX _ VTSYPWb e�Sk[]l!SkViUEP S(QTSHP VTS2\HQ�fhS2U>{�SZVinH[dfhS2\h�hb Xh\ _ \He.q°�\
f�P SiQRS2U�¯�VRS2b b S�PWl �1Uv[df _ jiVRS2\YVRQ'VTS2n _ \He2Qi�MUv[ ^ S2­ p ��`L�Lt u S2U _ UvQTX�m2n�S2\C¦�X _ VRSHPWb l
[df�P ÕLjkXYVZP [�\�S2\f�P S!e�S2UEPW\He2QNVTS2\)_�\�fhS2U _ \He2QijZ[MQNVRS2\dqd°(\hn�Xh\�fgfhS2U>`aUWyªXhnhU _ \He�S2\ u [�l © z�m2jkyªS<fhS�U _ \He2Q u S2Ucn�Xhb VTS2\X _ Q u [hUcn�S2UEP eMS2\gw2XdnhU ^ S _ e]�2U�[ ` S2jiVRS2\#¬�PWU�f|f�P S4¦BX _ VTSYPWb e�Sk[]l!SkViUEP S(Xh\hn�Xd\�fCSHP�\�SiQ>S2\�S2Uve�SkV§P QTm2n�S�\°�\HQTXYV ^ SiQ¢}MSk¬>S2UWVTSZV<q�{|S2nhU�S2U�S�¦BX _ VTSYPWb u XMUEP Xh\YVTS2\�¬>S2U�fhS2\ºjMb X�QRQ§P Õ ^ P S2UWV _ \�f _ \YVRS2UvQTm2nMP S<f.b P m2n�S
{C[df�P ÕLjkXHV§P []\�S2\�PW\HQ-¦�X _ VTSHP�b1SYPW\He�S2}2U�X2m2nYViq�w.zhU
f�P Sº`L\YVc¬�P m2j2b _ \He�fhS2U#¸1P S2n�Xd\hb X�eMS�¬�PWU�f+f�P S¦�X _ VTSHPWb e�Si[�l#SZViUEP S¢n�S2U�Xh\He�S ^ [MeMS2\ � ¬>S2b m2n�S¡QTSHP VTS2\HQCfhS2U�¯)PWl _ b XHV§P []\gfhX�Q ^ P S2nYVRS<m2nh\MP QTm�n�Sg½��YrV§PWl _ lGfhXMUvQNVTS�b b V<q1¯aPW\�fºf�P Sg�ÂP�U:jkÃ]x2m2n�S�\�S2UvQNVRS2b b V � S2UWyE[�b e2V¡f�P SÁ½��YVZPWl�P S2U _ \He�fhS�U4�1Uv[ ^ S2­2��XYr

°�}h}MPWb f _ \HeC�.q���qW¥ © Sie�S2b jMU�SHP Q�fhS�U © z�m2jkyªS<fhS�U _ \He
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U�Xhl#SZVTS2U _ \�f�f�P S6®L[hU:U�S2jkV _ U�fhS2U&�ÂP�U:jkÃ]x2m2n�S�\YyE[hUcl � f�P SÁ\�X�m2n6S2UWyE[�b e2VRS2U © z�m2jiyES<fhS2U _ \He¢fhS2l
}MSiQTm2nh\MP VNVTS�\�S2\C¸BP S2nYVRSHPWb�fhS2U�¯�[]b b eMSi[]l!SkVkUEP S#S2\YVNQi�MUEP m�nYV<qM�KS2\h\�fhX�Q>��S�U:j ^ S _ e�jZ[]\ ^ S��YV _ l
eMSkrQTSZV ^ VC¬�PWU�f _ \�fºS�U�Q'VTS�¦�Sk¬>S2UWV _ \HeMS2\�fhS�U#l!Xd­�b P m�n�S2\6°�}i¬>SHP m�n _ \He�S2\ u [hUcb P SieMS2\ � ¬>S2U�fhS2\-f�P S{|Xd­�\�Xhnhl#S�\ºl�P V'VTS2b Q u © S u S2UvQTS�`a\HedPW\�S<S�UªP�\He/v > �M� � �Mé � ��� � �2� � �2� � �2� � �2� � ����?�zh}MS2Uc�MUczYy�ViqO>XHQ
�BUªP�\ ^ PW�
f�P SkQTS2UB`LUveMS2}h\MP QiUcz�m2jkyNzhnhU _ \He�}MS2U _ nYV&fhXMU�X _ y � f�P S���S�U:j ^ S _ e�¬(P�U:jkÃ]x2m2n�S�\ ^2_ f�P edP rVRXdb P QZP S2U�S2\ �a_ l f�P S¡`aUve�S2}h\MP QRQTSCX _ Q(fhS�lÖU�S<Xhb S2\Á�1Uv[ ^ SiQRQCl�P V�fhS�\�S2\|fhS2U>}�S2U�S<m�nh\�SkVTS2\6O>XYVTS2\
^�_|u S�U�e�b SHP m�n�S2\dq
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�lx�w)x"y+x ��� ³(µiÈ ~ ³ Ä�» ³�µA� Å�Æ�~ ³¹� ��� È�� ÄhÄ ·d³ ~~« È � ³ ~ ·K�E� � �.¶ � � ³ �!Æ ¶ � È
O>S2U#¸)¬>Xd\He � ¦�X _ VTSHP�b e�Si[�l!SkViUEP S2\ ^2_ SHP�\�S2lØl
ÀMe]b P m2nHQNV|yNUczhn�S2\K¸LSHP Vk� _ \hjiV¡PWl �1Uv[df _ jkVTS2\YV'r
QNVRS2n _ \HeMQk�MUv[ ^ S2­ ^2_ }�S<SYPW\YÃ _ ­<S2\ � }�S�U _ nYV
X _ y�fhS2U�`aUWyªXhnhU _ \He � fhXh­Cf�P SF_�\�fhS2U _ \HeMQijZ[2QNVTS2\¡Xh\SHP�\�S2l ¦�X _ VRSHPWb _ l
QR[#eMS2UEPW\He�S�UdQZPW\�f ��` S&yNUczhn�S2UB{|[df�P Õ�jkXYVZP [�\�S2\�SHPW\YÃ)P S2­iS2\dq��>\YVTS2UvQ _ m�nYV�¬>S�U�fhS�\QR[�b b]PWl y�[]b eMS2\�fhS2\ � []}4SiQ�l
ÀMe]b P m2n�P Q'V � {C[df�P ÕLjiXYVZP []\�S2\�Xd\CSYPW\�S2U>¦�X _ VRSHPWb eMSi[]l!SkVkUªP SCnMPW\HQ§P m2nYVNrb P m2nCfhS2U © z�m2jiyES<fhS2U _ \He¢}MS _ UWVTSYPWb S2\ ^�_ jZÀ]\h\�S2\dq© z�m2jkyªS<fhS�U _ \HeMS2\CU�SiQ _ b V§P S2U�S2\
X _ Q�S�b X�Q'VZP QTm�n�S2\CO>SkyE[hUcl!XHV§P []\�S2\
fhS�U _ l
e�Sky�[hU:l(VRS2\¡�Bb XHV§PW\�S � f�P Sf _ U�m2n�y'U�SHP ¬>S2U�fhS2\�fhS¡`.P eMS2\HQi��Xh\h\ _ \He�S2\�\�X2m�n|fhS2U&`a\YVib XHQNV _ \He�fhS2UL�KS2Ucj ^ S _ e�S _ \�fgfhS2lÖ¦�Skr
QTm�nh\�SHP fhS2\CS�\YVRQNVRS2n�S2\dqh�ÂPWUcjkS2\�®>U�xHy�VTS4X _ y%SHPW\�S4o%Sk[]l!SkViUEP S#SHPW\ � QR[gQZP�\�f�O�SZyE[hUcl#XYVZP []\�S2\ u [�\fhS2U�¯�VTSYP Õ�e]jkSHP V�fhS2U(¯�VkU _ jiV _ U�Xh}hn�xd\HehP e.q>O�P S6¯�VTSYP Õ�e]jkSHP V�SHPW\�SiQ6¦�X _ VRSHPWb Q¡P Q'V|Xd}hn�xh\HedP e u []l`hrk{|[df _ bhfhSiQ��KS2Ucj<QNVN[2¨�SiQ _ \�fgfhS�U&o�Si[�l#SZViUEP S � e�S2\�X _ S2UBfhS2lÔw.b x�m2n�S2\YVkU�xHe]n�SYP VRQil
[�l#S�\YV<q

°(}h}MP�b f _ \HeC�.q �]qW¥.Ð&S�U:UEPW\HeMS2U _ \He�fhS2U © z�m2jkyªS<fhS2U _ \He¡f _ U�m�n6`LUcnHÀ�n _ \HegfhS2U1¯�VRSHP Õ�e]jkSHP V

s�\�°�}h}MPWb f _ \HeC�]q �ÁQZPW\�f�PWlÖ± _ S2UvQTm2nh\MP V'V ^ ¬>SHP _ \YVTS2UvQTm2nMP S<f.b P m2n�Sg�BU�[�ÕLb S¡fhXMUve�SkQNVTS2b b V<q�O�P S�b PW\YrjkS�¯.SYP VTS|QNVTS2b b V4SHP�\��BrZ�1Uv[2ÕLba[�nh\�S¡Ð&S2UvQNVTSYP y _ \He2QRQZP m2jkS�fhXMU � U�S<m2nYVRQ4Q§PW\�f ^2_ QTxYV ^ b P m2n�S|Ð&S2UvQNVTSYP r
y _ \HeMQRQZP m2jkS2\¢SHPW\He�S�}MU�X2m�nYV<q&��\YVRS2U�fhS�U�°�\h\�Xhnhl#S � fhXh­gf _ U�m2n�nHÀ�n�S2U�S�w.b x�m2n�S2\YViU�xHeMQin�SYP VRQil
[�r
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l!S2\YVRSºPW\YyE[�b e�S�fhS2U
Ð&S2UvQZP m�j _ \He�S�\Â\�X�m2nÂ`a\YVib XHQNV _ \He¿fhS2U!��S�U:j ^ S _ eMS-¬>S2\MP eMS2Ug`.P eMS2\HQi��Xh\Yr
\ _ \HeMS2\4yNU�SHP ¬>S�U�fhS�\ � yEXdb b S2\Cf�P S © z�m2jiyES<fhS2U _ \He�S2\|PWl u S2UvQNVTSHP y�VTS�\¢¦�X _ VTSHP�bMeMS2UEPW\He�S2U1X _ Q p QZP S2n�S°�}h}MPWb f _ \He|�.q �g¯]SHP VRS#���htiqO�P SiQRS2U�`.PW\YÃ _ ­ u [�\�eMSi[]l!SkVkUªP QTm2n�S2\ÁÐ&S2UvQNVRSHP y _ \HeMS2\Á¬(PWU�f�PWl �>lCjiS�nhU�QRm2nhb _ QRQ�y'zhU(f�P S�¦�S _ UWrVRSHPWb _ \He u []\6¦�X _ VTSHP�b e�Si[�l!SkViUEP S2\|n�S2U�Xh\He�S ^ [Me�S�\dqBO>Xh}�SHP�P QNV�fhXHQ#®L[]\ ^ S2�YV�y'zhU1f�P S|¦�S _ UWVTSYPWb _ \He
u [�\�¦BX _ VTSYPWb e�Sk[]l!SkViUEP S�\gQR[-X _ QReMS2UEP m2nYVRSkV � fhXh­ _ \YVTS2UvQTm2nhb P S<f.b P m�n�Sg¦BX _ VTSYPWb e�Sk[]l!SkViUEP S�\-U�S2b XYVZP u
^�_ SHPW\�Xh\�fhS2U!}MSk¬>S2UWVRSkVC¬>S2U�fhS2\KjZÀ�\h\�S2\dq�`dQC¬>S2U�fhS2\ u P�UvV _ S2b b&¦�S2b XHQNV _ \He�S2\¢X _ y u S�U�QRm2nMP S<fhS2\�S
¦�X _ VTSHPWb e�Si[�l#SZViUEP S2\¢X _ yEe�S�}MU�X2m�nYV _ \�f�f�P S ` S2\MP eMS � ¬>S�b m2n�S6X _ y�e]U _ \�fKPWnhU�SiQ6w.b x�m2n�S2\YVkU�xHe]n�SYP VRQNrl
[]l!S2\YVNQ|fhS2\6e]UvÀ]­ZVTS�\¢Ð&S�Uvy�[hU:l _ \He2QN¬(P fhS2UvQNVTXh\�f�X _ y�¬>SHP QNV � ¬�PWU�f�Xdb QgUcz�m2jkyªS<fhS�U _ \He2QRe]zh\HQ'VZP e}MSk¬>S2UWVTSZV<q
s�\�°�}h}MPWb f _ \HeC�]q ��¬�PWU�f�f�P S�¦�S2b XHQNV _ \He�SYPW\He�S2}2U�X2m2nYV � f�P S6SHPW\�S�U#\H[hUcl4P S2UWVTS2\ u PWUWV _ S2b b S2\6Ð&S2UWr

u = const

F1 6= F2

°�}h}MPWb f _ \HeC�.q �]qW¥���rZ�1Uv[2ÕLb S _ \YVRS2U>`)P�\hn�SHP VRQk}�S2b X�QNV _ \He�S2\
Ucz�m2j _ \He u []\ 1, 0 mm

S2\YVRQk�MUEP m2nYViqBO�P S|o�Si[�l#SZViUEP SgU�S<X�ehP S2UWV4l�P V(SHP�\�S2U�°�jiV§P []\HQkjMU�XHy�V
F1
X _ yf�P S�SYPW\He�S2}2U�X2m2nYVRS�O>SkyE[hUcl!XHV§P []\

u = 1, 0 mm
q��èPWU�fCfhX�Q(�1Uv[2ÕLb u S2UvQNVRxMU:jkV _ \�fCf�P S
P fhS2\YV§P QTm2n�S¸)¬>Xd\He2Q u S2UvQTm2nMP S2} _ \HeºX _ y�e�S2}2U�X�m2nYV � QR[�P Q'VCf�P S-U�SiQ _ b V§P S2U�S2\�fhS�®>U�XYy�V F2

e�U�À�­<S�U(Xdb Q
F1
q%¸ _ U¦�Sk¬>S2UWV _ \HeK¬�PWU�f�fhS2U#PW\h\�S�U�SÁS2\�S2UveMSkVZP QRm2n�S�¸ _ QNVTXh\�f � ¬>S2b m2n�S2U(QZP m�n�X _ QgfhS2l �1Uv[df _ jkV u [�\

®>U�XYy�VÁl!Xdba�KSie > ���/?
S�U�ehPW}YV � zh}�S�U(fhX�QCeMSiQTXhl
VRSK¦�X _ VTSHPWb�X _ QReMSk¬>S2UWVTSkViq�¦�SHP%fhS2l Qi��xYVTS�U�S�\¦�Sk¬>S2UWV _ \HeMQijZ[]\ ^ S2�YV�¬�PWU�f�fhS2U ` S2\MP e�S6± _ S2UvQTm2nh\MP VNV
yªX u [dUEP Q§P S2UWV � ¬>S2b m2n�S�U�f�P S�e]UvÀ]­ZVTS�`a\�S2UvedP SkrQ _ lCl!S�S2U ^ P S2b Viq L SKnHÀ�n�S2U!f�P SK`a\�S2UvehP S�P QNV ��_ l�QR[¿e]UvÀ�­<S2U4P QNV¡f�P S¢¯�VTSYP Õ�e]jkSHP V � ¬>S2b m2n�S-fhS2U© z�m2jkyªS<fhS�U _ \He¡S2\YVReMSie�S�\Y¬(PWUcjkV<qO�P SiQRSÁ°�\h\�Xhnhl#Sg¬�PWU�fKXh\ u P S2U _ \YVRS2UvQTm2nMP S<f.b P m2n�S2\¢± _ S2UvQTm2nh\MP V'VTS2\ÁX _ yEeMS ^ SYP e2V _ \�f�S2\YVRQi�2U�Skr
m2n�S�\�f¡fhS2U�X _ QRe�S�U�Sim2nh\�SkVTS�\�`a\�S2UvedP SC}�Sk¬>S�UvVRSkV<qas�\Cf�P S|�1Uv[�Õ�b S!QZPW\�f _ \YVTS2UvQTm�nMP S<f.b P m�n�S�Ð&S2UvQNVTSYP ry _ \HeMQRQZP m2jkS2\�SYPW\He�S2}2U�X2m2nYV1¬&[dU�fhS2\ �]_ l f�P S © z�m2jkyªS<fhS�U _ \He ^2_ l4P�\MPWl�P S2U�S2\dq�w.zhUafhS2\(Ð&S�U�e�b SHP m�n¬ _ U�fhS2\ u [�\ u P S2U _ \YVTS2UvQTm�nMP S<f.b P m�n�S2\C�BrZ�1Uv[2ÕLb S�\ u PWUWV _ S2b b2¸BP S2n�Xh\hb X�eMS2\
X _ yEe�S�}�X _ V �._ l f�P S4`aUWreMS2}h\MP QRQTS4fhS�U&o�Si[�l#SZViUEP S2}MSk¬>S2UWV _ \HeÁl�P V�fhS2\6`aUve�S�}h\MP QRQTS2\�X _ Q�fhS2l8¸1P S2n�S2\CXh} ^2_ e�b SHP m2n�S�\dqO�P S
�1Uv[2ÕLb S�QZP�\�f#Q�JhlCl!SkViUEP QTm�n
X _ y�e�S2}�X _ V<qhs�\(°�}h}MPWb f _ \HeC�.q �#Q§PW\�f�f�P S�SHPW\He�S�}MU�X2m�nYVTS2\�Ð&S2UvQNVTSYP r
y _ \HeMQRQZP m2jkS2\CfhXMUve�SiQ'VTS2b b V<q)O�P S!¯.m2nh\MP V'VTS�QZPW\�f�S2\YVRQk�MU�S<m2n�S2\�f�fhS2l«`aUve�S2}h\MP Q�fhS2U © z�m2jkyªS<fhS2U _ \HeeMSi[hU�f.\�SZV<q&{C[dfhS2b b]�¢P QNV
fhXHQ!° _ QReMXd\He2Qi�MUv[2ÕLb � }MSHP�{C[dfhS2b bL�|QZPW\�fÁf.U�SYP)Ð&S�U�Q'VTSHP y _ \HeMQRQ§P m2jkS2\ ` S¯]SHP VTS�PWl ¦�S2U�SHP m2n
fhSkQ�`.PW\hb X _ yNU�X2f�P _ QBSYPW\He�S2}2U�X2m2nYV�¬&[hU�fhS2\ p QZP S2n�S>°�}h}MPWb f _ \HeC�.q �dtiqd¦�SHP]{C[dfhS2b b
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°�}h}MPWb f _ \HeC�.q �]qv¥B�BrZ�1Uv[2ÕLb S¡l�P V u S2UvQNVRSHP yªS�\�fhS2\�¯aP m2jkS2\

�6b x _ y�V�f�P SiQTS#¯)P m2jkS#PWl«¦�S2U�SHP m2n|fhS2Ua�KXh\�f¢\�X�m2n _ \YVRS2\gnMPW\�X _ Q<qL¦�SHPL{|[dfhS2b bh�¡S�UvVkU�S<m2jiV�QZP m�nf�P SkQTS6¯aP m2jkS¢zh}MS2U�f�P S-jZ[]lC�hb SkV'VTS��KXh\�f _ \�f�¬�PWU�fKPWl ¦L[dfhS2\-X _ y
f�P Sg° _ QRe�Xh\HeMQReMSi[]l!SkVkUEP S
^�_ U:z�m�j<e�SZyNzhnhUWV<qK°(b b S�PW\¡°�}h}MPWb f _ \He��]q �ÁfhXMUve�SiQ'VTS2b b VTS2\¢�1Uv[2ÕLb SCQZPW\�f 400 mm

b Xd\He]q1¦�SHPafhS2\

°(}h}MP�b f _ \HeC�.q �]qW¥.�-�1Uv[2ÕLb S¡l�P V _ \YVRS2UvQTm2nMP Sif.b P m2n�S2\
Ð&S2UvQNVRSHP y _ \He�S2\
Ð&XMUEP Xh\YVTS�\�{C[dfº� � � _ \�fÁ�g¬>SHP QTS�\�f�P SCSHPW\HeMS2}MU�X�m2nYVTS�\�Ð&S�U�Q'VTSHP y _ \HeMQRQ§P m2jkS2\¡SHPW\�S2l×°(}HQ'VTXh\�f
u [�\ 100 mm ^2_ l © Xh\�f � Xdb Q(X _ m2n ^2_ U�\�x2m�nHQNVTS2\�¯)P m2jkS4X _ yNq1O�P S¡�BU�[�ÕLb S6n�Xh}MS2\|SHPW\�Sg��À�n�Su [�\ 84, 3 mm

qaO>S2U%w]b Xd\HQRm2n|P Q'V
U�S2b XHV§P u#^�_ UB¸1P S2nhUEP m2nYV _ \He _ l 6 ¬ e�SkÀ2¨%\�SkViqaO�S�UL¯aP m�jiS�\�U _ S2UWrQTm�nh\MP VNV(P QNV
P�\4°�}h}MPWb f _ \HeC�.q �-}MSiQTm2nhUEP S2}MS2\dqO�P S¡PW\HQ¡�BU�[�ÕLbLSHPW\HeMS2}MU�X�m2nYVTS2\g¯aP m�jiS�\-\�X�m2n�°�}h}MPWb f _ \HeC�.q �K}MS ^ P S2n�S2\�Q§P m2n6X _ y�f�P S�e�Sk[]l!Skr
VkUªP QTm2n�S�{gP VNVTS�b QTm2nMP m�nYV�zh}MS2U�f�P S�¦�X _ VRSHPWb f�P m�jiS2q%¦BSYP%fhS�U�e�SZ¬>xdnhb VRS2\K{�XYVTS�UªP Xdb Q'VTxMUcjkS u []\ 1, 0

mm
S2UvedPW}YV&QZP m2n
QNVTS2lC�MS2b QTSYP VZP e�SHPW\4o%Sk[]l!SkViUEP S u S2Ucb X _ y%l�P V%SHPW\�S2l ½�¨LQTSZV u []\ 0, 55 mm

\�X�m2n
[�}�S2\ _ \�f�l#XYViUEP ^ S2\HQTSHP VZP e¡SHPW\g½�¨LQTSZV u []\ 0, 55 mm

\�X�m2n _ \YVRS2\dq�¦BSYPaSYPW\�S2U�{�XYVTS2UEP Xhb QNVRxMUcjiS
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°�}h}MPWb f _ \HeC�]q ��qW¥)¯.m�nh\MP VNV�f _ U�m2n¡PW\���rk�BU�[�ÕLbdSHPW\HeMS2}MU�X�m2nYVTS�¯)P m2jkS
u [�\ 1, 0 mm

¬(P�U�fº}�SHPLfhS2U(`aU ^ S _ e _ \He�fhS2U>~�P Sky ^ P S2nY¬>S�U:j ^ S _ eMS6PW\HQReMSiQTXhl(V4SHPW\�½�¨LQRSkVTfhS2b VTX
u [�\ 0, 1 mm

X _ yEe�S�}MU�X2m�nYVO�P S�Ó2X�eMS2U _ \He�fhS2U��BU�[�ÕLb S�QR[Y¬&[]nhbLyNzhU�f�P S�¯�VRSHP Õ�e]jkSHP VNQ _ \YVTS�U�Q _ m2n _ \He-Xhb QCX _ m2n6yNzhU�f�P S�¦�SkrU�S<m2nh\ _ \He|fhS2U © z�m2jiyES<fhS2U _ \He�P QNV�PW\!°�}h}MPWb f _ \HeC�.q �|fhXMU�eMSiQNVRS2b b Viq�¯aP S#P QNV�Xd\�Xhb [Me|fhS2U�ÓMXHe�S2U _ \HePW\!fhS2U1{|S2­2b S2nhU�S u [dUveMS2\H[]lCl!S2\
¬&[dU�fhS2\dq]`dQ&¬ _ U�fhS2\ ` S4ÓMXHe�S2U _ \He2QR[hUvV>f.U�SHPd� _ \hjiVRS�e�SkyESiQRQTS�b V �¬>XHQ
X _ Q�Q§PWl _ b XHV§P []\HQ'VTS<m2nh\MP QTm2n�S2\4o�U:zh\�fhS�\ u [dUveMS2\H[]lCl!S2\|¬(PWU�f)q

°�}h}MPWb f _ \HeC�]q ��qW¥1Ó2X�eMS2U _ \He�fhS2U��BrZ�1Uv[2ÕLb S

`dQ!¬>S�U�fhS�\ ^ ¬>SHP _ \YVRS2UvQTm2nMP Sif.b P m2n�S¡Ó2XHQNVNyExdb b S _ \YVRS2UvQ _ m2nYViq1s�lGÓ2X�QNV'yªXhb bL�C¬>S2U�fhS2\6¸)¬>Xd\He2Q u S2UWrQTm�nMP S2} _ \He�S�\�X _ y#fhXHQ-�BU�[�ÕLb>PWlØ¦�S2U�SHP m2n�fhS2UCw]b Xd\HQRm2n�S¢SYPW\He�S2b SHP VTSZV<q�s�l Ó2X�Q'VNyªXhb b1��¬>S�U�fhS�\Ð&S�U�f.U�S2n _ \HeMS2\¢X _ y�fhS2\�w.b Xh\HQTm2nÁSYPW\He�S2b SHP VTSZV<q%O�P S © P m2nYV _ \He¢fhS2U�SHPW\Y¬�PWUcjiS�\�fhS2\6¸)¬>Xd\He2Q u S2UWrf.U�S2n _ \He _ \�f+¸)¬>Xd\He2Q u S2UvQTm2nMP S�} _ \HeèP QNV¡fhS2U�XMUWV¡eMSk¬>xhnhb V � fhXh­ © z�m2jiyES<fhS2U _ \HeMQ u S�U�QRm2nMP S2} _ \He
_ \�f6¸)¬>Xd\He2Q u S2UvQTm2nMP S2} _ \HeÁPW\Cf�P SiQTS2b }MS © P m�nYV _ \He ^ SHP eMS2\dq
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¦�SHPhf�P SiQTS�U%{|SkVinH[dfhS#P QNV>SiQ
\MP m2nYV u [�\g¦�S<fhS _ V _ \He � PW\!¬>S�b m2n�S © P m2nYV _ \HeCf�P S�X _ y ^2_ }2UªP�\He�S2\�fhS2\
¸)¬>Xd\He2Qi}MS<f�PW\He _ \HeMS2\¡¬�PWUcjkS2\dq�w.zhU>f�P SC° _ QN¬>S�UvV _ \HeÁ¬�PWU�f�fhS2U>PW\h\�S2U�S�S�\�S2Uve�SkV§P QTm2n�S¡¸ _ QNVRXd\�ff _ U�m2ngSHPW\�S2\¢b PW\�S<XMUWr'S2b XHQNVZP QTm2n�S2\6w)`�{4r'¯][]b u S2U>X _ QNe�S2U�S<m2nh\�SZV<q%O�P SiQTS�U�P QNV|\�X2m�nÁo�b SHP m�n _ \He¡��q �p Q<q�¯.SHP VRS#�2�ht u [�\�fhS�U © P m2nYV _ \He�fhS2U�X _ y�e�S2}2U�X�m2nYVRS2\-¸a¬>Xh\HeMQ u S�U�QRm2nMP S2} _ \HeMS2\ _ \�Xh}hn�xh\HedP e]qO>Xh}�SHPBP QNV
Ð%[hU�X _ QRQRSkV ^�_ \He � fhXd­�Xhb b S�¸a¬>Xh\HeMQi}MS<f�PW\He _ \He�S2\6PW\6f�P S|e]b SYP m2n�S © P m2nYV _ \He�¬�PWUcjkS2\dqO�P SiQRSiQ�¬(P�U�f�fhX�f _ U�m2n4eMSk¬>xdnhUcb SYP QNVTSZV � fhXd­#SHPW\�S!SHPW\hn�SHP Vib P m�n�SCÒ1[dUcl!Xhb S2\�X _ QiUEP m2nYV _ \HegPW\CfhS�U ^�_
_ \YVRS2UvQ _ m2n�S2\�fhS2\g¦BX _ VTSYPWb e�Sk[]l!SkViUEP S u [dUcb P Sie2Viq

KU = R
p �]q��Ht

O�P S�¦�Sk¬>Sie _ \HeMQRe�b SHP m2n _ \He¿P QNV|X _ y!¯.SHP VTS��2�¿PW\�o�b SHP m�n _ \He¡��q �+}MSiQTm2nhUEP S2}MS2\dq�O>XºPW\-f�P SiQRS2l
w2Xdb bLSHPW\�S-b P�\�S<XMU�S2b XHQNVZP QRm2n�S�¦�S2U�S<m2nh\ _ \He�f _ U�m2nHe�SZyNzhnhUWV�¬�PWU�f � jZ[]lCl(Vg\ _ U�SHPW\¢~LSHPWbLfhS2U#¦�Skr¬>Sie _ \HeMQRe�b SHP m�n _ \He ^�_ lG`.PW\HQTXYV ^ p f�P S�o�b SHP m2n _ \Heg�.q�� ^ SHP e2V!f�P S�¦�Sk¬>Sie _ \He2QRe]b SHP m2n _ \He _ \YVRS2U�KSie�yªXhb b2fhS2Ua~LS2Ucl!S � f�P S(f�P S4{|XHQRQTS2\Yr _ \�f�w2S<fhS2U _ \HeMQRfhxdlC�Yy _ \He2Qil!XHVkUEP ¹¡}MSiQTm�nhU�SYPW}�S�\2tiq2�ÂP�U�fPW\4fhS2U&Ò%Sk¬>VR[�\Yrk` _ b S�U�QRm2n�S2\�¦�Sk¬>Sie _ \HeMQRe�b SHP m�n _ \He U

\�Sie�XYVZP u p o�b SHP m�n _ \He¡��q ��t � QN[¢U�SiQ _ b V§P S2UWVfhXMU�X _ Q�SHPW\g\�Ske�XYVZP u S2U>®>U�XYy�V u S2jiVN[hU R q�O�P S�`a\�S2UvedP S|}�S2U�S<m�nh\�SkV�QZP m2n�l�P V PUi ·Ri
q]¯)PW\�f

U_ \�f R
\�Sie�XYVZP ud� QN[�n�S2}YV�Q§P m2n|fhXHQ�Ð%[hU ^ SHP m2n�S�\¡X _ yRqs�\|°�}h}MPWb f _ \HeC�.q égQZPW\�f�f�P S|}MSHP fhS2\ _ \YVRS2UvQ _ m2nYVTS�\�¦�S2b XHQNV _ \HeMS2\|fhXMUve�SiQNVRS2b b Viq

°�}h}MPWb f _ \He|�]q é]qW¥�Ó2X�QNV'yªXhb b.�FB8�gfhS2U��1Uv[2ÕLb S
s�l8Ó2XHQNVNyEXdb b<�!¬�PWU�f|f�P S�Ð&S2U�f.U�S2n _ \He4f _ U�m2n ^ ¬>SHP�Ð&S2UvQTm2nMP S2} _ \He�S2\ � ¬>S2b m2n�S
PW\ _ \YVRS2UvQTm2nMP S<f.b P m2n�S© P m�nYV _ \He�S�\�¬(P�U:jkS2\ � X _ yEeMS2}MU�X�m2nYV<qO�P S�`aUve�S�}h\MP QRQTS�PWl«`.PW\ ^ S2b \�S2\4Q§PW\�fÁPW\4yE[�b e�S�\�fhS2U�~LXh}�S�b b S#X _ yEeMS2b P Q'VTSkVi¥
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Ó2X�Q'VNyªXhb b)�#Ð&S2UvQTm2nMP S�} _ \He`a\�S2UvedP S
[mJ ]

{C[df6� {C[df�� {|[df6� {|[df6�
¦�S2b XHQNV _ \He¢b PW\hjkS!¯.SHP VRS 398, 796 461, 174 578, 914 593, 098¦�S2b XHQNV _ \He¢U�S<m2nYVRS4¯.SHP VRS 398, 822 461, 257 578, 910 593, 158¦�SHP f�QRSHP VZP e�S¡¦�S2b XHQNV _ \He 755, 676 867, 510 1100, 33 1105, 96

Ó2X�Q'VNyªXhb bd�|Ð&S2U�f.U�S2n _ \He
`a\�S2UvedP S

[mJ ]
{C[df6� {C[df�� {|[df6� {|[df6�

¦�S2b XHQNV _ \He¢b PW\hjkS!¯.SHP VRS 9054, 32 9608, 79 10503, 0 10836, 6¦�S2b XHQNV _ \He¢U�S<m2nYVRS4¯.SHP VRS 9053, 83 9609, 55 10500, 6 10836, 8¦�SHP f�QRSHP VZP e�S¡¦�S2b XHQNV _ \He 18287, 2 19590, 5 21299, 4 21820, 3

O�P S+¦�S2b XHQNV _ \HeMS2\ºQZPW\�fÂX _ y|fhS�\Ñb P�\hjiS�\ _ \�fÑfhS2\èU�S<m2nYVRS2\ w]b Xd\HQRm2nºe�SkVkU�S�\h\YVÁX _ y�e�S2}2U�X�m2nYV¬&[hU�fhS2\ �%_ lÖf�P S|¯9JhlCl!SkViUEP S<SYP e�S2\HQRm2n�XHy�VTS2\�fhS2U>¯9JHQNVRS2l!S _ \YVTS�U(¦BSZ¬>SHP Q ^�_ QNVTS�b b S2\dq�O�P S�}MSkrU�S<m2nh\�SZVTS2\¢`a\�S2UvedP S2\�QNVRSHP e�S�\¢l�P V(fhS�U�Ò _ lCl!S2U&fhS2U1e�Sk¬>xhnhb VRS2\�{C[dfhS2b b u XMUªP Xd\YVRS2\Á{|[dfÁ� � � �� _ \�f���PW\g}MSHP fhS2\6¦�S2b XHQNV _ \HeMQNyExdb b S2\CXh\ p QZP S2n�S#°�}h}MPWb f _ \He|�]q � _ \�fg�.q��Y�Mtiq

°(}h}MP�b f _ \HeC�.q �]qW¥1`aUve�S�}h\MP QRQTS�Ó2X�QNV'yªXhb b.� p Ð&S2UvQTm2nMP S�} _ \Hehti¥L`a\�S2UvedP S�{C[df6� � � � � _ \�f��

O _ U�m2n�f�P S�w)`�{4rk¦�S2U�S<m�nh\ _ \HeÂl�P VÁ\H[hU:l�P S�UvVRS2\�¸)¬>Xh\HeMQ u S2UvQTm�nMP S2} _ \He�S�\+jiXh\h\�SYPW\�SÁ°�}HQNV _ ry _ \He�fhSiQ u S2\�S2UveMSkVZP QRm2n�S2\4�ÂP fhS2UvQNVTXh\�f�Q�v!fhS2U>�1Uv[2ÕLb S#yESiQNVReMSiQNVRS2b b V�¬>S2U�fhS2\dqBs�lÖ\�X2m�nYyE[]b e�S2\�fhS2\
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°�}h}MPWb f _ \He|�]q��Y�]qW¥�`aUve�S�}h\MP QRQTSgÓ2X�Q'VNyªXhb b�� p Ð&S2U�f.U�S2n _ \Hehti¥�`a\�S2UvedP S¡{|[df6� � � � � _ \�fg�

®1Xd�MP VRS2b�¬�PWU�f�fhX�Q4`aUve�S�}h\MP Q�fhSiQ © z�m2jkyªS<fhS�U _ \He2Q u S2Ucn�Xhb VTS2\HQ!l4P V�fhS2\�S2\4V§P Sky�e�S ^ [Me�S�\�S2U��1Uv[�Õ�b S
u S2Uve�b P m2n�S2\dq

�lx�w)xWw)x » ³�µiÈ Ç ³ ~ªÅ�Æ&� ³�� ²�� Å�� ´Y³ � ³�µ �}� È��9À�³�µ Æ ¶ Ç ·d³ � �¼È(³���Ê(È(³ � ³�µ
� Äa­ µ<Ê «�Ç À�¶�µ ~ ¶ � ·d³ �

O>S2U]°�}He]b SHP m2nCl4P V�`aUve�S2}h\MP QNQTS2\!fhS2U.V§P Sky�e�S ^ [Me�S�\�S2\¡��rZ�1Uv[2ÕLb rcÐ&XMUEP Xh\YVTS2\(S�Uvy�[]b e�V&X _ y&¦BXHQZP Q u [�\�>l
y�[hU:l
QZP�l _ b XHV§P []\�S2\dq2w.zhU ` SifhS#{C[dfhS2b b u XMUEP Xh\YVTS1¬ _ U�fhS�SHP�\�S u P�UvV _ S2b b S&¸BP S2n�Xh\hb XHe�S%X _ yEeMS2}�X _ ViqO>Xh}�SHPa¬(PWU�f¿l�P V4SYPW\�S2lA¦&b S<m2nhn�Xhb VTS2U _ \�f�¸BP S2nhb SHP QNVRS2\�l�P V4SYPW\�S2U�¯�VTXh\�fhXMU�f.Ucz�m2jMn�Xhb V _ \He u [�\
100 N/mm

e�S2U�S<m2nh\�SZV<q�O�P S u S2UvQNVRSHP yªS�\�fhS2\�¯aP m2jkS2\¢Xd\�Xhb [MeºfhS2U�Ð&XMUEP Xd\YVRS2\�{|[dfè� � � _ \�f
��¬>S2U�fhS2\-e�S ^ [Me�S�\dq�Ò%X2m�n�fhS2lG¸1P S2n�S2\-S2UWyE[]b e2V�fhS2U�¦�SiQRm2nh\MP VNViq�O>Xh\�X2m2n6¬�PWU�fKf�P S © z�m�jiyªSZrfhS2U _ \He�}MS2U�S<m2nh\�SkV � ¬&[�}�SHP)f�P SgÓ2XHe�S2U _ \HegyNzhU%f�P S © z�m2jiyES<fhS2U _ \HeMQk}�S2U�S<m�nh\ _ \He�Xd\�Xhb [2e ^2_ fhS2UÓ2X�eMS2U _ \HeºfhS2U4¦�X _ VRSHPWb eMSi[]l!SkVkUEP S2}MS2U�S<m2nh\ _ \He u [hUve�S2\H[�lCl#S�\-¬ _ U�fhS2q%°(b QC�KS2UcjiQNVR[�¨¼¬ _ U�fhSSHP�\g�¾3��2�M�]Ó�°(O }MS2\ _ V ^ V<q.¦BSZ¬ _ ­ZV(P QNV�SHPW\¡nHÀ�n�S2UW¬>S2UWVZP eMS2U�¯�VRXdnhb2X _ QRe�SZ¬>xdnhb V&¬&[hU�fhS2\ �)_ l5f�P S© z�m2jkyªS<fhS�U _ \HeÁl
ÀMe]b P m2nHQNV!nH[dm2n�X _ QNyEXdb b S2\ ^�_ b X�QRQRS2\dq
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O�P S�`aUve�S2}h\MP QNQTS�fhS2U © z�m2jkyªS<fhS2U _ \He�X _ Q�fhS2\|¸BP S2n�Xh\hb X�eMS2\�Q§PW\�f6PW\CfhS�U%\�X2m2nYy�[]b eMS2\�fhS2\C~LXYr
}MS2b b S#fhXMU�eMSiQNVRS2b b Vi¥

{C[df�� {C[df�� {C[df6� {C[dfÁ�
γmin [mm] −0, 17 −0, 17 −0, 32 −0, 39

γmax [mm] +3, 27 +2, 52 +2, 09 +0, 79O�P ¨�S2U�S2\ ^
max−min [mm] 3, 44 2, 69 2, 41 1, 18

γ� [mm] 1, 17 0, 96 0, 71 0, 24

¸ _ U(° _ QN¬>S2UWV _ \He�fhS2U © z�m2jiyES<fhS2U _ \He�¬>S2U�fhS2\+`�¹HViU�S2l!Xhb ¬>S2UWVTS¢X _ Q¡fhS2UCO�P ¨�S2U�S2\ ^Á^ ¬�P QTm2n�S�\
{¡PW\MPWl _ l _ \�f�{�X<¹�PWl _ lÔ}MSkVkU�X�m2nYVRSkV<q�O�P S#QZP m�ngSHP�\HQNVTS2b b S2\�fhS2\�`aUve�S�}h\MP QRQTSg\�S2nhl!S2\ � ¬(P S|PWl
u [hUcn�S2UEP e�S�\Ñ®1Xd�MP VTS2b��MUv[Me�\H[MQNV§P ^ P S�UvV�¬&[hU�fhS�\�P QNV � Xh}dq(`L}MS2\HQR[Ñ\MPWlCl
V¡f�P S6Ã.x�m2n�S2\h\H[hUcl�P S2UWVTS© z�m2jkyªS<fhS�U _ \He γ� � ¬>S2b m�n�S�PWl °�}HQTm2nh\MP V'V��.q ��q �ºX _ y�¯]SHP VTS����+}�SkQTm2nhUEP S2}MS2\-¬�PWU�f � Xh}dq�O>X�Q© z�m2jkyªS<fhS�U _ \He2Q u S2Ucn�Xhb VTS2\#jk[�\h\YVTS�f _ U�m�n
fhX�Q�`.PW\h}2UEPW\He�S2\ u S2UvQNVTSYP yªS2\�fhS�U)¯)P m2jkS2\ u [�\ 1, 17 mmX _ y 0, 24 mm

U�S<f _H^ P S2UWV�¬>S2U�fhS2\dqdO�P SiQ�S2\YVNQi�MUEP m�nYV�SHP�\�S2Ud°�}h\�Xdnhl!S _ l 79, 5 %
}MSHPWlÂ~�P Sky ^ P Skr

n�S2\ ^ ¬�P QTm�n�S2\g{C[df|� _ \�f6{C[df���q)O�P S#�MUv[2e]\H[MQ'VZP ^ P S2UWVTS�Ð&S2U�xh\�fhS2U _ \HeCfhS2U © z�m�jiyªSifhS2U _ \HeCX _ y¦�XHQZP Q�fhS�U%¦�X _ VRSHPWb eMSi[]l!SkVkUªP S _ \YVTS2UvQ _ m�n _ \He�b P Ske2V�}MSHP 756
1106

= 68, 3% � ¬>XHQ�SHPW\�S2U © Sif _H^ P S2U _ \Heu [�\ 31, 7 M S2\YVRQi�2UEP m2nYV<qhO�P S!O�P ¨�S2U�S2\ ^ }MSHP�fhS�U © z�m2jkyªS<fhS�U _ \He2Q u S2UcUEPW\He�S�U _ \HeCP QNV�U�S2b XHV§P u nH[dm2n �¬&[�}�SHP�f�P S!¦�S _ UWVTSYPWb _ \He
fhS2U]¯�VRSHP Õ�e]jkSHP VNQ u S2Ucn�xhb Vi\MP QNQTS�SYPW\�S�X _ QRQTm2nhb P S2­�b P m2n�U _ Xdb P VTXYVZP u S({|SkVinH[dfhSfhXMUvQNVRS2b b ViqY¯aP S�b P SZyªS2UWV1~%U�S2\�fhS�U�eMS2}h\MP QRQRS � ¬>S2b m2n�S�PW\�f�P SiQTS2l ¦�SHP Qk�MP S2bH}�SkQNVTxYVZP e�VB¬>S�U�fhS�\�jZ[]\h\YVTS�\dq

��g0ë#g�� �N�¢�6�º¤��'�6���-¤�����D4�-���-¤6�
nñSÁ�HQ¡k]�ùm��¢�B£�¤6������§�r���î �N�Á�1£�¤6� ��£Hk �8�6�!�'�J�Á�i¤6�¢�
� �N�¢�6�º¤��'�6���

�lx��)x"y+x ��� Ç ¶ � ´ � ³�µ ­ µiÊ���³¹| � ³%·h·d³{� � µ�® ê�· ~V� ~ ³�µ �}� È¾³ ~V� ³�µ
� ~ ³ Æ ¶ �#Ç ¶�È(³

O>S2lÖ°�}hb X _ y#\�X�m2n6°�}h}MPWb f _ \HeC�.q��6X _ y(¯.SYP VTS
���¢y�[]b eMS2\�f � ¬�PWU�f�\�X�m2n�wMSkQNVib Ske _ \He�fhS�U!¦�X _ r
VRSHPWb eMSi[]l!SkVkUªP S�SHPW\�S�¸BP S2n�Xh\hb XHe�S�S2\YVc¬�P m2jkS2b Viq�w.zhU#f�P SiQTS�¸BP S2n�Xh\hb XHe�S¢¬>S2U�fhS2\Kf�P S�[��YVZPWl!Xhb S2\
�èPWUcjiÃ]x2m�n�S2\He�Si[�l!SkViUEP S2\¡}�S2U�S<m�nh\�SkV � ¬&[�}�SHP�f�P S��1Uv[ ^ S2­���XMU�Xdl!SkVRS2U�fhS�U�¦%b Sim2nhn�Xdb VTS2UcjMU�XYy�V > �M�/?
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fhS2U)¯aPWl _ b XYVZP []\ � Xhb Q>X _ m2n�PW\!fhS2U1�1U�XY¹�P Q�SYPW\YyªX�m2n ^2_
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e�b SHP m2n ^ SHP V§P e�eMSiQNVRXMUvVRSkV�¬&[hU�fhS2\ � ¬&[]}MSHP.f�P S!°�\ ^ XdnhbdfhS�U�s VTS�U�XYVZP []\HQRQTm�nhb SHP yES2\ u XMUEP P S2U�S2\gjZ[�\h\YVTSMqO _ U�m2n�fhS�\Á½4�YV§PWl�P S2U _ \HeMQRXdb e2[hUªP Vinhl _ Q�¬(P�U�f¢SHPW\�SC[]�YV§PWl!Xdb S6`.PW\HQNVRS2b b _ \He�fhS�U�¸1P S�nh��XMU�Xhl!SkVTS�U}MS2U�S<m2nh\�SkViqLÒ%X2m�n > �/� � �@?�P QNV�f _ U�m2nCf�P SC`aUcnHÀ]n _ \He u []\|¯�VkU�S<m2j ^ P S2n�Xh\YVTSHP�b S2\!SHPW\�SC}�SiQNQTS2U�S#°�}Yry�[dUcl
e�S�\�X _ ehP e]jkSHP V � Xhb QR[
SHPW\�S�Ð&S�U:UEPW\HeMS2U _ \He�l!Xd­�b P m2n�S�U�°�}i¬>SHP m2n _ \He�S2\ �Z^2_ S2U ^ P S�b S2\dqMÒ�X2m2n > éMé/?P Q'VCfhX�QCX _ QRQTm�nhb X�e2e�S2}MS2\�fhS�{|Xh­¡yNzhU�f�P S6o�UvÀ]­iS6fhS2U>yE[hUcl#xh\�fhS2U _ \HeMQk}�S<f�P�\He2VTS�\�°�}i¬>SHP m�n _ \Yr
eMS2\�fhS2U�°(\YVRSHPWb�fhS2UBS2b XHQNVZP QRm2n�S2\�O>S2nh\ _ \He�Xd\4fhS2U�o%SkQTXdl(VRfhS2nh\ _ \He.qLs�l ®L[�\ ^ S2�YV�fhS2U�°(Uc}MSHP V¬�PWU�f�f�P Sg½��YVZPWl�P S�U _ \He2QRQR[�y�Vc¬>XMU�SgfhX�QC¯)PWl _ b XYVZP [�\HQi�MUv[Me�U�XdlCl QNVRS _ S2Uc\ �&_ l SHP�\�`aU�eMS2}h\MP Q ^�_}MS2U�S<m2nh\�S2\ � ¬>S2b m�n�SiQ#\�X�m2n|fhS2U © z�m2jiyES<fhS2U _ \He¢}MSiQNVkl!À2e]b P m2n|fhS2UB¯][�b b e�Sk[]l!SkViUEP S#S2\YVRQi�2UEP m2nYV<q

�lx��)xWw)x �-³%É¿³�µi· ��� È À>Ê � ²�� Å�� ´Y³ � ³�µ ��� È
�>l×f�P S¡`aU�eMS2}h\MP Q
U _ Xhb P VRxHV>fhS�U�{|S2­Z¬>S2UWVTS ^�_4u S2Uc}�SiQNQTS2Uc\ � ¬�PWU�f�SHPW\C¯L��Xd\h\hjZ[�\ ^ S2�YV ^2_ U�Ó2X�eMSkrU _ \He�PW\�fhS2U�{�S2­�b S2nhU�S|S2UvQNVTS�b b V > éd�@?'q>O�P S�¦�X _ VTSHPWb S4¬>S�U�fhS�\6Xd\ u [hU�eMSie�S�}�S2\�S�\ � P�lG�1Uv[2VN[]jZ[]b b
u S2Ucl!S2UcjiVRS2\Á� _ \hjiVRS2\ u S2Ucl!SiQRQRS2\dq
O�P S¢{|[df�P ÕLjkXYVZP [�\gSHP�\�S2U�¸1P S2n�Xd\hb X�eMS�n�XYV _ \YVTS2UvQTm2nMP S<f.b P m2n�S4° _ QN¬�PWUcj _ \HeMS2\dq%`.PW\MP e�S6¦�S2U�SHP m2n�S
u S2Uc}MSiQRQTS�U:\ºQZP m2n � ¬>xhnhU�S�\�f¿Xd\�fhS�U�S�¦�S2U�SHP m2n�SÁQZP m2n�X _ m�n u S2UvQTm2nhb S<m2nYVTS�U:\�jkÀ�\h\�S2\dq�O�P S6° _ QNr¬>S2UWV _ \HeèfhS2U¡l!Xh­2b P m2n�S2\�°�}i¬>SHP m2n _ \He�S2\�¬�PWU�f \�X�m2nKfhS2U¡O _ U�m2nYy'zhnhU _ \He+SHPW\�S2U�¯aPWl _ b XYVZP []\X _ VR[�l#XYVZP QZP S2UWV(e�SkQNVTXMUWVTSZV<q%O>Xd}MSHP]¬�PWU�f-fhS2U%[hUWVinH[2eM[�\�Xdb S|°�}HQNVTXh\�f ^ ¬>SHP S2U�o�Si[�l!SkViUEP S2\�Xd\ ` SkrfhS2U1¯�VRS2b b SC}�SkQNVZPWlCl(V _ \�f�Xdb Q#wMXMUc}MfhXMU�Q'VTS2b b _ \He¡X _ QRe�Ske�S2}MS2\dq
s�\¿°�}h}MPWb f _ \He|�]q��M�KQZPW\�fèf�P S+`aU�eMS2}h\MP QRQRS ^ ¬>SHP S2U4¯aPWl _ b XYVZP [�\�S2\�fhXMUve�SkQNVTS2b b V<q!¦BSYP fhS+`LUveMS2}Yr\MP QNQTS�QNVTXhlCl!S2\ºX _ QgfhS2UvQTS2b }MS2\K¸BP S2n�Xh\hb X�eMS � Xhb b S2U�f�PW\He2Q�¬ _ U�fhS-f�P S�¯aP�l _ b XHV§P []\ºl�P V _ \YVRS2UWrQTm�nMP S<f.b P m�n�S2\#�BU�[ ^ S2­���XMU�Xdl!SkVRS2Uc\ p ¸1P S2nhb SHP Q'VTS2\hUcz�m2j2n�Xdb V _ \He _ \�f|Ò>P S<fhS2Ucn�Xhb VTS�U:j2U�XHy�V§t�eMSkyªXhnhU�S2\dqO>S2l!S2\YVNQi�MU�S<m2n�S�\�f�jZ[]lCl(V
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{|Xd­�b P m2n�S
°�}i¬>SHP m�n _ \He�S2\|¸BP S2nh��XMU�Xhl!SkVTS2UvQTXYV ^ �

{�Xh­�b P m2n�S
°(}k¬>SHP m2n _ \HeMS2\�¸BP S2nh��XMU�Xdl!SkVRS2UvQTXYV ^ �

°(}h}MP�b f _ \HeC�.q��M�Mqv¥1��\YVTS�U�QRm2nMP S<f.b P m2n�SCl!Xh­2b P m2n�S!°�}k¬>SHP m2n _ \HeMS2\

\�X�m2n6`a\YVib XHQNV _ \He¡fhS2U��KS2Ucj ^ S _ e�S4SHP�\HQNVTS2b b V<q
O�P S¡¦�Sk¬>S�UvV _ \He _ \YVTS�U�QRm2nMP S<f.b P m2n�S2U�¯aP�l _ b XHV§P []\�S2\|nMPW\HQZP m2nYVib P m2n�fhS�U1QZP m2n�SHPW\HQNVRS2b b S2\�fhS�\¡l!Xd­�b P rm2n�S�\�°�}k¬>SHP m2n _ \HeMS2\CQR[]b bdSHPW\�fhS _ V§P e|QTSHPW\ _ \�f-l _ ­ u [�b b X _ VR[]l!XYVZP QRm2nCXh}hb X _ yES2\ � ¬>X�Q�Ð%[hU�X _ QNrQTSZV ^2_ \He�y'zhU%f�P S|½��YVZPWl�P S2U _ \He2QRQR[2y�Vc¬>XMU�S�P Q'V<q�{|Xh­2b P m2n�S#°�}i¬>SHP m2n _ \He�S2\6jZÀ]\h\�S�\ _ \YVRS2UvQTm2nMP SifMrb P m2n�S�Ð%[hU ^ SHP m2n�S�\-}MSiQZP V ^ S2\dq�`.PW\¢¦�S2U�SHP m2n¢jkXd\h\�QZP m2n�e�Ske�S2\hzh}MS2U>fhS2U&¯�[]b b e�Si[�l#SZViUEP SCXd\hn�S�}�S2\[dfhS2U#X _ m2n�Xh}HQTS2\hjkS2\dq(`.PW\�S�½��YVZPWl�P S�U _ \He u [�l {|XY¹�P�l _ l _ \�f {¡PW\MPWl _ lAP�\ © P m2nYV _ \HeK�P Q'V!PW\h\�S2Ucn�Xhb }|f�P SiQTS�U1°�Uc}�SYP V�\MP m2nYV u S2UWyE[�b e2V(¬&[hU�fhS2\ � fhX�f�P SC½4�YV§PWl�P S2U _ \He ^ ¬>SHP S�U�o�U�À�­<S�\gSHP r
\�S-\MP m�nYVNViUEP u P Xdb S�o�Sk¬�P m2nYV _ \HeMQi�2U�[�}hb S2l!XYVZPWj6l�P V!QZP m2n�}MUEPW\He�V > �Y��?Nq>O�P S-wdU�XHe�SkQNVTS2b b _ \He � []}ÁSkQ
^ P S2b y'zhnhU�S�\�fhS2U�P QNV � j2b SHPW\�S(°�}i¬>SHP m�n _ \He�S2\�P�\Ce]Uv[]­iS2\¡o�S2}MP SkVRS2\ ^2_ jZ[�l|�MS2\HQZP S2U�S2\ � [dfhS2U1e�Uv[]­iS°�}i¬>SYP m2n _ \He�S�\CPW\|jMb SHPW\�S2\�o�S2}MP SkVRS2\ � [dfhS2U1�M[2QZP VZP u S
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X _ y>f�P SkQTS�w�U�XHe�S2\¢b P SkyES2UWV
f�P S © z�m2jiyES<fhS2U _ \HeMQRS2\�S2UvedP S
ρrf
� f�P S(l4P VNVTS�b Q�w.`B{ }MS2U�S<m2nh\�SkV�¬(P�U�f _ \�f
QZP m2n
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X _ y&¯.SYP VTS��M�htiq
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O�P SÁÓMSHP QNV _ \HeÁfhS2U&Ð&S2UvQTm�nMP S2} _ \HeMQRXMU:}MSHP V(y'zhU�fhXHQ�X _ yEeMSiQNVRS2b b VRS¡¯9JHQ'VTS2l P QNV!� � fhX6SHPW\¡QNVTXh}MPWb S�U
o�b SHP m2nHe�Sk¬�P m2nYVNQ ^2_ Q'VTXh\�f u [hU�X _ QRe�SiQRSkV ^ V�¬�PWU�f > �M��?Nq)`dQ>edPWb V&fhS2U%`a\�S2UvedP SiQTXYV ^ fhS2U&{|S<m2n�Xh\MPWj�yNzhUf�P QkjMU�SkVZP QZP S2UWVTS&~�U�X�e�¬>S2Ucj<Qil
[dfhS2b b S � ¬&[]}MSHP<QZP m2n(f�P S(®>U�XHy�VRe]UvÀ�­<S2\YyES2b fhS2U {P, s} l�P V&jHPW\�S2l!XHV§P QTm2njZ[]lC��XYVZPW}MS2b�fhSkyE[hUcl�P S2UWVTS2\4�KSie2e]UvÀ]­iS2\YyES2b fhS2Uc\ {V,v} PWl8o�b SHP m2nHeMSk¬(P m2nYV!}MSkÕL\�fhS2\dq > �M�/?'¥

W = W (a) +W (i) =
1

2
(PT ·V − sT · v) = 0

p �]q ��t

`dQ>P Q'V�SHP�\�°�b eM[hUEP Vknhl _ QBS2\YVc¬�P m2jkS2b Va¬&[hU�fhS2\ � ¬>S2b m2n�S�U�X _ y.f�P S!®>\H[2VRS2\(fhS2UdQZP�l _ b P S2UWVTS2\!¦�X _ VRSHPWb reMSi[]l!SkVkUªP S4SHPW\�S�¸)¬>Xh\HeMQ u S2UvQTm�nMP S2} _ \He6P�\�Ò�[hUcl#Xhb S2\hUEP m�nYV _ \He|X _ y'}MUEPW\He�V<qaÒ%X�m2n|fhS2l5° _ yN}2UªP�\Yr
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1 � b P Sie2V(Ó�PW\�S<XMUEP VRxHV u [hU � }�SYP 0 P Q'VjkSHPW\�S�°�}hn�xh\HedP e�jkSHP V ^ ¬�P QTm2n�S2\¡fhS2\Á`aUve�S2}h\MP QNQTS2\|yªSiQNV ^2_ QNVRS2b b S�\dqBÒ%X�m2n > ����? ^ SHP eMS2\¢\H[hUcl�P S2UWVTS®L[hUcU�S�b XHV§P []\HQkjk[dS0N ^ P S2\YVTS�\B±5� � �gSHPW\�SC\�Xdn�S ^2_ b PW\�SiXMU�SC®L[hU:U�S2b XHV§P []\ ^ ¬(P QRm2n�S2\6`.PW\He�Xh\HeMQ'r _ \�f°�\YVc¬&[hUvVNe]UvÀ]­iSMqBO�S�U�®L[hUcU�S�b XHV§P []\HQ'yªXhjiVR[hU&}MS2U�S<m2nh\�SkV�QZP m2n6\�X�m2n4yE[�b e�S2\�fhS�U�w�[hUcl#S�b�¥

κ = corr(x, y) =

P
(xi − x) · (yi − y)pP

(xi − x)2 ·P(yi − y)2

p �]q ��t
¦�SHPMfhS2\(eMSie�S�\hzh}�S2UveMSiQNVTS�b b VTS�\#o�UvÀ�­<S2\Cn�Xh\�fhS2b V1SiQ&QZP m2n _ lÑf�P S�PW\(°�}HQTm2nh\MP V'V��]q ��q � u [hUve�SkQNVTS2b b rVRS © z�m�jiyªSifhS2U _ \HeMQTS2\�S�U�ehP S-l�P V4fhS�U�QZP m�n-SYPW\HQNVTS�b b S2\�fhS2\-l#Xh­�b P m2n�S2\g°(}k¬>SHP m2n _ \He]q%o�U _ \�f�QTXYV ^fhS2UC¦�SkVkU�X2m2nYV _ \He�fhS2U4l!Xd­�b P m�n�S2\Á°(}k¬>SHP m2n _ \HeMS2\-X _ y�e]U _ \�f�fhS2U © z�m2jiyES<fhS2U _ \HeMQTS�\�S2UvedP S-P QNV
SHP�\�S�Ð&S2Uc}MSiQRQTS2U _ \He�}MSHPLyEXdb b S2\�fhS2U(`a\�S2UvedP SMq&O�P SiQTSiQgjZ[]\h\YVRSÁl�P V#SHPW\�S2U
®L[hUcU�S�b XHV§P []\ u []\¢��� MeMS ^ SHP e2V�¬>S2U�fhS2\dq
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O�P S�Ð%[hUWVTSHP�b S � l!Xh­2b P m2n�S�°�}i¬>SHP m2n _ \He�S2\Ál�P VNVRS2b Q(SHP�\�S2U�QTS���XMU�XYV!X _ Q ^2_ U�S<m2nh\�S2\�fhS�\ © z�m2jkyªS<fhSZrU _ \HeMQRS2\�S2UvedP S ^�_ }�Sk¬>S�UvVRS2\ � QZPW\�f-\�X�m2nYyE[�b e�S2\�f¡X _ y�e�Sky'zhnhUvVi¥

Ã O�P Sg¦BS�U�Sim2nh\ _ \HeÁfhS2U © z�m2jkyªS<fhS�U _ \He2QTS2\�S2UvehP S ρrf S2UWyE[�b e2V(y'zhU%X _ QRe�Sk¬>xhnhb VRS6¦�S2U�SHP m2n�SMq¯][]l�P V¡P QNV�f�P SK{CÀMe�b P m2nhjkSHP V4e�SieMS2}MS2\ ��_ \Y¬(P m�nYVZP eMS�¦�S2U�SHP m2n�S p ^ qW¦>q(Ò%X�m2nYy�[dUcl _ \He�S�\2tX _ Qij2b Xhl|l!S2Uc\ ^2_ jZÀ�\h\�S2\ � ¬&[df _ U�m2n4f�P S#½��YVZPWl�P S�U _ \He�l#S�nhUL°(jkVZP [�\HQNyNU�SHP�n�SHP V>S2UcU�SHP m2nYViq
Ã {�Xh­2b P m2n�S�°�}i¬>SHP m2n _ \He�S2\!QZPW\�fgl�P V>SHP�\�S2l¼Ð%[hU ^ SYP m2n�S2\�}�S2b Sie2Viq2�ÂP S(Q§P m2n#SHPW\�S!o�Sk¬(P m2nYrV _ \He ^ ¬(P QRm2n�S2\KfhS2\è}�SYP fhS2\�Ð%[hU ^ SHP m2n�S2\Ke�SiQNVRXdb VTSkV � S2\YVNQTm2n�SHP fhSkVgQZP m2nKX _ y�e]U _ \�fèfhS2U
l#Sim2n�Xd\MP QTm2n�S2\4°�\YVc¬&[hUWV(fhS2U © z�m2jiyES<fhS2U _ \HeMQRS2\�S2UvedP S � Xhb QR[�Xh\�Xhb JYVZP QRm2ndq

Ã �1U�XY¹�P QRS2UWyªXhnhU _ \HeMS2\ ^ SHP eMS2\ _ \YVTS2UvQTm2nMP S<f.b P m2n�S!`LUveMS2}h\MP QRQTS!PW\!fhS2U1`.PW\�XMUc}�SHP V _ \He.q2¯][4ehPW}YVSiQ _ \YVRS2UvQTm2nMP S<f.b P m2n�SC{�SYPW\ _ \He�S2\#fhXMUczh}�S�U � [�}4e]Uv[�­<S#°�}k¬>SHP m2n _ \HeMS2\|PW\�jMb SYPW\�S2\�¦BS�U�SYP rm2n�S2\ � [dfhS�U�jMb SYPW\�S�°�}i¬>SHP m�n _ \He�S2\gPW\|e]Uv[�­<S2\-¦�S2U�SHP m2n�S2\¡SHPW\YyEX2m�n�S2U%SHP�\ ^2_ QNVRS2b b S2\CQ§PW\�f)q
O�P Sg{�SZVinH[dfhS � l#Xh­�b P m2n�S#°�}k¬>SHP m2n _ \HeMS2\�l�P VNVRS2b Q © z�m2jkyªS<fhS�U _ \He2QTS2\�S2UvehP S ^2_ }�SZViU�X2m�nYrVTS2\ � b À2QNV(f�P SiQRS¡w�U�XHe�S4X _ y�¦�X�Q§P Q(fhS2U�{�Sim2n�Xd\MP�j�q

Ã ¦BSYPWl Ó2À2QTS2\KfhS2U!¯�VRSHP Õ�e]jkSHP VNQil!XHVkUEP ¹ ^ P S2n�S2\º¯)PW\He _ b XMUEP VRxHVRS2\¢f�P S¿{CÀMe�b P m2nhjkSHP V _ \YVRS2UWrQTm2nMP S<f.b P m2n�S2U�`LUveMS2}h\MP QRQTSÁ\�X2m2ngQZP m2n p °�\�Xhb [MehP S ^�_ l¾®�\MP m�j<QNVRXd}2tiq�s�\Áxhnh\hb P m2n�S�U1�KSHP QTS
P QNV�SiQ>l!À2e]b P m2n �M_ \YVTS�U�QRm2nMP S<f.b P m2n�S�{C[dfhXdb y�[hU:l!S2\�SHPW\�SiQ&Ucz�m2j<eMSkyªSifhS2UWVTS2\�¸1P S�nYVTSHPWb QLX _ Q ^�_ rU�Sim2nh\�S2\dq�O>S2UM°(\HQRXHV ^ fhS2U © z�m2jiyES<fhS2U _ \HeMQRS2\�S2UvedP S�}MSk¬>S2UWVTSkVBfhS2\
l!S<m2n�Xh\MP QTm2n�e]zh\HQ'VZP e2QNrVTS2\�S2\�S2UveMSkVZP QRm2n�S2\�¸ _ QNVTXh\�f)q.¯�[]l�P V�¬(PWU�f6fhXHQ�°(b VTS2Uc\MP S2U�S2\ ^ ¬(P QTm2n�S2\ ^ ¬>SHP)¸ _ QNVRxd\�fhS2\}�SHP�lÔÓ�ÀMQRS2\6l4P V�SHP�\�S2U1½4�YV§PWl�P S2U _ \HeMQRQN[2y�Vc¬>XMU�S4X _ QRe�SiQRm2nhb [MQNQTS2\dq

�lx��)xW¢)x�� � � Å�Æ�þ µk´Y³��!³ ~¡� ³�µ��-³ � µi·d³ ~'ÇV��� È�À>Ê �
²�� Å�� ´Y³ � ³�µ ��� È��E� ~�� �!Ç ¶�· ~ Ê � ³ �

¦�SHPdfhS2U%¦�Sk¬>S2UWV _ \He u []\ © z�m2jiyES<fhS2U _ \HeMQRQ§PWl _ b XHV§P []\�S�\
¬>S�U�fhS�\ _ \YVTS2UvQTm�nMP S<f.b P m�n�S
o%Sk[]l!SkViUEP S�\
SHP�\�Xd\�fhS2U&eMSie�S�\hzh}�S2U>eMSiQNVTS�b b V _ \�fº\ _ l!S2UEP QTm2n u S2Uve]b P m�n�S2\dqBo�S2\�S2U�S2b b.QNVTS2b b V!f�P S-{|SkVinH[dfhS¡fhS2Uw�P�\MP VTS2\¢`ab S2l!S2\YVRS�SHP�\�SÁÒ%xhn�S2U _ \HeÁXd\�f�P S6j2b XHQRQZP QTm�n�S6l!S<m2n�Xh\MP QTm�n�S�~�n�Si[hUEP S�fhXMU:q L SÁj2b SHPW\�S�Uf�P S4`ab S2l!S2\YV§P S2U _ \He|P Q'V � fhSkQNVR[|SZ¹2XhjiVRS2U.¬�PWU�f�f�P S
¯dViU _ jiV _ U.eMSi[]l!SkVkUEP QTm2n�Xd}HeMS2}MPWb fhSkV _ \�fCfhSiQNVR[SZ¹2XhjiVRS2U#jkXh\h\ÁfhX�Q6`aUve�S2}h\MP Qgl4P VCfhS2U�Xh\�Xhb JYVZP QRm2n�S2\�Ó�ÀMQ _ \HeKPW\�`.PW\hj2b Xh\He-e�S�}MU�X2m�nYV�¬>S2U�fhS2\dq°�b b S�U�f�P�\HeMQ�QNVRSHP e�Vgl�P V4fhS2U�¸ _ \�Xdnhl!SgfhS2U!®�\H[�VTS2\¢X _ m2n¢f�P S¡°�\ ^ XhnhbLfhS2U ^2_ b À2QTS2\�fhS2\-o�b SHP r
m2n _ \HeMS2\ _ \�f�fhS2U © _ \�f _ \HeMQ'yªS2nhb S�U>}MSHPWlÖÓ�ÀMQTS�\¡fhS�U%o�b SYP m2n _ \He�S2UcnHÀ]nYV�QZP m2ndqO�XHQ
`LUveMS2}h\MP Q�fhS�U�}�SkQTm2nh\MP V'VTS2\�S2\ � Ucz�m2j<eMSkyªS<fhS�UvVRS2\|o�Si[�l!SkViUEP S�¬(P�U�fgPWl w)`�{4rR��[dfhS�P�\h\�S2UWrn�Xhb }�f�P SiQTS�U%°�U:}MSHP V4\�X�m2n¡fhS2U&¯]m2n�Xdb S2\YVin�Si[hUEP S�S�U:l�P V'VTS2b V<qa¸ _ U��>\YVTS2UvQ _ m�n _ \He u []\-l!Xh­2b P m2n�S2\°�}i¬>SYP m2n _ \He�S�\
¬�PWU�f ` S<fhSiQ>¯.m�n�Xdb S�\�S2b S2l!S2\YV&PW\(QTSHPW\�S�U)e�Sk[]l!SkViUEP QRm2n�S2\¡{gP V'VTS2b b PW\MP S�}MSkViU�X�m2nYVTSkViq
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°�}h}MPWb f _ \He|�.q��@�]qW¥1Ò _ l!S2UEP QRm2n�S�°(}k¬>SHP m2n _ \HeMS2\
fhS2U © z�m2jiyES<fhS2U _ \HeMQRX _ QN¬>S�UvV _ \He.¥�°�}i¬>SHP m�n _ \Yr
eMS2\�Xdl _ \YVTS2U�S2\4~L[�Vi� _ \hjkV#¦�SHP Qk�MP S2bhfhS�U�wdUv[]\YVij2b Xh�h��S�PW\h\�S2\

O�P S|¯][�b b e�Sk[]l!SkViUEP SgP QNV!S2}MS2\YyªXhb b Q#SHPW\�S¡o�Si[]l!SkVkUªP S�[]nh\�S�SHPW\�SÁO�P m2jkSMqa¯aP S6b SYP VTSkV(Q§P m2n u [�\ÁfhS2U��°(O%rZO>XHVRS2\HQTSHP VRS¢Xh} � ¬&[]}MSHP%QZP S _ l�f�P Sº�%xhb y�VTS u [�l ¸1P S�nHQi��Xdb VC[2¨LQTSkV§P S2UWV|¬(PWU�f)q(O>S2U!½�¨ar
QTSZV4}�SkVkU�x�e�V4}�SHPB�Bb XHV§PW\�S2\gj2b SHPW\�S�UBe�b SHP m�n

1, 5 mm
�1b XYVZPW\�S2\�f�P m2jkS

+ 0, 1 mm
q�¦�SHP1�1b XYVZPW\�S�\

e�U�À�­<S�U
1, 5 mm

}MSkViU�xHe2V#fhS2U>¸BP S2nHQi��Xhb VC�1b XYVZP�\�S2\�f�P m2jkS
+ 0, 2 mm

qa¯][�l4P V4b P Sie�V!Q§P SgP�\�fhS2U
eMSi[]l!SkVkUªP QTm2n�S2\¿{gP V'VTS ^ ¬�P QTm�n�S2\¿{|XYViUEP ^ S _ \�f�¯�VRS2lC��S2b q�¦�SHP�fhS2U�Ð&S�Uv¬>S�\�f _ \He�SHPW\�S2U!\MP m2nYVjZ[]lC�MS2\HQZP S�UvVRS2\��ÂP�U:jkÃ]x2m2n�S�\He�Si[�l#SZViUEP SÁlCzh­ZVTS2\Áf�P S¢l!Xd­�b P m2n�S�\g°�}i¬>SHP m2n _ \He�S2\6e�b SHP m�n�Ò _ b bQTSYPW\ � Xhb b S2U�f�PW\He2Q�}�S�U�Sim2nh\�S2\ºQZP m2nK°�}i¬>SHP m2n _ \He�S2\KX _ yEe�U _ \�fèfhS2U¡O�P QijMU�SkV§P QZP S�U _ \He]q!O�P S¿`ab SZr
l!S2\YVkjiXh\YVTS�\hb xd\HeMS u []lG�KS2Ucj<Q'Viz�m2j�}MSkViU�xHe2V 2, 5 mm _ \�fè}�SYP&fhS2U�¯][]b b e�Si[�l!SkViUEP S-P QNV�fhXHQX _ QRQTm2nhb X�e2e�S2}MS2\�fhS¡®>UªP VTS2UEP _ l5f�P S!¯.S2jkXh\YVTS2\�Xh}i¬>SYP m2n _ \He u []\ 0, 01 mm � }MSHP�SYPW\�S2U&l!XY¹�PWl!XYrb S�\6`Lb S2l!S2\YVijkXh\YVTS2\hb xh\He�S u []\ 5, 0 mm

q
¦BSYP.fhS2U�¦�Sk¬>S2UWV _ \He�fhS2U�l!Xh­2b P m2n�S2\4°�}k¬>SHP m2n _ \HeMS2\4¬(P�U�f6f�P S _ l
eMSkyE[hUcl(VTS _ \�f-}�SkQTm2nh\MP V'rVRS2\�S|�Bb XHV§PW\�S!U�S2b XYVZP u#^�_ SHPW\�S�Ua¯][�b b eMSi[]l!SkVkUªP S u S2Uve]b P m�n�S2\dq)O�P S#}MSiQTm2nh\MP V'VTS2\�S _ \�f _ l
e�Sky�[hU:l(VRS
�1b XHV§PW\�S�P QNVC`aUve�S2}h\MP Q!SHPW\�S�U�w)`�{CrZ¦�S2U�S<m2nh\ _ \He � f�P SC¯][�b b eMSi[]l!SkVkUªP SgP Q'V
SHPW\�S u S2Uc\�SkV ^ VTS�½4}MS2UWrÃ]x�m2n�SMqLO�P S4o�zYVTS|}�SHPdfhS2UL° _ Ã�ÀMQ _ \He�fhS�U%o�Si[�l!SkViUEP S2\¡}�SiQ'VZPWlCl(V�Q§P m2n�}MSHP�fhS2U&�Bb XHV§PW\�S
f _ U�m�n
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°�}h}MPWb f _ \He|�.q��@�]qW¥1Ò _ l!S2UEP QRm2n�S-°�}i¬>SHP m2n _ \He�S2\�fhS2U © z�m2jkyªS<fhS2U _ \He2QTX _ Q'¬>S2UWV _ \He.¥ © z�m2jkyªS<fhSZr
U _ \He�XhlÖ¦BSYP Qi�MSHPWbdfhS2U>wdUv[]\YVij2b Xh�h��S�PW\h\�S2\

f�P S4°%fhXh�YVZP u P VTxYV � [dfhS2U&X _ m2n © S ^ [�\MPW\He6e�S2\�Xh\h\YV<qao%S�U�Sim2nh\�SkV(¬(P�U�f�l�P V(fhS2\-®�UEP VTS�UªP S2\��KS2Ucjkr
^ S _ e�f _ U�m2n�f.UEPW\He _ \He _ \�f4°(}k¬>SHP m2n _ \He�fhS2U�`ab S2l!S2\YVk\H[hU:l!Xhb S2\4}MP Q�l!X<¹�PWl!Xdbh�<�|o�U�X�f)q)s QNV>SHPW\HQ
f�P SkQTS2U&®�UEP VRS2UEP S2\CS�Uvy'zhb b V � S2UWyE[�b e2V�SHPW\�S�Ð&S2UWyªSHP�\�S2U _ \He¢}MP Q ^2_ SHP�\�S2U�l�PW\MPWl!Xhb S2\�`Lb S2l!S2\YVijkXh\YVTS2\Yrb xh\He�S u []\ 2, 5 mm

q.O�P S!¯�[]b b eMSi[]l!SkVkUEP S(¬�PWU�f u S2Uc\�SkV ^ ViqaO�P S|®>UªP VTS2UEP S2\#QZPW\�f�SHPW\4¯]S2jkXd\YVRS2\�Xh}YrQNVRXd\�f u [�\ 0, 01 mm
}�SHP�SHPW\�S2U&l!XY¹�P�l#Xhb S2\g`Lb S2l!S2\YVijkXh\YVTS2\hb xh\He�S u []\ 5 mm

q
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qa`aUWr
¬>XMUWV _ \He2QRe�S�l#xh­gVkU�SZVTS2\Áf�P S�e]UvÀ]­ZVTS2\Á°�}i¬>SYP m2n _ \He�S�\-PW\ © X2f�P S2\6X _ yRq>O�P S6o�U�À�­<S�fhSkQCf _ U�m�nf�P S�O�P QkjMU�SkVZP QZP S2U _ \He�S�\YVRQNVRXd\�fhS2\�S�\�w2S2nhb S�U�Q�¬�PWU�f¡PW\ © S2b XYVZP [�\ ^2_ U1}MS2U�S<m2nh\�SZVTS2\ © z�m2jkyªS<fhS2U _ \He
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}MSk¬>S2UWVTSZV<q�O�P S�w2XMU:}HQkjiXhb X¡PW\�°(}h}MP�b f _ \HeC�.q���� _ l(yªXh­kV
fhS2\¢¦�S2U�SHP m2n u []\ 0
}MP Q

0, 3 mm _ \�fQNVRS2b b V�°(}k¬>SHP m2n _ \HeMS2\C}�SZViU�X�e2Qil!xd­YP eCfhXMU:q�O�P S
PW\
°(}h}MP�b f _ \HeC�.q����|fhXMUve�SiQNVRS2b b VRS © z�m2jkyªS<fhS2U _ \He
^ SHP e2V&°�}k¬>SHP m2n _ \HeMS2\4l�P V&SHPW\�S�U1w2XMUc}HQijkXdb X u []\ ± 2, 0 mm

q�O�P S��KS2UWVTS�fhS2U1��\HQTm2n�xMUWyES4b P Sie�S�\
}MSHPLl!X<¹�PWl!Xdb

0, 38 mm � f�P S!fhS2U © z�m2jiyES<fhS2U _ \He¢}MSkViU�XHe�S2\ −3, 58
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¦�X _ VTSHPWb e�Si[�l#SZViUEP S¡X _ y(f�P SÁw�Uv[�\YVijMb Xd�h�MS�PW\h\�S�\6fhSiQ#Ð%[�b j<Q'¬>X�eMS2\º`.½(¯Âzh}MS2UWViU�XHe�S2\dq&`dQ�¬�PWU�f
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\ _ U]fhS2U�`hrk{|[df _ b _ \�f�f�P S�± _ S2UcjZ[]\YVkU�XhjiV§P []\ u [hU�eMSie�S�}�S2\dq���\YVRS2UvQTm2nMP SifMrb P m2n�S!�KS2Ucj<QNVN[2¨�SgjZÀ]\h\�S2\|fhXh\h\ ^2_ SHP�\�Xd\�fhS2U _ \YVRS2UvQ _ m2nYV�¬>S2U�fhS2\ � ¬>S2\h\|QZP S _ \YVRS2UvQTm2nMP S<f.b P m2n�S`hrk{|[df _ b Pan�Xh}�S2\dq
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 ¡x
y+x��lx �-³%É¿³�µi· ��� È � ³��«²�� Å�� ´Y³ � ³�µ ��� È��IÀ>³�µ Æ ¶ Ç ·d³ � �¼¶ � ´Ü�¢¶�� ~ �

� ³�µ��-¶ � ·d³ ~'Ç È
³&Ê � ³%·aµ ~ ³
¦�SHP�fhS2U1¦BSZ¬>S2UWV _ \He � []}|}�SHP _ \YVRS2UvQTm2nMP S<f.b P m2n�S2\!o�Si[�l!SkViUEP S2l
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f�P S¡¸a¬>Xh\HeMQ u S2UvQTm2nMP S2} _ \HeMS2\6X _ yEeMS2}MU�X�m2nYVTSÁO�SZyE[hUcl#XYVZP []\HQi}MPWb f¢QR[�b b)fhS�lA¦1PWb f¢fhS2U © z�m2jkyªS<fhSZr
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© �a¯-��¥)¸
�
��	

© �a¯���¥K3)Ê�

© �)¯��]¥)¸ -

© �a�̄��¥)¸ -

© �a¯-��¥93 -

© �a¯¢�]¥)¸ -

6

6~u1
-

~u2
HH

HH
HH

HH
HY
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¯
X _ yEeMS2}MU�X�m2nYVTS2\�¸)¬>Xd\He2Q u S2UvQTm2nMP S�} _ \He�S2\#QZPW\�f�zh}�S2UcnHÀ�nYV&fhXMUve�SiQNVRS2b b Viq�¯)P S�QZPW\�f|X _ y�f�P S4®>\H[2VTS�\X _ yEeMS2}MU�X�m2nYV _ \�f�}�SZViU�X�eMS2\ 1, 0 mm

PW\ © P m2nYV _ \He¡fhS2U1eMS2l�P VNVRS2b VRS2\6Ò�[hUcl#Xhb S2\dq�O>X¡SiQ4jkSHPW\�S®>\H[2VTS�\h\H[dUcl!Xhb S
ehPW}YV � }�S2U�S<m�nh\�SkV>QZP S(QZP m2n�X _ Q�Xdb b S2\!Xd\�fhS2\g®>\H[2VTS�\CXd\hb P Sie�S�\�fhS2\|`Lb S2l!S2\YVTS2\
f _ U�m2n¡{gP VNVTS�b ¬>S2UWVi}MPWb f _ \He.qdO�P S�ÓMXHe�S�U _ \He2Qi� _ \hjiVRS � ¬>S�b m2n�S(°(}h}MP�b f _ \He¡�]q � ^ SHP e�V � Q§PW\�f�Xh\�Xhb [Me\�X�m2n|fhS2lÖ}�SYPhÐ%[�b j<QN¬>XHe�S�\Ázh}hb P m2n�S2\ © SkyªS2U�S ^ � _ \hjiVRSiQ�JHQNVRS2l p§© �a¯.t�e�SZ¬>xdnhb V�¬&[hU�fhS�\dq
° _ QReMXd\He2QRe�Si[�l!SkViUEP S {C[df�P ÕLjiXYVZP []\g� {|[df�P ÕLjkXYVZP [�\4�

°�}h}MPWb f _ \Hel�]q ��qv¥BO _ U�m�n ¸a¬>Xh\HeMQ u S2UvQTm2nMP S2} _ \HeMS2\ }MS2U�S<m2nh\�SkVRSiQ O>Sky�[dUcl!XYVZP [�\HQi}MPWb f
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¯
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QTSkQ!P QNV
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° _ QReMXd\He2QRe�Si[�l!SkViUEP S {C[df�P ÕLjiXYVZP []\g� {|[df�P ÕLjkXYVZP [�\4�
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¦�S ^ SHP m2nh\ _ \He BDRmin BDRmax FLDmax`.PW\hn�SHP V
[%] [%] [%]° _ QReMXd\He2QRe�Si[�l!SkViUEP S −29, 24 2, 79 87, 18{C[df�P ÕLjkXHV§P []\g� −27, 49 2, 72 94, 23{C[df�P ÕLjiVRX�P [�\C� −29, 65 2, 95 96, 09

© z�m2jkyªS<fhS�U _ \He γmin γmax |γ�|`.PW\hn�SHP V
[mm] [mm] [mm]° _ QReMXd\He2QRe�Si[�l!SkViUEP S −2, 70 1, 44 0, 671{C[df�P ÕLjkXHV§P []\g� −2, 58 1, 34 0, 620{C[df�P ÕLjkXHV§P []\C� −2, 60 1, 42 0, 659
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�>l¾fhX�Q ^�_ U�Ð&S2UWyNzHe _ \He�QNVTS2n�S�\�fhS��BU�[ ^ S2­ZyªS�\HQNVTS2U ^�_ U
½��YVZPWl�P S2U _ \He�fhS�U © z�m2jkyªS<fhS2U _ \He�QR[e�U�[�­4¬(P S�l
À2e]b P m�n ^�_ eMSiQNVRXdb VRS2\ � P QNV!PWl Ð%[hUv¬>Ske�S|f�P Sgw2[hUcl fhS�U�° _ QRe�Xh\HeMQk�hb XHV§PW\�S�[]�YV§PWl�P S2UWV
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¦&b S<m2nhn�Xhb VTS2U
¯�VTS�l|�MS2b
{�XYViUEP ^ S

Ò&P u S<X _ �
A
A
A
AU

° _ QReMXd\He2Qi�hb XYVZPW\�S½��YVZP�l4P S2UWVTSC�1b XYVZPW\�S
½��YVZP�l4P S2UWVTSC�1b XYVZPW\�S!XdlÖ��~

Ò&P u S<X _ �
�
���

¯dVTS2lC�MS2b f _ U�m2nHeMXd\He¦�SiQRm2nh\MP VNV
¸BP S2nhb SHP QNVRS2\

°(}h}MP�b f _ \He¡�]q��Y��qv¥a¸1P S�n�Xd\hb XHe�SCÓ2xd\He2QNViU�xHe�S2U��L±�rk{¡P ¹ _ \�f-�1b XHV§PW\�S2\H[]�YV§PWl�P S2U _ \He
¬&[hU�fhS2\dq%O�P S�° _ QRe�Xh\HeMQk�hb XHV§PW\�S�P QNV#PW\¡Xhb b S2\Á¦�S2U�SHP m2n�S�\6PW\�f�P u P f _ S2b bdPW\gPWnhU�S2U © Xh\�f.jk[�\YV _ U u S2UWr
xh\�fhS2UWV�¬&[hU�fhS2\ � fhXhl4P V�f�P S!¸BP S2nhb SHP QNVTS2\�SHPW\�S2\#e]UvÀ]­iS2U�S2\CÐ&XMUEP XYVZP [�\HQi}MS2U�SHP m2n�n�Xd}MS2\dqaO�P S!¸1P S�nYrb SYP QNVTS�\hU:z�m�jMn�Xhb VTS2j2U�XHy�V�jkXd\h\|\ _ UaQR[Y¬>SHP V�Xh\He�S2nH[�}�S�\#¬>S2U�fhS2\ � }MP Q�fhXHQ!¦�X _ VTSHPWbdU�SHPW­ZV<q2�ÂPWU�f|fhS2UÐ&XMUEP XYVZP []\HQi}MS2U�SHP m2n!fhS2Ua¸1P S2nhb SHP Q'VTS2\hUcz�m2j2n�Xdb V _ \He u S2Uve]UvÀ]­iS2UWV � QR[6jkXd\h\#P�\�f�P u P f _ S2b b S2U.PW\!fhS2\ _ \YrVRS2UvQTm2nMP S<f.b P m2n�S2\�¦�S2U�SHP m2n�S2\�X _ y%f�P S © z�m2jkyªS<fhS2U _ \HeÁU�SiX�ehP S2UWV�¬>S2U�fhS2\dqBO�P S#[]�YV§PWl�P S2UWVTS¡�Bb XHV§PW\�SP Q'V
PW\C°�}h}MPWb f _ \He¡��qW�<�-l�P V�SHP�\�S2U e]Uczh\�S2\ © Xh\�f.j _ U u S�fhXMUve�SiQ'VTS2b b V<qO�P S4½4�YV§PWl�P S2U _ \He|fhS2U��1b XYVZPW\�S2\hU�Xh\�f.j _ U u S
S2UWyE[]b e2V�\�X�m2n4yE[�b e�S�\�fhS2\ © Xd\�f.}MS<f�PW\He _ \He�S2\d¥

Ã O�XHQ#`.PW\hb X _ yES2\�fhS�U%�1b XYVZPW\�S�zh}MS2U�fhS2\�¯�VTS�l|�MS2b U�X�f�P _ Q�P QNV(\ _ U�Xhl e�SiQRm2nhb [MQNQTS2\�S2\6®L[]�Yy
^2_ b xHQRQZP e p b P�\hjiS4¯]SHP VRSYtiq�O>S2l!S2\YVRQk�MU�S<m2n�S2\�fÁfhXMUWy�f�P SÁ�Bb XHV§PW\�S4Xhl«e�SiQTm�nhb [MQRQRS2\�S2\�®L[]�YyX _ m2n|X _ Q�fhS2U�¸BP S2nhb SHP QNVTSCb X _ yES2\dq

Ã O�XHQ�° _ Qib X _ yªS�\|fhS2U��Bb XHV§PW\�S#X _ Q�fhS2\�zh}2UEP e�S2\�¸BP S2nhb SHP QNVRS2\|P Q'V ^2_6_ \YVRS2Uc}MPW\�fhS2\dq
Ã O�S�UB�Bb XHV§PW\�S2\�SHP�\ ^2_ e(Xhl _ q ~(qHQR[]b b VTS
l
À2e]b P m�nHQNV�\�Xhn(Xh\(fhS2U.¸1P S2nhb SHP Q'VTS��hb X ^ P S2UWVL¬>S2U�fhS2\ �
_ \YVTS2U>`.PW\hn�Xhb V _ \He|SHPW\�SkQ�Ð%[hUcn�Xdb VRS2l!Xd­iSiQ u [�\ 10 mm

q
ÌFÒÕÝ ÖI×=�IÍ�ö�ÉlÍ4ÉEÈ	�ÑÉEÍ/ÎUÏ¶ÖIÌKö�É$�¶ÉEÍ�ÏÑÒËçÑÝ ÔÕÏÕÝ�Ý ÔEç¶É
¦�SHPhfhS2U�P�\#°�}h}MPWb f _ \He¡��qW�2��fhXMUveMSiQNVTS�b b VTS�\��>\HQTm2n�xMUWyªS4n�Xh\�fhS2b V&SiQ>QZP m�n _ l fhS�\#°�}i¬>SYP m2n _ \HeMQ'ryES2nhb S2U � ¬�P S6S2U
P�\K®1Xd�MP VTS2bh�]q �]q �KX _ y
¯.SYP VTS��M��S2UcjMb xMUWV�P QNV<qB° _ QNe�Sk¬>S2UWVRSkV�¬�PWU�f�f�P S�O�P ¨�S2U�S2\ ^
^ ¬(P QRm2n�S2\4fhS�U1}MSiQTm2nh\MP V'VTS2\�S�\ _ l!eMSkyE[hUcl(VTS2\¡�1b XYVZPW\�S u [hULfhS�U�`a\YVib XHQNV _ \He¡l�P V&fhS2U)¯][]b b e�Si[�l!SkrVkUªP SMq�O�P S�°(}k¬>SHP m2n _ \HeMS2\�QR[�b b VRS2\�}�SYPBSHPW\�S2l P fhSiXdb S�\6¯9JHQNVRS2lÔe]b SHP m2n�Ò _ b b.QTSHPW\dqB~LXHVNQTx2m�nhb P m2nS2\YVNQNVTS�n�S2\�°�}i¬>SHP m2n _ \He�S2\ � fhX�f�P SÁ¯][�b b eMSi[]l!SkVkUªP S-S2}MS2\YyªXhb b Q�SHPW\�S¢f�P Qij2U�SZVZP QZP S2UWVTS-o%Sk[]l!SkViUEP S
P Q'V<q�O�P S�O�P Qij2U�SZVZP QZP S2U _ \He�fhS2U�¯�[]b b e�Si[�l#SZViUEP S¢P QNV|QTS2nhU u P S2bLyªSHP�\�S2U(Xhb Q|f�P S6fhS2U _ l
e�Sky�[hU:l(VRS2\�1b XHV§PW\�S � ¬>SkQin�Xdb }-QZP m2nK}MS2U�SHP VNQ¡Xhl _ q ~(q%SHPW\�S�°�}i¬>SHP m2n _ \He ^ ¬�P QTm2n�S�\�fhS2U4�Bb XHV§PW\�S _ \�fºfhS2U¯�[]b b eMSi[]l!SkVkUEP S�SHPW\HQ'VTS2b b V<q��KSHP VRS2U&jk[�lCl
V!}�SYP]fhS2U�½�¨LQTSZVi}MPWb f _ \He|SHP�\6O�S�b VTX u []\ 0, 1 mm ^2_ U
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¦%b S<m�n�f�P m2jkS4X _ y>fhS�\�¸BP S2nHQi��Xhb V!nMPW\ ^2_ q�O>S2U�{|XY¹�P�l#Xhb ¬>S2UWV
fhS2U1°�}i¬>SHP m�n _ \He�S2\ ^ ¬�P QTm�n�S2\gfhS�\
}MSHP fhS2\¡o�Si[�l!SkViUEP S2\�}MSkVkU�xHe2V

0, 568 mm
q

°�}h}MPWb f _ \Hel�]q��2��qW¥1�>\HQTm2n�xMUWyªS+}�SYP�fhS2Ug¦�S _ UWVTSYPWb _ \He u [�\ © z�m2jkyªS<fhS�U _ \HeMS2\KXdlJÓMxh\HeMQ'ViU�x�eMS2U�L±�rk{gP ¹

 ¡x�w)xWw)x ®\ê�· ~V� ~ ³�µ �}� È��4�
³�µ<³ Å�Æ}���}� È � ³�� » ³(µA� ��Å�Æ �]É�³�µ � ��³ � È��
Ð þ�� È��]·aµ þ È(³(µ ­TÑ�Ä z ~ è

O>S2U%PW\6®�Xh�MP VRS2b,��q � p ¯]SHP VRS}�M��t u [dUveMSiQNVTS�b b VTSg¦�S2U�S<m�nh\ _ \HeMQTXh}hb X _ y>P QNV!l�P VNVRS2b Q�~�P Sky ^ P S2nHQ§PWl _ b XHrV§P []\ � S�\�S2Uve�SkV§P QTm2n�S2U&¦�SkVkU�X2m2nYV _ \He�l#Xh­�b P m2n�S2U.°�}i¬>SHP m�n _ \He�S2\ _ \�f�fhS�U&®�[�lC��S2\HQRXHV§P []\�f _ U�m�nYr
eMSkyNzhnhUWV4¬&[hU�fhS2\dq�¦�SHPWl ®L[]lC��S�\HQZP S2U�S2\6¬�PWU�fºfhXHQ6`.PW\YyNUEP S2U�S2\¢fhS2U!¦%b S<m2nhn�Xhb VRS2Uc}�S2U�SHP m2n�S¢zh}MS2U
SHP�\�SÁO>xhl|�Yy _ \He _ l!eMSiQTSkV ^ V � fhXÁXhl _ q ~(q%¦BS�U�SYP m2n�S¡fhS�U _ l!eMSkyE[hUcl(VTS2\ � }MSiQTm�nh\MP VNVRS2\�S2\¢�1b XYrV§PW\�SgX _ y(fhS2l�¦%b S<m2nhn�Xhb VTS�U
b P Sie�S�\dq>`dQ�P Q'V4SHPW\��èP fhS2UvQi�2U _ m�n � ¬>S�\h\ÁfhS2U#¦%b Sim2nhn�Xdb VTS2U%y'zhU�f�P S®L[]lC�MS2\HQTXYVZP [�\�Xhb QCQNVTXMUcU
Xh\He�S2\H[�lCl#S�\¢¬�PWU�f _ \�f�ViUv[2V ^ fhS2l�PW\�f�P SiQTS2\K¦�S2U�SHP m2n�S2\-SHPW\¢°�}Yr¬>SHP m2n _ \HeMQNyES2b fºfhS2U © z�m2jkyªS<fhS�U _ \He u [hUcb P Ske2V<q�O�SkQin�Xdb }Á¬ _ U�fhS¢fhS�U4¦%b S<m2nhn�Xhb VTS�U:}MS2U�SHP m�n�\MP m2nYV
SHP�\He�Sky'U�[hU�S2\ � QR[]\�fhS2Uc\6l�P V�SHPW\�S2U&nH[]n�S�\6O�xhlC�Yy _ \HeÁ}�S2b Sie2Viq
Ð%[�\ÁfhS2U�½��YVZPWl�P S2U _ \He2QRQR[2y�Vc¬>XMU�SC¬>S2U�fhS2\�l!S2nhU�S2U�Sg¯)PWl _ b XHV§P []\�S�\�e�b SHP m�n ^ SHP V§P e�e�SkQNVTXMUWVTSZV¡l�P VfhS2l«¸1P S�b � fhXHQC`LUveMS2}h\MP Q!fhS2U�l!Xd­�b P m�n�S2\|°(}k¬>SHP m2n _ \HeMS2\6zh}�S�U&f�P S��1Uv[ ^ S2­2��XMU�Xhl!SkVTS2U��M[2QZP VZP u
^�_ }MS<SHP�\YÃ _ QNQTS2\dqLO>X ^�_ QZPW\�f�f�P S ^ S2nh\¡PW\4°�}h}MPWb f _ \He���qW�<��fhXMUve�SiQNVRS2b b VRS2\|¸BP S2nhb SYP QNVTS�\ _ \�f�f�P SÒ>P S<fhS2Ucn�Xdb VTS2UcjMU�XYy�V|n�S2U�Xd\HeMS ^ [2e�S2\6¬&[hU�fhS2\dq&¦�SHPBfhS2U�¸BP S2nhb SHP QNVTS2\hUcz�m2j2n�Xdb V _ \He¡¬ _ U�fhSgfhS2U
¦�Skr
U�SHP m�n u [�\ 0

}MP Q
500 N/mm u [hU�eMSie�S�}�S2\dq.O�S�Ua¯�VRXMUWV:¬>S�UvV1¬ _ U�fhS(X _ y 100 N/mm

yªSiQNVNe�S2b Sie2Viq
O>S2U&�KS2UWV�fhS�U�¸1P S�nhb SHP QNVRS2\hUcz�m2jMn�Xhb V _ \He�¬ _ U�fhS�PW\h\�S2Ucn�Xdb }gSHP�\�S2U�¸1P S2nhb SHP Q'VTSCXdb Q�jZ[]\HQNVRXd\YV#Xh\YreMS2\H[]lCl!S2\dq%O�P S�¦%b S<m2nhn�Xhb VTS�U:j2U�XHy�V�U�SHP m2nYVRS u [�\ 300

}MP Q
1300 kN

q%s�\g°�}h}MPWb f _ \Hel��q��Y�¢Q§PW\�f
f�P S(¸BP S2nhb SHP QNVRS2\
f _ U�m2nCU�[�VTS _ \�f4e]Uczh\�S4�][�b JHeM[�\ ^ zHeMS!fhXMUve�SkQNVTS2b b V<q�`dQ>Q§PW\�fCf�P S(¸1P S2nhb SHP Q'VTS2\
fhSiQ¦�X _ VTSHPWb fhXHVRS2\HQNVTXh\�fhSiQ u S2UW¬>S2\�fhSkVg¬&[hU�fhS2\ � ¬&[�}�SYP ^ ¬>SHP�¸BP S2nhb SYP QNVTS�\�e�SkVkU�S2\h\YVg¬ _ U�fhS�\dq!O�P S
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°�}h}MPWb f _ \Hel�]q��<�]qW¥a¸BP S2nh��XMU�Xhl#SZVTS2U:¥a�Y��¸BP S2nhb SHP QNVRS2\ _ \�f-¦%b S<m�nhn�Xdb VRS2UcjMU�XYy�V
¬>SHP VTS2U�S-�>\YVTS2UWVTSYPWb _ \He6fhS2U�¸BP S2nhb SYP QNVTS�\�� � � _ \�f-� � �<� p QZP S2n�S|°�}h}MPWb f _ \He¡�]q��Y��t!¬ _ U�fhS u [hUWreMS2\H[]lCl!S2\ �a_ l×PW\4f�P SiQTS2\¡¦BS�U�SYP m2n�S2\CfhXHQ © z�m�jiyªSifhS2U _ \HeMQTS2UveMS2}h\MP Q(P�\�f�P u P f _ S2b b S2U ^2_ QNVRS _ S2Uc\dqÐ%[hU�fhS2\�®L[]lC��S�\HQTXHV§P []\�S�\Á¬ _ U�fhS�fhX�Q�`aUve�S�}h\MP QCfhS2U © z�m2jiyES<fhS2U _ \He�zh}MS2U�f�P S��1Uv[ ^ S2­2��XMU�XYrl!SkVRS2U#[��YVZPWl�P S�UvV � l4P V�fhS2U�¸1P S2b u [hUve�Xh}�S�f�P S © z�m2jiyES<fhS2U _ \HeMQTS�\�S2UvedP S _ \YVRS2U|`.PW\hn�Xdb V _ \HeKfhS2U�%S�U�Q'VTS2b b }�XMU:jkSHP V p w)Ó��LrZ®�UEP VRS2UEP _ lÓÒ 100%

t ^�_ l4P�\MPWl�P S2U�S2\dq
`�Q(¬ _ U�fhS�\¢nMPW\YVRS2U�SHPW\�Xh\�fhS2U>s�\YVTS2U�XYVZP [�\HQRQTm2nhb SYP yªS2\Ál�P V ` Sk¬>SYPWb Q!X2m2nYV
¯)PWl _ b XYVZP [�\�S2\4e�SkQNVTXMUWVTSZV<q

°�}h}MPWb f _ \He¡��qW�<�]qW¥ © z�m2jkyªS<fhS�U _ \He2QTS2\�S2UvehP S�fhS2U%��°(O%r:�èPWUcjiÃ]x�m2n�S2\¡zh}MS2U>�Y�-s VRS2U�XHV§P []\�S2\
¦�SHP.fhS2U�S2UvQNVTS�\¢s VRS2U�XHV§P []\HQRQRm2nhb SHP yES�QNVTS�b b S2\CQZP m2n u []\¡fhS2\�X2m2nYV�¯aPWl _ b XYVZP []\�S2\#QZP S2}MS2\�Xdb Q�\MP m2nYVn�S2UvQNVRS2b b }�XMU4n�S�U�X _ Q<q
s�\ºfhS2UC\�x2m2nHQ'VTS2\ès VTS�U�XYVZP []\HQRQTm�nhb SHP yESÁ¬>XMU�S2\KXdb b S-éK¯aPWl _ b XYVZP [�\�S2\º\MP m2nYVn�S2UvQNVRS2b b }�XMU:qL`aUvQNV(Xh}|fhS2U�\�x�m2nHQNVRS2\6s VTS2U�XYVZP [�\HQRQTm2nhb SHP yªS p fhS2UBf.UªP VNVTS�\2t�e�S2b Xd\He�SkQ � zh}MS2UW¬�P Sie�S�\�f

74 5. Umsetzung der Maßnahmen



n�S2UvQNVRS2b b }�XMU�S#`aUve�S�}h\MP QRQTS ^�_ S�U:n�Xhb VRS2\ _ \�f4f�P S © z�m2jkyªS<fhS�U _ \He2QTS2\�S2UvehP S ^2_ l�PW\MPWl�P S�U�S�\dqh¦BSYPMfhS2U
½��YVZPWl�P S�U _ \HegfhS2U>��°(O%rZw.b x�m2n�S2\C¬ _ U�fhS�\ÁPW\HQReMSiQTXhl(V4�Y��s VRS2U�XHV§P []\HQNQTm2nhb SHP yªS2\ p fhXMUve�SiQNVRS2b b V�Xdb Q� _ \hjkV§t�e�S2U�S<m�nh\�SkV � ¬>XHQ 8 · 12 = 96

¯)PWl _ b XYVZP [�\�S2\|S2\YVRQk�MUEP m2nYViq)°�}h}MPWb f _ \He¡�]q��Y� ^ SHP e2V!fhS2\Ð&S�U:b X _ y�fhS2U © z�m2jkyªS<fhS2U _ \He2QTS2\�S2UvedP S6zh}MS2U>f�P S6s VTS2U�XYVZP [�\�S2\dq�o�Uczh\�S¢� _ \hjkVTSCQZPW\�fK¦�S2U�S<m�nh\ _ \YreMS2\ � }�SHPLfhS2\�S2\¢P�\�fhS2U _ l
e�Sky�[hU:l(VRS2\��1b XYVZPW\�SgjkSHPW\ © PW­�S2\YVRQ'VTS2nYViq © [2VTSÁ� _ \hjiVRS|Q'VTS2n�S2\¡yNzhU\MP m�nYVÁn�S�U�Q'VTS2b b }�XMU�S�Ó�ÀMQ _ \HeMS2\dq�o�S ^ SYP m2nh\�SkVC¬�PWU�f+PW\-°(}h}MP�b f _ \He¡�]q��Y�¿fhS�U4O _ U�m�nHQTm2nh\MP V'V|fhS2U© z�m2jkyªS<fhS�U _ \He2QTS2\�S2UvehP S4fhS2U1ég¯aPWl _ b XYVZP []\�S2\�SHPW\�S2U>s VTS2U�XYVZP [�\HQRQTm2nhb SHP yªS�QN[H¬�P S4f�P S#¯�VTXh\�fhXMU�fhXd}Yr
¬>SHP m2n _ \He.q° _ y�¦BXHQZP Q�SHPW\�SkQÁO _ U�m2nhb X _ yEQ4¬ _ U�fhS2\�f�P Sg�èPWUcjiÃ]x2m�n�S2\�jk[�lC��S2\HQ§P S2UWV<q�O _ U�m2n-f�P SÁ½��YVZPWl�P SkrU _ \HeMQNQR[2y�V:¬>XMU�S#¬ _ U�fhS2\CS2Uc\�S _ V�f�P S(e]zh\HQNV§P eMQ'VTS2\��BU�[ ^ S2­���XMU�Xdl!SkVRS2U&}�S�U�Sim2nh\�SkV _ \�f¡f�P S © z�m2jkryES<fhS2U _ \HeMQTS�\�S2UvedP SCU�Sif _H^ P S2UWViq��ÂP m2nYV§P e¡}MSHPhfhS2ULX _ QRQTm2nhb XHeMeMS2}MS2\�fhS2\4¯)PWl _ b XYVZP [�\�yNzhU�f�P S4®L[]l(r�MS2\HQTXYVZP [�\-P QNV�SHPW\Á¯aP�l _ b XHV§P []\HQib X _ y � ¬>S2b m�n�S2U�SYPW\�S¡QNVRXd}MPWb S¢Ó�ÀMQ _ \He�U�S2�2U�x�QTS�\YVZP S2UWViqL�èPWU�f�SHPW\�S
¯)PWl _ b XHV§P []\Kl�P V-�BU�[ ^ S2­���XMU�Xdl!SkVRS2Uc\ºe�SiQNVRXMUWVTSkV � ¬>S2b m2n�SKl�PW\MPWl!Xhb u S2UvQTm�nMP S<fhS2\ u []\�SYPW\�Xd\�fhS�UQZP�\�f � QR[�¬�PWU�f�S�Uv¬>XMUWVRSkV � fhXh­�f�P S�`LUveMS2}h\MP QRQTS(X _ m2n|\ _ UBl�PW\MPWl!Xhb u S2UvQTm2nMP S<fhS2\ ^2_ SHPW\�Xh\�fhS2U]X _ QNryEXdb b S2\dq

°�}h}MPWb f _ \Hel�]q��i�.qW¥ © z�m2jkyªS<fhS�U _ \He2QTS2\�S2UvehP S�Xhb b S2Uh�èPWUWyNjMb x2m2n�S�\H[]�YVZP�l4P S2U _ \He�S2\�PWl5O _ U�m2nHQTm2nh\MP V'V
O�P S|`LUveMS2}h\MP QRQTS#fhS2UBS2UvQNVTS2\ _ \�f ^ ¬>SHP VRS2\6®L[]lC�MS2\HQTXYVZP [�\ _ \�fgfhS2U���°(O%r:° _ QNe�Xh\HeMQReMSi[]l!SkVkUªP Sp }MS ^ SYP m2nh\�SkV�Xdb Q�®L[]lC��S�\HQTXHV§P []\4��t�QZPW\�f6P�\�°�}h}MPWb f _ \Hel�]q��<�gfhXMU�eMSiQNVRS2b b ViqaO�P S�®L[]lC�MS2\HQTXYVZP [�\
�CQNVRXMUWVTSkVRS�l�P V�fhS2\|[]�YVZP�l#Xhb S2\6�BU�[ ^ S2­���XMU�Xdl!SkVRS2Uc\gfhS�U>��°(O%rZO�XYVTS�\ p ®�[�lC��S2\HQRXHV§P []\���tiqB`dQ
¬ _ U�fhS2\�SHP�\MP e�S�s VTS2U�XYVZP [�\�S2\Á}�S2\HÀ�VZP e�V � fhXhl�P V(fhXHQ�¸BP S2nYVRSHPWban�S2UvQNVRS2b b }�XMU&P QNViq1s�\6fhS2\|yE[�b e�S2\�fhS�\s VTS�U�XYVZP []\�S2\�P QNV�fhS2U�½4�YV§PWl�P S2U _ \HeMQTXhb e2[dUEP Vknhl _ QCPW\ÁfhS2U!Ó2X�eMS � f�P S © z�m2jiyES<fhS2U _ \HeMQTS�\�S2UvedP S ^�_
u S2UcUEPW\HeMS2Uc\dq!O>XHQ6½4�YV§PWl _ l ¬ _ U�fhSKl�P VgfhS�U ^ ¬>SHP VRS2\è®L[]lC��S�\HQTXHV§P []\�Xd}�fhS�U|�<�]q
s VTS2U�XYVZP [�\
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S2UcU�SHP m�nYV<q�`.PW\�S6f.UEP VNVRS�®L[]lC��S�\HQTXHV§P []\Á¬ _ U�fhSÁf _ U�m2nHe�SZyNzhnhUWV � Xhb b S�U�f�P�\HeMQgjZ[]\h\YVRS2\�jiSYPW\�S-n�S2UWr
QNVRS2b b }�XMU�S2\4~�SYPWb S�}MS2U�S<m2nh\�SkV�¬>S2U�fhS2\dq

Ô Ç�Õ�Ö'×�Ø
Ù5ÚeÛ�Ü�Ý5Ú
Ý�Þ�Ö'×Jßsà
Õe×�Ý�Újá$Þ�Ö'×�â_Ùeã
â�Þ!Û=Þ5Ý5Ú�â
°�}h}MPWb f _ \Hel�]q��@�]qW¥1¦�S2U�S<m2nh\�SZVTS
l!Xh­2b P m2n�S%°�}i¬>SHP m�n _ \He�S2\�fhS2U]¸1P S2n�Xd\hb X�eMS>X _ yB¦BXHQZP Q1fhS2U.��°(O%r

O>XYVTS2\ _ \�fgfhS�U�S2UvQNVRS2\ _ \�f ^ ¬>SYP VTS2\Á®L[]lC�MS2\HQTXYVZP [�\

O�P SgPW\�°�}h}MPWb f _ \He¡�]q��@��fhXMUve�SiQNVRS2b b VRS2\-l!Xh­2b P m2n�S2\¡°(}k¬>SHP m2n _ \HeMS2\¡¬ _ U�fhS2\�}MSk¬>S2UWVTSkViq&¦BS�U�SYP rm2n�S|l4P V�SHPW\�S�UL°(}k¬>SHP m2n _ \He6jMb SHPW\�S2U 0, 5 mm QZPW\�f�e]Uczh\|SHPW\HeMSkyªxMUc}YV �d^ ¬(P QRm2n�S2\ 0, 5 mm _ \�f
1, 5 mm

e�S2b }dq]°�}i¬>SYP m2n _ \He�S�\Ce]UvÀ]­iS2U 1, 5 mm QZPW\�f-Uv[2V
fhXMUveMSiQNVTS�b b V<q¶%>}�S2U1f�P S¡®L[�l|�MS2\HQTXYrV§P []\HQNy�[hU:l!S2\�b X�QRQRS2\6QZP m2n u P S2b SÁ¦BS�U�SYP m2n�S u [�\¢SHPW\�S2U _ \HeMS2\hzHe�S2\�fhS�\-l!Xd­�b P m�n�S2\g°�}i¬>SYP m2n _ \HePW\|fhS�\�jMUEP VZP QTm2n�S2\#e�S2b }MS2\6¦�S2U�SHP m�n _ \�f�X _ m2n¡P�\CfhS2\Ce]Uczh\�S2\6¦�S2U�SHP m2n u S2Uc}�SkQRQTS2Uc\dq�O>S2U&l�P V Ô
eMS2jkS2\h\ ^ SHP m2nh\�SkVTS!¦BS�U�SYP m2n4P QNV&Xhb Q u \MP m2nYV1[]�YVZP�l4P S2UWVTS2U�¦�S2U�SHP m2n�v�Xd\ ^�_ QTS2n�S2\dq�O>S2Uaf�[hUWV�b P Ske�S2\�fhSw.b Xd\HQTm�n
¬�PWU�fCf _ U�m2n!SHPW\�S#w�[]b eMSi[]�MS2U�XYVZP [�\HQRQNV _ yES�\H[dm2n u S2U�xd\�fhS2UWV � ¬>SiQin�Xhb }!f�P SiQRS2U1¦�S2U�SHP m2n(yNzhUf�P S(½��YVZP�l4P S2U _ \HeMQRQR[�y�Vc¬>XMU�S�X _ QNe�SiQi��XMUWV%¬&[hU�fhS2\4P QNV<q�O�P S�¯aP�l _ b XHV§P []\�S2\ _ \�fg®L[]lC��S�\HQTXHV§P []\�S�\n�Xh}�S�\ ^2_ SYPW\�S2U>{C[df�P ÕLjiXYVZP []\4fhS�Ua�ÂPWUcjiÃ]x�m2n�S2\#e�Sky'zhnhUvViqLO�P S(Ð&S�U�xh\�fhS2U _ \He�fhS2Ua�ÂPWUcjkÃ.x�m2n�S2\p ®L[]lC�MS2\HQTXYVZP [�\C��t>e�SieMS2\hzh}�S�U�fhS2l ° _ QRe�Xh\HeMQ ^2_ QNVRXd\�f _ \�f|f�P S
S2UvQNVTS © z�m�jiyªSifhS2U _ \He|Q§PW\�f�PW\°�}h}MPWb f _ \Hel�]q��@��fhXMU�eMSiQNVRS2b b Viq
O�P S�`aUve�S2}h\MP QNQTS¡fhS2U1QZPWl _ b P S�UvVRS2\go�Si[]l!SkVkUªP SkyE[hUcl!S2\�QZPW\�f ^2_ QRXdlCl!S2\He�SZyªXh­kV#fhS2U�\�X�m2nYy�[]b eMS2\YrfhS2\�~LXd}MS2b b S ^2_ S2\YVi\�S2nhl!S2\dq�¦�SHPifhS2\
l!Xd­�b P m2n�S�\&°(}k¬>SHP m2n _ \HeMS2\(n�Xd\�fhS�b VaSiQ�QZP m�n _ l {gP�\MPWl _ l
r
_ \�f�{|XY¹�P�l _ l(¬>S2UWVRSMq
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°�}h}MPWb f _ \He¡�]q�����qW¥�O>XMU�Q'VTS2b b _ \He¡fhS2U © z�m2jkyªS<fhS�U _ \He _ \�f�®L[]lC��S�\HQTXHV§P []\�}MSHPWlÖÓ2xd\He2QNViU�xHe�S2U
¦�SiQTm�nhU�SYPW} _ \He l!Xd­�b P m2n�S °�}i¬>SHP m�n _ \He�S2\ [mm]{gP�\MPWl _ l {�X<¹�PWl _ l
��°(O%rc�ÂPWUcjkÃ.x�m2n�S2\ p ®L[]lC��S�\HQTXHV§P []\��Mt −3.05 +5.47l�P V�¯�VTXMUWVkjk[�\YÕ�e _ U�XHV§P []\��°(O%rc�ÂPWUcjkÃ.x�m2n�S2\ p ®L[]lC��S�\HQTXHV§P []\��Mt −2.78 +4.58l�P V�[]�YVZP�l4P S2UWVTS2\��BU�[ ^ SiQNQi��XMU�Xdl!SkVRS2Uc\®L[]lC�MS2\HQTXYVZP [�\�� −1.74 +2.98®L[]lC�MS2\HQTXYVZP [�\|� −1.87 +1.02

 ¡x�w)xW�)x » ³�µA� ��Å�Æ �]É�³(µ � ��³ � ÈäÐ þ}� È���·aµ þ È(³�µ ­TÑÜÄ z ~ è
° _ y&¦�X�Q§P Q&fhS2U.f _ U�m�n
f�P S�¯aP�l _ b XHV§P []\!jk[�lC��S2\HQ§P S2UWVTS2\��KS2Ucj ^ S _ e2e�Si[�l#SZViUEP S�¬ _ U�fhS�SYPW\�S(��°(O%rO>XYVTS2\Yr © z�m2jkyNzhnhU _ \He u [hU�eMS2\H[]lCl!S2\dq�° _ Q%fhS2\#jZ[�l|�MS2\HQZP S2UWVTS2\��èPWUcjiÃ]x�m2n�S2\>¬ _ U�fhS�SHP�\
��°(O%rwdU�x�QTfhXYVTS�\HQTXHV ^ S�U ^ S _ e2Viq%°�\HQTm2nhb P S�­<S2\�f�¬ _ U�fhSÁSHPW\¢Ð&S2UvQ _ m2nHQ'¬>S2Ucj ^ S _ eMQTXYV ^ p }�SiQ'VTS2n�S2\�fKX _ Q{|XHVkUEP ^ S � ¯dVTS2lC�MS2b _ \�f-¦%b Sim2nhn�Xdb VTS2U�t>eMSkyNU�xHQNV �L_ l f�P S#S�U ^ P S2b VRS2\g`aUve�S�}h\MP QRQTS4X _ Q�fhS2UB¯)PWl _ b XHr
V§P []\�l�P V&U�S<Xhb S2\4`aUve�S�}h\MP QRQTS2\ ^2_�u S2Uve]b SHP m2n�S2\dqhs�l5w�[]j _ Q1fhSiQ1Ð&S�U�Q _ m2nHQ�QNVRXd\�fhS2\�f�P S
l!Xh­2b P m2n�S2\°�}i¬>SYP m2n _ \He�S�\ÁfhS2U&Ð&S2UvQ _ m2nHQNVRSHPWb S¡X _ y#¦BXHQZP QCfhS�U�¯)PWl _ b XYVZP [�\HQTS2Uve�S2}h\MP QRQTS�eMSie�S�\hzh}�S2U�fhS2\�S2\fhS2U1¯.S�UªP S2\h}�X _ VRSHPWb S2qO�P S(P�lÑÐ&S�U�Q _ m2n _ \YVTS2UvQ _ m2nYVRS�°�U:}MSHP VNQNyE[�b e�S�S�U�Q'ViU�S<m2jkV&QZP m2n
X _ yLfhXHQ&~�P SZy ^ P S2n�S2\ _ \�f4fhS2\C\�X2m�nYry�[]b eMS2\�fhS2\¡S2UvQNVTS2\Á¦�SiQTm�nh\MP VNViqBO�P SCP�l {|SkVinH[dfhS�\h�hb Xd\ u [dUveMSiQTS2n�S2\�S�\�w�[]b eMSi[]�MS2U�XHV§P []\�S�\|¬ _ UWr
fhS2\+\MP m2nYV¢}MSkVkU�X�m2nYVRSkV<q�O�P Sºw2[�b e�Si[���S�U�XYVZP []\�S2\+}MSiQNVRS2n�S2\ºX _ Q�fhS2l Ò%X�m2nYyE[hUcl!S2\ u []\ ^ ¬>SHPw.b Xd\HQTm�n�S2\ _ \�fgfhS2l5°�\HQNVRS2b b S2\4SHPW\�S2U&`�m2jkSMq�O�P SiQTS(¬ _ U�fhS2\¡PW\4fhS2UB¯aPWl _ b XYVZP [�\�\MP m2nYV!}MS2Ucz�m2jkrQZP m2nYVZP e�V � fhX�f�P S4¬>SkQTS2\YVib P m2n�S2\Ál!Xd­�b P m2n�S�\¡°�}i¬>SYP m2n _ \He�S�\gf _ U�m2ngfhX�Q!~�P Sky ^ P S2n�S2\gfhS2U&S2UvQNVRS2\
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{|XHVkUEP ^ S4fhSiQ�Ð%S2UvQ _ m2nHQN¬>S2Ucj ^ S _ e2QTXHV ^ SiQ

°�}h}MPWb f _ \Hel��q��Y�]qW¥���S2UvQNVTS2b b _ \He u [�\¢¦�X _ VTSHP�b S2\¡l�P V!jZ[]lC��S�\HQZP S2UWVTS�l5Ð%S2UvQ _ m2nHQN¬>S2Ucj ^ S _ e
½���S�U�XYVZP []\HQNy�[]b eMS#yªSiQNVNe�S2b Sie2V�¬ _ U�fhS2\dqO>XHQºwdU�x�QRS2\+S2UWy�[]b e�VTS�PWlA�KS2Ucj ^ S _ e�}�X _Â_ \�fèf�P S¿`.PW\�XMUc}�SHP V _ \HeèP�l �1U�S2­Z¬>S2Ucj��º[]b y�Qi} _ Uve.q°�}h}MPWb f _ \Hel�]q��<� ^ SHP e�V�f�P S¡{�XYViUEP ^ S�fhSiQ��KS2Ucj ^ S _ eMQTXYV ^ SiQ�¬>xhnhU�S�\�fÁfhS�U�`.PW\�XMUc}MSHP V _ \He.qsW\(°�}h}MPWb f _ \He���q��YéCP Q'V%fhXHQ�¦�SiQTm2nh\�SHP fhS2\�l�P VNVRS2b Q>ÓMXHQTS2UaPW\(fhS�U.fhXYyNzhULn�S2UveMSiQNVTS�b b VTS�\�° _ yN\�XhnYrl!S4Xh}He�S2}MPWb fhSkV<qaO�P S|¦BSkQTm2nh\MP V'VijZ[]\YV _ U1P QNV#l�P VkjZ[]lC��S�\HQZP S2UWV>¬&[dU�fhS2\ � }MSkÕL\�fhSkV�QZP m2nCQR[]l�P V�X _ y
fhS2Ud�KS2Ucj ^ S _ e]jZ[�\YV _ U:q�O>X(fhX�Q�¸1P S�nYVTSHPWbHUcz�m2jie�SkyES<fhS2UWV&P QNV � ¬ _ U�fhS�f�P S�f�P edP VRXdb S(¦�SiQRm2nh\MP VNVkjZ[]\YV _ U\�X�m2n�fhS�U�®L[]lC�MS2\HQTXYVZP [�\�S2\YVNQi�MU�S<m2n�S�\�f¢fhS2U�QZPWl _ b P S2UWVRS2\ © z�m2jiyES<fhS2U _ \He u S2UvQTm2nH[�}�S2\ � fhXhl�P VQZP S¡l!À2e]b P m2nHQNV�SZ¹2XdjkV(X _ y%fhS2U1¸BP S2nYVTSYPWb e�Sk[]l!SkViUEP SCb P Sie�V<qaO>S2U�¦�SiQTm2nh\MP V'V�S�Uvy�[]b e�V�QTS2\hj2U�S<m2nYV u [�\[�}�S2\ � QR[�l4P V(X _ Q�¸ar © P m2nYV _ \He¡fhSkQ��KS2Ucj ^ S _ e]jZ[h[hU�f�P�\�XHVRS2\HQ�JHQNVRS2l
Q<q
ålÈ ç4È¨Î@ÔÕÇ­È¨Ý�È ÉEÍ0Ï4ÒËçm�ÑÉEÍræ�ÔÕÏÕÎ@ÉEÈ­Ç É
O�P S
e�S2b XHQTS2UWVRS2\�¦�X _ VRSHPWb S�¬ _ U�fhS�\�yNU�SHP]PWl © X _ l l�P V�SHP�\�S2l5¯�VRS2U�Si[]jkXhl#S�U�XHQ�JHQNVRS2l fhS2U&w�PWUcl!Xo%½C{ l!XHVkUEP ^ S2\HQRSHP VZP e�f�P ehP VTXhb P QZP S2UWV p Q§P S2n�S¡°�}h}MPWb f _ \HeT�]q��<��tiq�`dQ4¬ _ U�fhS-}MSHPBXhb b S�\�¦BX _ VTSYPWb S2\f�P S¡{�XYViUEP ^ S2\HQTSHP VRS�X _ yEe�S�\H[]lCl!S2\ � S2}MS2\HQR[�¬ _ U�fhS#yNzhU1fhS2\CÐ&S2Uve�b SHP m2n�l�P V�fhS2U1¯][]b b e�Si[�l!SkViUEP Sf�P S�{|XHVkUEP ^ S2\HQRSHP VTS�n�S2U�Xh\He�S ^ [MeMS2\dq(sW\-°�}h}MPWb _ \He���qW�<�¿P QNV|X _ y!fhS2U#b PW\hjkS2\¢¯.SHP VTS�SHPW\K¦�X _ VRSHPWb
¬>xhnhU�S2\�fKfhS�U#O�P ehP VTXhb P QZP S2U _ \He-fhXMUve�SkQNVTS2b b V<q>`aU:jkS2\h\h}�XMU�P QNV4fhX�Q|¯�VRS2U�Si[]jkXhl!S2U�X�Q�JHQ'VTS2l p []}MS2U�SU�S<m2nYVRS2U�¦BS�U�SYP m2n2t _ \�f�f�P S�X _ y%fhXHQ4¦�X _ VRSHPWb]�MUv[ ` P ^ P S2UWVTS�\|¯�ViU�SHP yªS2\ p b P�\hjiSC¦�X _ VRSHPWb QRSHP VTS<tiq
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°�}h}MPWb f _ \Hel��q��Yé]qW¥BÓMXHQTS2Uc}MSiQTm2nh\�SHP fhS2\|fhS2U�¸1P S�nYVTSHPWb S
æ}ÚËÍ*ç¶ÉÕ×ËÉÕÒËÝ'�2ÉEÈ Ý�ÉmÍ4ÉËÈ«Ð¸ç¹Í
ÔEóEÈ Ý Ô[ÍÕç4Ç ÉEÈ­ÖI× Ì�Ú4Ð�ô4ÉËÒÕÝ�È ÉEÍ
ÎAÉËÍ Ë ÖI×4Ò¶È Î@Î@Î@ÉEÈ­Ç É
�>l»l!Xh­2b P m2n�S¢°�}i¬>SYP m2n _ \He�S�\ºX _ y ^2_ \�S2nhl!S2\ � edPW}YVgSiQgyNzhU�f�P S�¯]S2UEP S2\h}�X _ VTSHPWb SÁQR[2e�S2\�Xh\h\YVTS�1UczYy'l4P VNVTS�b l!S2UcjMl!Xdb �hb xd\�S2q�s�\�f�P SiQTS2\��1b xh\�S2\¢¬>S�U�fhS�\�f�P SÁSHPW\ ^ S�b \�S2\K� _ \hjiVRS�yESiQNVNe�S2b Ske2V � PW\¬>S2b m2n�S2\¡fhX�Q ` Sk¬>SHP�b P e�S�¦�X _ VTSHPWbhX _ y ^2_ \�S2nhl!S2\gP QNV _ \�fg¬>XHQ ^�_ l!SiQNQTS2\ÁP QNV<qBO�Xh}MSHP]QTS2n�S2\¡f�P S�1b xd\�S u [hU � fhXd­�fhX�Q(¦�X _ VRSHPWb2P�\#SYPW\�S2U1}MSiQNV§PWlCl(VTS2\|¦�X _ VRSHPWb X _ yN\�Xhnhl!S�e�S�b X�eMS2UWV%¬(P�U�f)q.sW\#f�P SiQRS2U° _ yN\�Xhnhl!Sg¬>S2U�fhS2\�f�P S�¦BX _ VTSYPWb S¢\�X�m2n¢SHPW\�S2lÖyªSkQNVTS2\K®L[]\ ^ S2�YVCe�SiQk��Xd\h\YV4eMS2b XHe�S2UWViq�O>X�f�P S
w�[]b eMSi[]�MS2U�XYVZP [�\�S2\�\MP m2nYVCf _ U�m2nHeMSkyNzhnhUWV�¬ _ U�fhS2\ � S2UWy�[]b e�V|fhS2U�Ð&S�U�e�b SHP m�n-fhS�U#l!Xd­�b P m�n�S2\�°�}Yr¬>SHP m2n _ \He�S2\�l�P VCSYPW\�S2U>yNU�SHP S2\KÓ2X�eMS2U _ \HeKPWl © X _ l|q�O�P SiQg}MS<fhS _ VRSkV � fhXh­�Xhb b S�¦�X _ VRSHPWb S¡X _ yfhS2l¼~�P QTm2n4b P Sie�S2\�f#f�P edP VRXdb P QZP S2UWV _ \�f�S2\YVNQi�MU�S<m�n�S2\�f4fhS2U u [dUveMSiQTm2nhUEP S2}MS2\�S2\
QNVRXHV§P QTm2n4}MSiQNV§PWlCl(rVRS2\+Ó2X�eMS2U _ \HeKQi��xYVTS�U
f�P edP VRXdb%zh}MS2U�SHPW\�Xh\�fhS2U�eMS2b Sie�VC¬>S2U�fhS2\dq(O�P SiQTS�Ð%[hU�eMS2n�S2\HQN¬>SYP QTS¢ÕL\�fhSkVPWnhU�SÁ°(\Y¬>S�\�f _ \HeKQR[Y¬&[�nhb1yNzhU!f�P S�Ð&S2UvQ _ m�nHQi}�X _ VRSHPWb SÁXhb QgX _ m2n-y'zhU!f�P S¢¯]S2UEP S2\h}�X _ VTSHP�b SMq��>lf�P S|Ð&S2Uve]b SYP m2nh}�XMUcjkSHP V ^ ¬�P QTm2n�S�\�Ð&S2UvQ _ m2nHQNr _ \�f�¯]S2UEP S2\h}�X _ VTSHPWb S2\ ^�_ e�Sk¬>xhnhUcb SHP Q'VTS2\ � ¬ _ U�fhS�\
f�P S!¯.S2UEP S�\h}�X _ VRSHPWb S�S2}MS2\YyEXdb b Q!l�P V�fhS2UvQTS2b }MS2\Cf�P edP VRXdb S�\¡¦�SiQTm�nh\MP VNVkjk[�\YV _ U u [�l«jk[�lC��S2\HQ§P S2UWVTS2\�KS2Ucj ^ S _ egeMS2b XHQTS2UWV<qO>S2U�`aUve�S�}h\MP Q u S2Uve]b SHP m2n¡S2UWyE[�b e2V!Xh\�fhS2\¢� _ \hjiVRS2\�X _ Q
fhS2l �1UczYyNl�P VNVRS2b l!S2UcjMl!Xhb �hb Xh\ � ¬>S2b m2n�SQTm�nH[]\�\�X�m2n4fhS2U�S�U�Q'VTS2\|½��MS2U�XHV§P []\HQNy�[]b eMS|}MS2U�SHP VNQ�X _ y�fhS2ULQk��xHVRS2U�S2\�¦�X _ VRSHPWb eMSi[]l!SkVkUEP S�b P SieMS2\dqO>XHQ�}�SifhS _ VTSkV � f�P S
� _ \hjiVRS�fhS2U�Ò%X�m2nYy�[dUclC}MS2U�SHP m2n�S�¬>S�U�fhS�\�\MP m2nYV&}MS2Ucz�m2j<QZP m2nYVZP e�V<q�`dQ%S�U�eMS2}MS2\
QZP m2n|�M��{|S2­�� _ \hjiVTS � fhS2U�S2\Á�][2QZP VZP []\�S2\�P�\C°(}h}MP�b f _ \He¡�]q �M��fhXMUve�SkQNVTS2b b V�Q§PW\�f)q
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°(}h}MP�b f _ \He¡�]q��Y��qv¥1O�P edP VRXdb P QZP S2U _ \HeCfhS2U>l!XHVkUªP ^ S2\HQTSYP VZP eMS2\|½�}�S�UvÃ]x�m2n�S
æ�ÉËÍ*ç4Ç ÉËÈ¨ÖI×m�¶ÉËÍùòýÍ
ç¶ÉaÍ4Ò¶È Ý�Ý�ÉÙÔ¶ÏËÝB�¶ÉÕÐ æ}ÉEÍ*Ý/Ï¶ÖI×ËÝ'�2ÉËÍ0ÌIõ�ÉËÏËç�Ï4Ò=�j�¶ÉEÍ Ë ÉEÍ"È¨É
O>X4f�P SC`aU�eMS2}h\MP QRQRS#fhS2U�f�P ehP VTXhb P Q§P S2UWVTS2\!½�}MS2UWÃ.x�m2n�S!S2\YVRQi�2U�S<m2n�S2\�f|fhS2U�¯][�b b eMSi[]l!SkVkUªP SC�2[MQZP VZP [�r
\MP S�UvV(¬ _ U�fhS2\ � }MSkÕL\�fhS2\gQZP m2ngf�P S�f�P ehP VTXhb P Q§P S2UWVTS2\¡o�Si[�l!SkViUEP S2\6PWl8�KS2Ucj ^ S _ e]jZ[h[hU�f�PW\�XYVTS2\HQ�JHQ'rVRS2l|q�O>SiQin�Xhb }�jZ[]\h\YVTS�f�P S�X _ VN[]l!XHV§P QTm2n�Sg° _ QN¬>S�UvVRS2Uv[ _ V§PW\�SgyNzhU�Xhb b S�`aUve�S�}h\MP QRQTS u S2UW¬>S2\�fhSkV¬>S2U�fhS2\ � fhX¡}MSHP�Xhb b S2\!X _ Q ^2_ ¬>S2UWVTS2\�fhS2\¡¦�X _ VRSHPWb S2\!f�P S�¹ � J _ \�f ^ rZ®L[h[hU�f�PW\�XHVRS2\#fhS2ULSHPW\ ^ S2b \�S2\
� _ \hjkVTSCjk[�\HQNVTXh\YV>QZPW\�f)qaO�P S#PW\4°�}h}MPWb f _ \He)��q ���CfhXMUve�SkQNVTS2b b VTS2\¡� _ \hjiVRS ^ SHP e�S�\Cf�P S|l!Xh­2b P m2n�S2\°�}i¬>SYP m2n _ \He�S�\�fhS2U)¯.S2UEP S�\h}�X _ VRSHPWb S(P�\|}hb X _ S2\�o�U�Xd�hn�S�\ _ \�f|f�P S�X _ Q�fhS2lÑÐ&S2UvQ _ m2nHQ'¬>S2Ucj ^ S _ eQNVRXdlCl!S2\�fhS2\�`LUveMS2}h\MP QRQTSÁP�\�Uv[2VTS�\�wMXMUc}MS2\dqB¸ _ QTxYV ^ b P m2n6P QNV#fhX�Q�¯aPWl _ b XYVZP [�\HQTS2Uve�S�}h\MP Q
f _ U�m�nSHP�\�S2\Ce]Uczh\�S2\¡o�U�Xd�hn�S�\|fhXMU�eMSiQNVRS2b b Viq
`dQ#ÕL\�fhSkV!SHPW\�S4Ð&S2U�f.U�S2n _ \He¢fhS2U�¦�X _ VTSHPWb e�Si[�l#SZViUEP SCQNVTXYVNV � ¬>S2b m2n�S|f _ U�m2n�f�P S6®L[]lC�MS2\HQTXYVZP [�\\MP m�nYV�S2b PWl�PW\MP S2UWV(¬>S2U�fhS2\�jZ[]\h\YVRSMq&O�P SiQ ^ SYP e2V#QZP m2nÁXh\ÁfhS2\�°�}i¬>SYP m2n _ \He�S�\ÁfhS2U
� _ \hjiVRS¡SHPW\HQ
_ \�f ^ ¬>SHPvq&¦�SHPafhS2lÖ¯.S�UªP S2\h}�X _ VRSHPWbdeMS2b Xh\He-SiQ � f�P SiQTS4Ð&S2U�f.U�S2n _ \He-f _ U�m2n-`.PW\�XMUc}�SHP V!QRS2nhU&e _ VX _ Q ^2_ e�b SHP m�n�S2\dqLO�P S¡� _ \hjiVRS#f.U�SHP _ \�f u P S2U�n�Xh}MS2\ u []lÔ¦�SkViU�XHe�SHPW\�S u S�U�e�b SHP m�nh}�XMU�S|l#Xh­�b P m2n�S°�}i¬>SYP m2n _ \He � Xhb b S�U�f�P�\HeMQ�PW\ _ \YVTS�U�QRm2nMP S<f.b P m2n�S2U © P m2nYV _ \He � ¬>X�QCS�}�S2\YyEXdb b Q#Xh\6fhS2U
¦�X _ VTSHPWb u S2UWrf.U�S2n _ \HeCb P Sie�V<q�¦�SHPHfhS2\�\�X�m2nYyE[�b e�S�\�fhS2\4{|S2­�� _ \hjiVTS�\!jZ[]\h\YVRS � l�P V�° _ Qi\�Xdnhl!S u []\C{|S2­�� _ \hjiV�<� � SYPW\�}�SkQRQTS2U�SiQC`aUve�S2}h\MP Q(S�U ^ P S2b V>¬>S2U�fhS2\dq
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°�}h}MPWb f _ \Hel�]q �2�]qW¥.°�\H[hU�f.\ _ \HegfhS2U1�M��{|SiQRQk� _ \hjiVTS
sW\|°�}h}MPWb f _ \He¡��q �2�gQZPW\�f�f�P SCl!Xd­�b P m2n�S�\4°�}i¬>SHP m�n _ \He�S2\�P�\ mm u []lÖjk[�lC��S2\HQ§P S2UWVTS2\ _ \�fu [�l ¯.S�UªP S2\Y¬>S2Ucj ^ S _ eÁPW\4Ð�P S2b yªXMUc}�S�\�fhXMU�Q'VTS2b b _ \He�Xh}He�S�}MPWb fhSkViq�¸ _ l Ð&S2Uve�b SHP m2n|QZP�\�f�f�P S�l!Xd­�b P rm2n�S�\C°(}k¬>SHP m2n _ \HeMS2\|fhS2U1¯aPWl _ b XYVZP []\HQTS2UveMS2}h\MP QRQTS
S2}MS2\YyªXhb b Q!l4P V�fhXMUve�SkQNVTS2b b V<q
O�P S¢¦�Sk¬>S2UWV _ \He-fhS2U(`aUve�S2}h\MP QNQTS ^ ¬�P QTm2n�S�\gÐ&S2UvQ _ m2nHQ'r _ \�f-¯.S2UEP S2\Y¬>S�U:j ^ S _ e¢S2UWyE[�b e2V�\�X2m�n
^ ¬>SHP){�SkVknH[dfhS2\d¥�S�U�Q'VTS2\HQ>X _ y&¦BXHQZP Q>fhS2U1{|S2­2� _ \hjkVTS�fhSkQ
�BU:zYy'l�P VNVRS2b l!S2UcjMl!Xhb �hb Xh\HQ _ \�f ^ ¬>SYP rVRS2\HQ�¬�PWU�f#f�P S1Ã.x�m2n�S2\h\H[hUcl�P S2UWVTS�l!Xh­2b P m2n�S%°(}k¬>SHP m2n _ \He!zh}�S2UhfhX�Q�e�SiQRXdl(VTS(¦�X _ VRSHPWbY}MSiQNV§PWlCl
V �¬�P S�QZP SÁPW\6°�}HQTm�nh\MP VNV#�.q �]q �ºX _ y(¯]SHP VRSù����S2Ucj2b xMUWV�P QNViq�`dQCQZPW\�f+{|S2­�� _ \hjiVTS u [dUcn�Xh\�fhS2\ � }�SHPfhS2\�S�\�fhXHQ(`LUveMS2}h\MP Q ^ ¬�P QTm2n�S�\4¯.S�UªP S2\Yr _ \�f�Ð&S�U�Q _ m2nHQN¬>S2Ucj ^ S _ e�SHPW\!Xd\�fhS�U�SkQ>Ð%[hU ^ SYP m2n�S2\|n�XHViq
O>SiQin�Xhb }�¬�PWU�f ^2_ U>¦�SiQNV§PWlCl _ \HegfhSiQ4{¡P V'VTS2b ¬>S�UvVNQ#zh}MS2UBf�P S4o�SiQTXhl(Vin�SHP V�fhS2U�{|S2­2� _ \hjkVTS4\ _ UfhS2U�¦�SkViU�XHe�fhS2U>l!Xd­�b P m2n�S�\�°�}i¬>SHP m2n _ \He¢n�S2U�Xh\Ce�S ^ [MeMS2\dqO�P SCP�\C°(}h}MP�b f _ \He¡�]q �M��fhXMUve�SkQNVTS2b b VTS2\6`aUve�S�}h\MP QRQTS�QZP�\�fÁPW\�VTXh}MS2b b XMUEP QTm�n�S2U&w2[hUcl PW\|fhS2\C°�\hb XYr
eMS2\gPW\6®�Xh�MP VTS�b�°(q��CX _ y%¯.SHP VRS#é/��SHPW\ ^ S�b \CfhXMUve�SiQ'VTS2b b V<q

Ã ° _ Q'¬>S2UWV _ \He-zh}MS2UBf�P S¡{|S2­�� _ \hjiVRSM¥aO�P S�¯ _ lCl!S#fhS�U�l!Xh­2b P m2n�S2\�°�}k¬>SHP m2n _ \HeMS2\gzh}MS2Uf�P S(�M�Á{�S2­�� _ \hjiVRS�S2UvedPW}YV�}MSHPWl ¯.S2UEP S2\Y¬>S�U:j ^ S _ e 36, 2 mm � ¬>XHQ�SHP�\�S2Uaf _ U�m2nHQTm�nh\MP VNV'rb P m2n�S2\�°(}k¬>SHP m2n _ \He u []\ 1, 81 mm ` S+{|S2­�� _ \hjiV¡S2\YVRQi�2UEP m2nYV<q(¦�SHP�fhS�l�Ð%S2UvQ _ m2nHQNr¬>S2Ucj ^ S _ e-S2UvehPW}YV!f�P SC¯ _ lCl!S�SHP�\�SC°�}k¬>SHP m2n _ \He u []\ 22, 0 mm
q�O�P SkQ#S2\YVNQi�MUEP m�nYV!PWl

O _ U�m2nHQRm2nh\MP VNV 1, 1 mm ` S�{|S2­2� _ \hjkV<qaO�P S!S2U ^ P S2b VTS!Ð&S�U:}MSiQRQRS2U _ \He-}�SYPWl«jk[�lC��S2\HQ§P S2UWrVTS2\4Ð&S�U�Q _ m2nHQN¬>S2Ucj ^ S _ e6S2\YVNQi�MUEP m2nYV�QR[�l4P V 39, 2 %
q

Ã w.b x�m2n�S2\h\H[hUcl4P S2UWVTS�° _ QN¬>S2UWV _ \He zh}MS2UCf�P S�e�SiQRXdl(VTS�½4}MS2UWÃ]x2m�n�SM¥�O>S2U4°�b e2[dUEP Vknhl _ Q �¬>S2b m2n�S2U�f�P S¡l!Xd­�b P m�n�S2\C°�}i¬>SHP m�n _ \He�S2\ � ¬(P SCQ§P S�PW\|°(}h}MP�b f _ \Heù��q �2�6fhXMU�eMSiQNVRS2b b V�Q§PW\�f �
}�S2U�S<m�nh\�SkV � Q _ lCl�P S2UWV u []\ ` S<fhS2l5w�PW\MP VTS2\#`Lb S2l!S2\YV�fhS�\4¦�SkViU�XHe4fhS2ULl!Xd­�b P m2n�S�\�°�}i¬>SHP rm2n _ \He � l _ b VZP��hb P ^ P S2UWV�l�P V�fhS�U ` Sk¬>SHPWb P e�S2\�w]b x2m�n�S#fhSiQ4`ab S2l!S2\YVRSiQ<qa`dQ�¬�PWU�fgf�P S#¯ _ lCl#Sf�P SiQTS2U�o�UvÀ�­<S�f _ U�m2n#f�P S#o�SiQTXhl
V'Ã]x2m2n�S
e�SkVRSHPWb V � ¬>XHQ�Xhb Q!`aUve�S�}h\MP Q�f�P S(Ã]x�m2n�S2\h\H[hUcl4P S2UWr
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l!Xd­�b P m2n�S
°�}i¬>SHP m�n _ \He6PW\Á{¡PWb b P�l#SZVTS2U

{�SkQRQi� _ \hjiV!Ò _ lCl!S2U

°�}h}MPWb f _ \Hel��q ����qW¥1{�Xh­2b P m2n�S!°�}k¬>SHP m2n _ \He¡fhS2U��2��{|SiQRQi� _ \hjkVTS
VTS�l!Xh­2b P m2n�S!°�}i¬>SYP m2n _ \He6P�l«O _ U�m2nHQRm2nh\MP VNV
}MSiQNVZP�l|l(Viq�¦�SHP�l×¯]S2UEP S2\Y¬>S2Ucj ^ S _ e¡S2UvedPW}YVQZP m2n�SHPW\�S(°(}k¬>SHP m2n _ \He u [�\ 1, 47 mm � }MSHPWl×jk[�lC��S2\HQ§P S2UWVTS2\!�KS2Ucj ^ S _ e|Q§PW\�f¡SiQ 0, 85

mm
p ¦�S2U�S<m2nh\ _ \He#QZP S2n�S�°�}HQTm2nh\MP V'V�°(q��Htiq)s�l×`LUveMS2}h\MP Q%¬ _ U�fhS(SHPW\�S�Ð%S2Uc}�SiQNQTS2U _ \He|fhS2Ul#Xh­�b P m2n�S2\#°�}i¬>SHP m�n _ \He�S2\ _ l 42, 1 %

S2UcU�SHP m�nYV<q

¹ g0ë#g�� £6����î îê�-¤Hk]�Á���#£�¤6�
`dQgQZP�\�f ^ ¬>SHP({�SZVinH[dfhS2\ u [hUve�SkQNVTS2b b V¡¬&[hU�fhS2\ ��_ lØl!Xd­�b P m2n�S6°�}i¬>SHP m2n _ \He�S2\�PWl u PWUWV _ S�b b S2\
`a\YVRQ'VTS2n _ \He2Qi�MUv[ ^ S2­¡l�PW\MP�l4P S2U�S2\ ^�_ jZÀ�\h\�S2\dqO>S2U!S2UvQNVRS2\Â{�SZVinH[dfhSKb P Sie2V¡f�P S-~�n�SiQTS ^2_ e]U _ \�fhS � f _ U�m2n+`aUcnHÀ]n _ \He�fhS2U|¦�X _ VRSHPWb QNVRSHP Õ�e]jkSHP VPWl Qi��xYVTS2U�S2\-~�P Sky ^ P S2nh�MUv[ ^ SiQRQ¡SHPW\�S u S2UcUEPW\HeMS2UWVTS © z�m2jiyES<fhS2U _ \He ^2_ S2Ucn�Xdb VTS2\dq>O>S2U4Ò%X�m2nY¬>SHP Q¬ _ U�fhSgX _ QNQTm2nhb P S�­2b P m2n6l4P V��&PWb yªS�fhS2U>¯aP�l _ b XHV§P []\|e�SZyNzhnhUWV<q&¦�SHPafhS2\6f.U�SHP _ \YVTS2UvQ _ m2nYVRS2\�¦�X _ rVRSHPWb eMSi[]l!SkVkUªP S2\6fhS2U�PW\h\�S�U�S�\�w�Uv[�\YVijMb Xd�h�MSCfhSiQ#Ð&� `d[MQ!¬ _ U�fhSgf�P S|° _ QRe�Xh\HeMQReMSi[]l!SkVkUEP S-U�Skrb XYVZP u-^�_ U4l![df�P Õ ^ P S2UWVTS�\ºo�Si[]l!SkVkUEP Sº� _ \�fèU�S2b XHV§P u�^�_ U�l
[df�P Õ ^ P S2UWVRS2\ºo�Si[�l#SZViUEP S-�+}MSk¬>S2UWr
VRSkV<q>O>S2U�~(n�SiQRS¡yE[]b e�S2\�fKP QNV�f�P S�{C[df�P ÕLjkXHV§P []\¢�6f�P S¡e�zh\HQNVZP e2QNVTS¢¦BX _ VTSYPWb e�Sk[]l!SkViUEP S � eMSkyE[�b e2V
u [�\�fhS�U¡{C[df�P ÕLjkXHV§P []\��]q>°�lAQRm2nhb S<m2nYVRSiQNVRS2\�P QNV¡f�P S-° _ QReMXd\He2QRe�Si[�l!SkViUEP SMq!��l�SHP�\�S-° _ QNrQTXHe�S�zh}�S�U�fhXHQ © z�m2jkyªS<fhS�U _ \He2Q u S2Ucn�Xhb VTS2\6VRxHV§P e�S2\ ^2_ jZÀ]\h\�S2\ � ¬ _ U�fhS�yNzhU ` SifhSº¦�X _ VTSHPWb e�Si[�rl!SkVkUªP S u PWUWV _ S2b baSHPW\�S¡¸1P S2n�Xd\hb X�eMS¡X _ yEe�S�}�X _ Viq>O�P S © z�m2jiyES<fhS2U _ \HeMQRS2Uve�S2}h\MP QNQTS-}�SkQNVTxYVZP eMS2\Áf�P S~�n�SiQTSMq�`dQ|QNVTS�b b V4QZP m2n�SYPW\�S�f _ U�m2nHQTm2nh\MP V'Vib P m2n�S © z�m2jkyªS<fhS�U _ \He�fhS�U�° _ QRe�Xh\HeMQNe�Si[�l#SZViUEP S u [�\
0, 671 mm

SHPW\dq>¦�SHP1fhS2U�{|[df�P ÕLjkXYVZP [�\��6QZPW\�f�SiQ
0, 62 mm _ \�f¿}MSHP1fhS2U#{|[df�P Õ�jkXYVZP [�\Á�
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{�Xh­2b P m2n�S!°�}k¬>SHP m2n _ \HeMS2\ [mm]
®L[]lC�MS2\HQTXYVZP [�\HQN¬>S2Ucj ^ S _ e

¯]S2UEP S2\Y¬>S2Ucj ^ S _ e

¯)PWl _ b XHV§P []\

°�}h}MPWb f _ \Hel�]q �2�]qW¥]Ð&S�U�e�b SHP m�n¡fhS�U>l!Xh­2b P m2n�S2\4°�}k¬>SHP m2n _ \He¡X _ Q4®L[]lC�MS2\HQTXYVZP [�\HQNr _ \�f�¯.S2UEP S�\Yr¬>S2Ucj ^ S _ e _ \�fg¯)PWl _ b XYVZP [�\

0, 659 mm
q�O�P S#�MUv[Me�\H[MQNV§P ^ P S2UWVTS © SHPWn�S2\Yy�[]b eMS#}�SYPMfhS2U © z�m�jiyªSifhS2U _ \HeMQi\�SHP e _ \He#¬ _ U�fhS4UEP m�nYVZP e}MSiQNV§PWlCl
ViqL`�Q�jZ[�\h\YVTS�SHP�\�S © S<f _H^ P S2U _ \He¡fhS2U © z�m2jkyªS<fhS2U _ \He u []\ 7, 6 %

S2U ^ P S�b V�¬>S2U�fhS2\dq¦�SHP�fhS2U ^ ¬>SHP VTS2\�{|SkVinH[dfhS�¬>S2U�fhS2\#f�P S!l!Xh­2b P m2n�S2\(°�}i¬>SHP m2n _ \He�S2\ u [�\�SYPW\�S2l ½4�YV§PWl�P S2U _ \HeMQNrXhb eM[hUEP Vknhl _ Q _ \YVTS2UMÐ&XMUEP XHV§P []\�fhS2U�¦%b S<m2nhn�Xhb VTS�U:j2U�XHy�V _ \�f�fhS2U]¸BP S2nhb SHP QNVTS2\hUcz�m2j2n�Xdb V _ \He(P�\�®L[]l(r}MPW\�XYVZP []\Cl�P V�SHPW\�S2U ^ ¬>SHP yEX2m2n�S�\��ÂPWUcjkÃ.x�m2n�S2\hjZ[�l|�MS2\HQTXYVZP []\ u S2UcUEPW\He�S�UvViqaO�P S(�èPWUcjiÃ]x�m2n�S2\#fhS2U
�KS2Ucj ^ S _ eMeMSi[]l!SkVkUEP S�¬ _ U�fhS2\KS2\YVRQk�MU�S<m2n�S2\�fèfhS2U © z�m2jiyES<fhS2U _ \He jZ[]lC�MS2\HQZP S2UWV � QR[ÂfhXh­�f�P S}MSiQTm2nh\MP VNVTS�\�S�¦�X _ VRSHPWb eMSi[]l!SkVkUEP S|l
ÀMe�b P m2nHQ'V�e�S�UªP�\He�S¡l!Xd­�b P m�n�S!°�}i¬>SHP m2n _ \He�S2\�e�S2l!SiQRQRS2\ ^2_ U¯�[]b b eMSi[]l!SkVkUEP S¢X _ y�¬>SYP QNV<q>¸ _ UF%>}�S2Uc�2U:zYy _ \HeºfhS2UC`aU�eMS2}h\MP QRQRSÁ¬ _ U�fhS¢SHPW\ÁÐ&S2UvQ _ m2nHQ'¬>S2Ucj ^ S _ eeMSkyNU�xHQNV _ \�fÁf�P S�eMS2b XHQTS2UWVTS2\�¦BX _ VTSYPWb S�¬ _ U�fhS2\-l4P V�¦�X _ VTSHP�b S2\¡fhSiQ�¯]S2UEP S2\Y¬>S2Ucj ^ S _ e�SkQ u S2Uve]b P rm2n�S�\dq�O�P S6Ð%[hUve�S�n�S2\HQN¬>SHP QRS�}�SHP%fhS2lGÐ&S�U�e�b SHP m�n�}MS ^ P S�nYV�Q§P m2n�X _ QRQTm2nhb P S2­�b P m2n¢X _ y�f�P SÁS2UvQNVRS
½���S�U�XYVZP []\HQNy�[]b eMSÁl�P V
Xh\HQTm2nhb P S�­<S2\�fhS�l Ó2X�QRS2Uc}�SiQRm2nh\MP VNViq�O�P S6¦BX _ VTSYPWb S�QZPW\�fÁ[]nh\�SC° _ yN\�Xhnhl#S
u S2Ucl!SiQRQRS2\�¬&[hU�fhS2\dqO�P S4l!Xd­�b P m2n�S�\!°�}k¬>SHP m2n _ \HeMS2\!¬ _ U�fhS2\CX _ y ^ ¬>SHP���SYP QTS2\|l�P VTSHP�\�Xd\�fhS2U u S2Uve]b P m2n�S2\dq)O�P S(S2UvQNVRS{|SkVinH[dfhS-}MS ^ P S2nYV�Q§P m2n¢X _ y4{�S2­�� _ \hjiVRS � ¬>S2b m2n�S�X _ QCfhS2l��1UczYyNl�P V'VTS2b l#S�U:j2l!Xdb Qk�hb Xd\¡QNVTXhl(rl!S2\ � ¬&[�}�SYP1}MSHP)fhS2lÔjk[�lC��S2\HQ§P S2UWVTS2\CÐ&S�U�Q _ m2nHQN¬>S2Ucj ^ S _ e¢SHPW\�S © S<f _H^ P S2U _ \He�fhS2U�l!Xh­2b P m2n�S2\°�}i¬>SYP m2n _ \He�S�\ u []\ 39, 2 %

S2U ^ P S�b V�¬>S2U�fhS2\6jZ[]\h\YVRSMqLO�P S ^ ¬>SHP VTS�° _ QN¬>S2UWV _ \He2Qil!SkVinH[dfhSg}MSkr
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O�P S�¸BP S2b QTSkV ^�_ \He�fhS2U u [hUcb P SieMS2\�fhS2\(°�Uc}�SHP V�}�SkQNVTS2nYV�fhXMUEPW\ � X _ y%¦�XHQZP Q&fhS2UBw)`�{4rN¯)PWl _ b XYVZP [�\�SHPW\®L[]\ ^ S2�YV u [hU ^�_ QNVTS�b b S2\ � l�P V�¬>S2b m�n�S2l ¦�X _ VTSHPWb e�Si[�l#SZViUEP S2\¡PWl8S2UvQNVTS�\g¯]m2nhUEP VNV!}�S ^ zHe]b P m2ngPWnhU�S2U© z�m2jkyªS<fhS�U _ \He|f�P ehP VTXhb�[]�YV§PWl�P S2UWV%¬>S2U�fhS2\gjZÀ]\h\�S�\dq)s�l ^ ¬>SHP VRS2\4¯]m2nhUEP VNV&¬�PWU�f¡SHP�\�S(Ð%[hUve�S�n�S2\HQNr¬>SHP QTS�}MSHP�fhS2U&®L[�\HQNViU _ jiV§P []\4fhS2UB¸1P S2n�Xd\hb X�eMS!S2U�XMUc}MSHP VTSZV � f�P S © z�m2jiyES<fhS2U _ \He�S�\ ^2_ }MS2U�S<m2nh\�S�\
_ \�f�Xhb Q4°�\YVc¬&[dUWVCf�P Sg¸BP S2n�Xh\hb X�eMS ^2_�u S�U�xh\�fhS2Uc\ � QN[�fhXd­¢Ucz�m2jiyES<fhS2U _ \HeMQi}MS<f�PW\He�VTS6l#Xh­�b P m2n�S°�}i¬>SYP m2n _ \He�S�\CQR[ge�S�UªP�\He¡¬(P S�l
ÀMe]b P m2n|X _ QNyªXhb b S2\dqO�P S�Ð%[hUve�S2n�S2\HQ'¬>SHP QTSC}�SHP�l S2UvQNVTS�\4¯.m�nhUªP VNV�}MS<f�P S2\YV&QZP m2n4fhS2Ua~(n�SiQRS � f _ U�m2n4f�P S�Ð&S�U�e�UvÀ]­iS2U _ \HefhS2U>¦�X _ VTSHPWb QNVTSHP Õ]e�jkSHP V>SHPW\�S
e�S2UEPW\HeMS2U�S © z�m2jiyES<fhS2U _ \He ^2_ S2Ucn�Xhb VTS2\dqaO�P S�{�SZVinH[dfhS _ \YVRS2UvQ _ m2nYV¦�X _ VTSHPWb e�Si[�l#SZViUEP S2\6PW\-l
[df�P Õ ^ P S2UWVTS2\gÐ%S2UvQZP []\�S�\�U�S�b XHV§P ug^�_ SHPW\�Xh\�fhS2U:q%`dQ#¬>S2U�fhS2\�\H[hUcl�P S2UWVTS
¸)¬>Xd\He2Q u S2UvQTm2nMP S2}He _ \HeMS2\gX _ y>f�P Sg¦�X _ VTSHPWb e�Si[�l#SZViUEP S u XMUEP Xh\YVTS2\4X _ y�e�S2}2U�X�m2nYV _ \�f6fhS2U%o�b SHP m�nYreMSk¬(P m2nYVRQ ^�_ QNVTXh\�f�}�S�U�Sim2nh\�SkV<q�O�P S4f _ U�m2n|f�P Sg¦�X _ VTSHPWb e�Si[�l#SZViUEP S�S2\YVNe�SieMS2\He�S�}MU�X2m�nYVTSg`a\�S2UvedP S¬�PWU�f�}�S2U�S<m�nh\�SkV _ \�f-�MUv[2e]\H[MQ'VZP ^ P S2UWV � fhXd­�f�P S¡¦�X _ VTSHPWb u XMUªP Xd\YVRS � ¬>S2b m2n�S#fhS2\|e]UvÀ]­ZVTS2\¡S2\�S2UveMSkrV§P QTm2n�S2\4�èP fhS2UvQNVRXd\�fgS�U ^ S _ e2V � f�P S#e�S2UEPW\He2QNVTS�\ © z�m�jiyªSifhS2U _ \He�S2\CX _ y�¬>SYP QTS2\C¬�PWU�f)q¦�SHPWl ^ ¬>SHP VRS2\4¯]m2nhUEP VNV � }MSHP�fhS2U&®L[]\HQNVkU _ jiVZP []\#fhS2U�¸BP S2n�Xh\hb X�eMS � ¬�PWU�f¡SYPW\¡®L[�\ ^ S2�YV�S2U�XMUc}�SYP VTSkV �l!Xh­2b P m2n�S>°�}k¬>SHP m2n _ \HeMS2\ � S2}MS2\YyªXhb b Q>l4P V1fhS�UB�&PWb yªS u []\!¸)¬>Xd\He2Q u S2UvQTm2nMP S2} _ \He�S2\ � PW\�SHPW\�S�S2\�S2UWr
eMSkVZP QRm2n�S6o�UvÀ]­iS _ l ^2_ U�S<m2nh\�S2\dq�¸BP S2bLP QNV#SiQ � f�P S¡¸1P S�n�Xd\hb XHe�S _ \�f-fhS�\6~�P Sky ^ P S2nh�MUv[ ^ S2­�QR[ ^�_l
[df�P Õ ^ P S2U�S2\ � fhXd­!fhXHQ#}MSiQTm2nh\MP V'VTS2\�S
¸BP S2nYVRSHPWbd\�X2m�n4QTSHPW\�S�U © z�m2jiyES<fhS2U _ \HeÁl
À2e]b P m�nHQNV>e�S2UEPW\HeMS°�}i¬>SYP m2n _ \He�S�\ ^2_ QTSHP�\�S2UB¯][]b b e�Si[�l!SkViUEP S�X _ y�¬>SYP QNV<q�°�\|fhS2\6¦�X _ VRSHPWb }MS2U�SHP m�n�S2\ � Xh\|fhS2\�S2\|f�P Sl!Xh­2b P m2n�S2\�°�}k¬>SHP m2n _ \HeMS2\�QR[¿eMS2UEPW\He�¬�P SKl
ÀMe�b P m2n�X _ QNyEXdb b S2\�QR[�b b S2\ � ¬>S�U�fhS�\�f�P SK¦�X _ VRSHPWb r}MS2U�SHP m2n�S�f _ U�m2nÁ¸)¬>Xd\He2QTfhSkyE[hUcl!XHV§P []\�S�\6X _ y(PWnhU�S�¯�[]b b X�eMS ^2_ Ucz�m2jie�S<f.Ucz�m2jkV<q%O>Xh}�SHP.¬�PWU�f�fhX�Q
¦�X _ VTSHPWb�\�X�m2n(fhS2l ®L[]\ ^ S2�YV�eMS2b XHe�S2UWV � ¬�P S�SiQ�Qi��xYVTS2U.P�\(fhS2U�{|S2­2b S2nhU�S u [hUve�SiQTm�nhUªP S2}�S�\4P QNV<qhO�P S¦�S2U�S<m2nh\ _ \He¡fhSiQ�S2\�S�U�eMSkVZP QTm2n�S2\�¸ _ QNVTXh\�fhSiQ � ¬>S2b m2n�S2UBf _ U�m2nCf�P S4¸)¬>Xh\HeMQTfhSky�[hU:l!XYVZP [�\�S2\|S2\YV'rQNVRS2nYV � b P SZyªS2UWV#SHPW\�S-`aUve�S2}h\MP QRe]UvÀ]­iSMq>O _ U�m�n6fhS2\�`.PW\HQTXYV ^ SHPW\�SiQC½��YVZP�l4P S2U _ \HeMQTXhb eM[hUEP Vknhl _ QNQTSiQ¬�PWU�f _ \YVTS�U)Ð&XMUEP XYVZP [�\4fhS2U&¦%b S<m�nhn�Xdb VRS2Ucb XHQNV _ \�f¡fhS2UB¸BP S2nhb SHP QNVRS2\hUcz�m2jMn�Xhb V _ \He�PW\¡®�[�lC}MPW\�XHV§P []\l�P V1SHPW\�S2UM�ÂPWUcjiÃ]x�m2n�S2\hjZ[]lC�MS2\HQTXYVZP [�\�f�P S
Ó�ÀMQ _ \He|l�P VBfhS2lèe�S2UEPW\He2QNVTS�\(S2\�S2Uve�SZVZP QTm�n�S2\��ÂP fhS2UWr
QNVRXd\�f u []l8Ucz�m2jie�SkyES<fhS2UWVTS�\ _ \�f�}�SiQRm2nh\MP VNVRS2\�S2\#¸BP S2nYVTSYPWb ^2_ QTSHPW\�S2U)¯][�b b e�Sk[]l!SkViUEP S�}MSiQNV§PWlCl
Viq¦�SHPBfhS�U�½4�YV§PWl�P S2U _ \He u []\�¦�X _ VRSHPWb eMSi[]l!SkVkUEP S u XMUEP Xh\YVTS2\|¬ _ U�fhS�f�P S¢wdUv[]\YVij2b Xh�h��S¡PW\h\�S2\ u []lÐ&�»`.½(¯ _ \YVTS�U�Q _ m2nYV<q�O>Xh}�SYPi¬ _ U�fhS�f�P S>° _ QReMXd\He2QRe�Si[�l!SkViUEP S(l4P V ^�_ QTxYV ^ b P m2n�S2\ u S2UvQNVTSYP yªS2\�fhS�\¯)P m2jkS2\ u S2U�xd\�fhS2UWViqh`�Q�¬ _ U�fhS>f�P S>~(n�SiQRS�X _ yEe�SkQNVTS2b b V � fhXh­>fhXHQ>�2U�[2e]\H[2QNVZP ^ P S2UWVTS © z�m2jkyªS<fhS2U _ \He2QNr
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u S2Ucn�Xhb VTS�\�fhS2U)° _ QNe�Xh\HeMQReMSi[]l!SkVkUªP S�Xdl _ \He]zh\HQNV§P eMQNVRS2\#X _ QNyExdb b V<q]¦BSkQRQTS2U1P Q'V�fhXHQ
`LUveMS2}h\MP Q�fhS2U
{C[df�P ÕLjkXHV§P []\¢Ò�U:q�� _ \�f-Xhl }MSiQNVRS2\�QTm2nh\MP VNV!f�P S6¦BX _ VTSYP e�Si[�l!SkViUEP S|fhS2U
{C[df�P ÕLjiXYVZP []\�Ò�U'q��Xh}dq%w.zhU&f�P SkQTS�f.U�SHP�¦�X _ VRSHPWb eMSi[]l!SkVkUEP S u XMUEP Xh\YVTS2\C¬ _ U�fhS�SHPW\�S|¸BP S2n�Xh\hb X�eMSCX _ y�e�S2}�X _ V _ \�f-f�P S© z�m2jkyªS<fhS�U _ \He u PWUWV _ S2b b.}MS2U�S<m2nh\�SkViq�O�P S
° _ QN¬>S2UWV _ \He�S�U�ehPW}YV�y'zhU�f�P Sg{|[df�P Õ�jkXYVZP [�\gÒ�U:q.�gSHPW\�SÐ&S�U:}MSiQRQRS2U _ \He¡fhS2U © z�m2jiyES<fhS2U _ \He u []\ 1, 8 %

q)¦�SHP�fhS2U&{C[df�P ÕLjkXHV§P []\CÒ�U:q)�4jZ[]\h\YVRS(SHPW\�S�Ð&S2UWr
}MSiQRQTS�U _ \HegfhS2U © z�m2jiyES<fhS2U _ \He u [�\ 7, 6 %

S2U ^ P S�b V�¬>S2U�fhS2\dqL`dQ�}MSk¬>XdnhUcn�SHP VTSkV�QZP m2n4f�P S�~�n�SiQTS �fhXh­#Q§P m2n|f�P S © z�m�jiyªSifhS2U _ \He¢l�P V�Q'VTSHP eMS2\�fhS2U>¦�X _ VRSHPWb Q'VTSHP Õ�e�jiSYP V u S2UcUªP�\He�S2Uc\6b xh­kViq
¦�SHP)fhS2U%½4�YV§PWl�P S2U _ \He¡fhS�U&¸BP S2n�Xh\hb X�eMS#QNVRS2b b V�Q§P m2n�SHPW\�Sg®L[hUcU�S�b XHV§P []\ u [�\ 95 % ^ ¬(P QTm2n�S2\¡fhS2U}MS2U�S<m2nh\�SkVRS2\ © z�m2jkyªS<fhS�U _ \He2QTS2\�S2UvehP S _ \�f¢fhS2\�{|XY¹�P�l#Xhb ¬>S2UWVRS2\�fhS2U�l!Xh­2b P m2n�S2\�°�}i¬>SHP m�n _ \YreMS2\ÁSHPW\dq%¦�SHPBfhS�U&° _ QNe�Xh\HeMQijZ[]\YÕ�e _ U�XYVZP []\�b XHe�S2\�f�P SÁl!Xh­2b P m2n�S2\�°(}k¬>SHP m2n _ \HeMS2\�}MSHP −3, 05}MP Q

+5, 47 mm
qaO _ U�m2n�fhX�Q�½4�YV§PWl�P S2U _ \HeMQ u S2UWyªXhnhU�S�\|PW\¡®�[�lC}MPW\�XHV§P []\|l�P V>SHPW\�S�U ^ ¬>SHP yEX2m�n�S2\�èPWUcjiÃ]x2m�n�S2\hjZ[]lC��S�\HQTXHV§P []\�¬ _ U�fhS2\+f�P S�l#Xh­�b P m2n�S2\º°�}i¬>SYP m2n _ \He�S�\¿X _ y�fhS2\¼¦�S2U�SHP m2n u [�\

−1, 87
}MP Q

+1, 02 mm
U�S<f _H^ P S2UWV<q)¸ _ U¹%>}�S�U:�2UczYy _ \He6fhS2U�`aUve�S�}h\MP QRQTS4¬ _ U�fhS|SHPW\|Ð&S2UvQ _ m2nHQ'r¬>S2Ucj ^ S _ e+Xh\He�SZyªS2UWVZP e2V<q�O�P S�l�P V�fhS2l¾Ð&S2UvQ _ m2nHQN¬>S�U:j ^ S _ eÑn�S2Uve�SiQNVRS2b b VRS2\�~LSHP�b S6¬ _ U�fhS2\+l�P V~LSHPWb S2\�X _ Q�fhS2UL¯.S�UªP S2\h�MUv[df _ jiV§P []\ u S�U�e�b P m2n�S�\dq)O>X�Q>e�SiQRm2n�Xdn�X _ y ^ ¬>SHPh�KSHP QRS2\KO ^�_ l SHPW\�S2\#Xh\fhS2\|f _ U�m2n4fhS2\6�1UczYyNl�P V'VTS2b l!S2Ucj2l#Xhb �hb Xh\(yªSiQ'VRe�S�b Sie2VRS2\Á{|S2­2� _ \hjkVTS2\ _ \�f ^2_ l Xh\�fhS2U�S2\gzh}MS2USHP�\�S|Ã]x2m�n�S2\h\H[hU:l�P S�UvVRS6l!Xh­2b P m2n�SC°(}k¬>SHP m2n _ \HeÁfhS2U>eMSiQTXhl
VRS2\�¦�X _ VTSHPWb e�Si[�l#SZViUEP SMq%s�lÖS2UvQNVRS2\

w2Xdb bhb xd­ZV�Q§P m2n!SHPW\�S�Ð&S�U:}MSiQRQRS2U _ \He u [�\ 39, 2 %
fhSkQ&Ð%S2UvQ _ m2nHQN¬>S2Ucj ^ S _ e2Q�e�Ske�S2\hzh}MS2UafhS�Ua¯.S�UªP SX _ QN¬>SHP QRS2\ � PWl ^ ¬>SHP VRS2\#y'zhnhUvVRS(f�P S
° _ QN¬>S�UvV _ \He�zh}�S2UafhX�Q>e�SiQRXdl(VTSC¦�X _ VRSHPWb ^2_ SHPW\�S2U]Ð&S2Uc}MSiQNrQTS�U _ \He u []\ 42, 1 %

q
O�P SiQRS|°�Uc}�SYP V�¬>SHP QNVC\�X�m2n � fhXh­|f _ U�m2n-{|[df�P ÕLjkXYVZP [�\¡fhS�U>¸1P S2n�Xd\hb X�eMS�Qi�hzhUc}�XMU�S�Ð&S�U:UEPW\HeMS2U _ \YreMS2\�fhS2U�l#Xh­�b P m2n�S2\|°�}i¬>SYP m2n _ \He�S�\Ál
À2e]b P m�n¡QZP�\�f)q1�%X _ �YVTSHP�\YÃ _ ­ZyªXhjiVN[hU&P Q'V
f�P S|± _ Xhb P VRxHV�fhS2U}MS2U�S<m2nh\�SkVRS2\ © z�m2jkyªS<fhS2U _ \He]q�O>Xh}�SHP)¬>XMU�yESiQNV ^2_ QNVRS2b b S2\ � fhXh­6PWl«Ð&S�U�Q _ m2nÁe]UvÀ]­iS2U�S�l#Xh­�b P m2n�S
°�}i¬>SYP m2n _ \He�S�\�Xhb Q�}MS2U�S<m2nh\�SkV#X _ y�ViU�SkVRS2\dq%`aUvQNV4f�P SC¬>SHP VRS2U�S�°�\Y¬>S2\�f _ \He¢fhS2U�XMUvV§P e�S�U%Ð&S2UWyªXhnYrU�S2\6¬�PWU�fºSYPW\�S2\�%�}MS2Uc}hb P m�j¢zh}MS2U�f�P S © P m2nYV§P e]jkSHP V#fhS�U�Xh\He�S2\H[�l|l!S2\�S�\���S�U:jiQNVR[�¨%��XMU�Xdl!SkVRS2U
_ \�f�¦�S2U�S<m2nh\ _ \He2Qil
[dfhS2b b S4S�U�eMS2}MS2\dq]�KSHP VRS2U�S¡w2XdjkVR[hU�S2\ � ¬(P S¡}MSHP Qk�MP S2b QN¬>SYP QTS�f�P S!°(UWV
fhS2U�`�¹HrVkU�Xh�2[]b XYVZP [�\ÁfhS2U�w]b P S2­�j _ U u S¢n�Xh}�S�\ÁSHPW\�S2\�\MP m2nYV _ \Y¬>SiQTS2\YVkb P m2n�S�\�`.PW\YÃ _ ­gX _ y
f�P S6o�zYVTS6fhSiQ¦�S2U�S<m2nh\ _ \He2QTS2Uve�S�}h\MP QRQTSiQiq�¯][�b Xh\He�S�SiQ�\H[dm�n|jkSHP�\�S u S2Ucb xh­2b P m2n�S2\�Ð&S2UWyªXhnhU�S2\
edPW}YV � f�P S�SHPW\HQTm�nhb xHr
ehP e�S2\��KS2UcjiQNVR[�¨%��XMU�Xhl!SkVTS�UaP�l l#S�nhU�X�m2nHQZP e�S2lÑ¯���Xh\h\ _ \HeMQ ^2_ QNVRXd\�f _ \YVTS2UanH[�n�S2U�O�S�nh\ _ \He ^�_l!SiQRQRS2\ � n�XYV4fhS�U�°�\Y¬>S2\�fhS�U�P�\6fhS2U&�KXdnhb.fhS2U
�.XMU�Xhl!SkVTS2U(}MSHPLe�Uv[]­iS2\ºO�SZyE[hUcl#XYVZP []\�S2\g¬>SYP rVRS2\¿¯L�MP S2b U�X _ l|q
O�P SkQTS¿�1Uv[]}hb S�l#XYVZP�j-¬�PWU�fÂQZP m2n u S2UvQTm2n�xMUWyªS2\ � ¬>S�\h\¿fhS2U!°�\YVTSHP�b u []\ÂnH[dm2nYr
_ \�f¿nHÀ]n�S�UvyESiQNVRS2\�¯dVTxhnhb S2\-PW\�¸ _ j _ \Yy�V#QNVTSHP e�S2\Á¬(P�U�f)q�{gP Vg`)P�\HQTXHV ^ f�P SiQTS�U�¯�VRxdnhb S�¬(P�U�f�QZP m�nX _ m2n!f�P S © z�m2jkyªS<fhS2U _ \He2Qi\�SHP e _ \He�S2UcnHÀ]n�S�\ � ¬>SiQin�Xhb }!SHPW\�y _ \hjiV§P []\MP S�U�S�\�fhS2UB{�S<m�n�Xd\MP Qkl _ Q ^2_ U
½��YVZPWl�P S�U _ \HeºfhS2UCl!Xh­2b P m2n�S2\�°�}k¬>SHP m2n _ \HeMS2\¿}MSHP�fhS2U u PWUWV _ S�b b S2\��1b Xh\ _ \He�fhS2U(�KS2Ucj ^ S _ e�S
_ \ u S2U ^ P m2nYVi}�XMU�¬>S�U�fhS�\�¬(P�U�f)q(O>XMUczh}�S�U4nMPW\�X _ Q|QZPW\�f¿½4�YV§PWl�P S2U _ \HeMQil!SkVknH[dfhS2\�PW\�fhS2UCÓ2X�eMS �Ó�ÀMQ _ \He2QiUEP m2nYV _ \He�S2\ÁS2\YVc¬ _ UWyEQNVRS<m2nh\MP QTm�n u [dUcn�S2U ^�_ }�SiQ'VZPWlCl!S2\dq1½4nh\�SÁ`)P�\HQTXHV ^�u [�\-¯)PWl _ b XYVZP r[�\HQi�MUv[Me�U�XdlCl!S2\|¬>XMU�f�P SkQ
PW\CfhS2U�Ð&S2UveMXd\HeMS2\hn�SHP V _ \hl!À2e]b P m2ndq
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¯�¦>qB� � � � � � � � �6eMS2jkS2\h\ ^ SYP m2nh\�SkViq1O�P S�`aU�eMS2}h\MP QRQRS u [�l jZ[]l(r�MS2\HQZP S�UvVRS2\¡�KS2Ucj ^ S _ eÁQZPW\�f�l4P V�®L[�l|�-� � � � ��}�S ^ SHP m�nh\�SkV<q�O�P S4�KS2UWVTS|fhS2U>�M�º{|S2­2� _ \hjkVTSp {6�.q t�QNVRS2b b S2\4f�P S|l!Xh­2b P m2n�S2\�°�}k¬>SHP m2n _ \HeMS2\gU�S2b XYVZP uC^�_ UB¯][]b b e�Si[�l!SkViUEP S!fhXMU'qLs�\|fhS2U _ \YVTS2U�S2\¸LSHPWb S ` SifhS2U(~LXd}MS2b b S6P QNV|SHP�\KO _ U�m2nHQTm�nh\MP VNVNQN¬>S2UWV p O>¯Bq tCXd\HeMSie�S�}�S2\dq�O�P S�`aU�eMS2}h\MP QRQRS-P�\-fhS�\~LXh}�S2b b S2\�Q§PW\�f¡X _ y%SHP�\�S|Ò%X�m2nhjZ[]lCl!XHQNVTS2b b S
eMS2U _ \�fhSkV�PW\ mm X _ e�SieMS2}MS2\ � ¬ _ U�fhS2\4Xdb b S2U�f�PW\HeMQl�P V!l#S�nhU�Ò%X�m2nhjZ[]lCl!XHQNVTS2b b S2\¡}MS2U�S<m2nh\�SZV<q

O�P Sg{�SkQRQi� _ \hjiVRS��g}MP Q!�Y�gfhS2U1¯.S�UªP S2\h}�X _ VRSHPWb S2¥{6�.q � � � � � � � é � �<�
¯�¦>qL� −0, 3 +0, 6 +1, 8 +3, 2 +2, 9 +2, 2 −2, 9 +3, 5 +3, 7 −2, 6¯�¦>q]�

+0, 1 +0, 2 +1, 5 +2, 9 +3, 3 +2, 2 −2, 4 +3, 4 +3, 6 −2, 5¯�¦>q]�
+0, 8 −0, 1 +0, 9 +2, 0 +3, 5 +2, 1 −1, 4 +2, 9 +3, 1 −1, 9¯�¦>q��
+0, 4 0, 0 +1, 3 +2, 3 +2, 2 +2, 0 −2, 3 +3, 4 +2, 8 −3, 3¯�¦>qI�
+0, 2 −0, 2 +1, 1 +2, 7 +2, 1 +1, 8 −2, 6 +3, 7 +3, 3 −3, 3

O>¯Bq
+0, 2 +0, 1 +1, 3 +2, 6 +2, 8 +2, 0 −2, 3 +3, 4 +3, 3 −2, 7

O�P Sg{|S2­�� _ \hjiVRS|�M�¡}MP Q��M��fhS�U1¯]S2UEP S2\h}�X _ VTSHP�b SM¥{6�.q �M� �Y� �Y� �i� �@� �@� �<� �<é �<� �2�
¯�¦>qL� −2, 5 +4, 4 −0, 7 −1, 7 −2, 4 −0, 4 −0, 3 −0, 5 −1, 1 −0, 6¯�¦>q]� −2, 2 +4, 6 −0, 6 −1, 5 −1, 9 −0, 8 −0, 7 +0, 1 −1, 8 −1, 1¯�¦>q]� −1, 6 +5, 7 −0, 4 −1, 0 −1, 3 −0, 2 −0, 1 −0, 4 −1, 1 −0, 4¯�¦>q�� −3, 1 +4, 7 −1, 2 −2, 6 −4, 0 −0, 1 +0, 1 −1, 2 −0, 7 −0, 3¯�¦>qI� −3, 1 +4, 5 −1, 2 −2, 7 −4, 2 −0, 2 −0, 1 −1, 6 −0, 8 −0, 3

O>¯Bq −2, 5 +4, 8 −0, 8 −1, 9 −2, 7 −0, 3 −0, 2 −0, 7 −1, 1 −0, 5
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O�P Sg{|S2­�� _ \hjiVRS|�g}MP Q!�Y�gfhS2U>jZ[]lC�MS2\HQZP S2UWVRS2\�Ð&S2UvQ _ m�nHQNVTSHP�b SM¥{6�.q � � � � � � � é � �<�
®L[]lC�6�

+3, 3 −1, 8 −1, 9 −0, 8 +1, 5 +1, 9 +0, 3 +0, 7 +0, 2 0, 0®L[]lC���
+3, 9 −2, 1 −2, 1 −1, 0 +1, 5 +2, 0 +0, 5 +0, 7 +0, 2 0, 0®L[]lC���
+3, 5 −1, 9 −2, 0 −0, 8 +1, 5 +1, 9 +0, 4 +0, 7 +0, 3 +0, 1

O>¯Bq
+3, 6 −1, 9 −2, 0 −0, 9 +1, 5 +1, 9 +0, 4 +0, 7 +0, 2 0, 0

O�P Sg{|S2­�� _ \hjiVRS|�M�¡}MP Q��M��fhS�U>jZ[�l|�MS2\HQZP S2UWVTS2\4Ð&S�U�Q _ m2nHQNVTSYPWb SM¥{6�.q �M� �Y� �<� �i� �@� �@� �<� �<é �<� �2�
®L[]lC�6� −0, 3 +1, 4 +0, 2 −0, 8 −0, 1 −0, 1 −2, 5 +0, 5 −1, 0 −1, 8®L[]lC��� −0, 3 +1, 6 +0, 2 −0, 9 −0, 2 −0, 2 −2, 6 +0, 7 −1, 3 −2, 0®L[]lC��� −0, 3 +1, 4 +0, 1 −0, 8 0, 0 0, 0 −2, 5 +0, 2 −0, 8 −1, 5

O>¯Bq −0, 3 +1, 5 +0, 2 −0, 9 −0, 1 −0, 1 −2, 5 +0, 4 −1, 1 −1, 8

w.b x�m2n�S2\h\H[hUcl4P S2UWVTS|l!Xh­2b P m2n�S!°�}k¬>SHP m2n _ \HeMS2\�}�SYPWl ¯.S2UEP S2\Y¬>S�U:j ^ S _ e]¥¯ _ l|l!S�zh}MS2U�½4}MS2UWÃ]x2m�n�S `.PW\hn�SHP V ¯]S2UEP S¡� ¯]S2UEP S4� ¯]S2UEP S4� ¯]S2UEP S�� ¯.S�UªP S2�
°�}i¬>SYP m2n _ \He · w.b x�m2n�S mm3 654089 643710 508218 711465 757217½�}�S�UvÃ]x�m2n�S

mm2 446634 446279 445871 445148 445597± _ [2V§P S2\YV mm 1, 46 1, 44 1, 14 1, 60 1, 70
w.b x�m2n�S2\h\H[hUcl4P S2UWVTS|l!Xh­2b P m2n�S!°�}k¬>SHP m2n _ \HeMS2\�}�SYPWl«jk[�lC��S2\HQ§P S2UWVTS2\#Ð&S2UvQ _ m2nHQN¬>S�U:j ^ S _ e]¥¯ _ l|l!S�zh}MS2U�½4}MS2UWÃ]x2m�n�S `.PW\hn�SHP V ®L[]lC��� ®�[�lC�¡� ®L[]lC���
°�}i¬>SYP m2n _ \He · w.b x�m2n�S mm3 369374 400309 370756½�}�S�UvÃ]x�m2n�S

mm2 447005 446776 446710± _ [2V§P S2\YV mm 0, 83 0, 90 0, 83

¦BSYP�fhS2\º¯.S2UEP S�\h}�X _ VRSHPWb S2\-S2UvedP�}YVgQZP m�nºSHPW\�S¢Ã]x�m2n�S2\h\H[hUcl4P S2UWVTS-f _ U�m2nHQRm2nh\MP VNVkb P m2n�S6°�}i¬>SHP rm2n _ \HeMS u []\ 1, 47 mm � }�SYPWl«jk[�lC��S2\HQ§P S2UWVTS2\#Ð&S2UvQ _ m2nHQN¬>S�U:j ^ S _ e u [�\ 0, 85 mm
q
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P g�f#gªí S�m��¢�]�!�Á��¤�m
Ò%X�m2n > ����?Cb xh­ZV�Q§P m2n�f�P S�Ódz�fhS2UvQTfhS2nh\ _ \He p �hb XHQNVZP QRm2n�SºO>S2nh\ _ \He�t�Xh\�¸ _ e u S2UvQ _ m�nHQ u S2UWyªSiQ'VZP re _ \HeMQij _ U u S�\�l4P V�X _ QRe�S��MU�x�e�VTS2UB¯dViU�S<m2jie]U�S2\ ^ S _ \�f6PW\hnH[]l
[2e�S2\�S2l Ð&S�Uvy�[hU:l _ \He2Qi}�S�U�SYP m2n�}MSkr
QTm�nhU�SYPW}�S�\ p ¯aP S2n�S!°(}h}MP�b f _ \HeC°
q���tiq

î�ïeð�Ý�ñ�ñ�Ý	ò�óeô�È
õ Ú
Ý'Û�Ý�á=ö

°�}h}MPWb f _ \HeC°(qW�MqW¥�O>X�Q�Ódz�fhS2UvQi}�Xh\�f¢}MSHPWl×¸ _ e u S2UvQ _ m2n

O�Xh}MSHP)P QNVi¥
Ã εL f�P S¡Ódz�fhS2UvQTfhS2nh\ _ \He p �hb XHQNVZP QTm2n�S�O>S2nh\ _ \He�t
Ã σn < Res

}MS<fhS _ VTSZV�SYPW\�SCnH[�l
[Me�S�\�S#¯���Xh\h\ _ \HeMQ'r _ \�f6O�S�nh\ _ \HeMQ u S2UWVRSHPWb _ \Hegzh}MS2U�f�P S�1Uv[]}MS2\hb xh\He�S p O>S2nh\ _ \He�S2b XHQNVZP QTm2n2t
± _ S2UvQTm2nh\MP V'VRQizh}MS2Uve�xh\He�S(QZPW\�fÁ}�S u [hU ^2_ e�VTS#° _ QReMXd\He2QR[hUWVTS!y'zhU1f�P SC�hb XHQNV§P QTm2n�S�Ð&S2UWyE[hUcl _ \He � fhXnMP S�U�f _ U�m2n|f�P S�®�S�U:}k¬(P�U:j _ \HegSHP�\�S�¯���Xh\h\ _ \HeMQizh}MS2UcnHÀ]n _ \He�SHPW\YVkUEP VNViq

P g�ë#g�� �Á���¾�¢¤�m��¡r&� ì ��kIr[�¾�6�.�
s�l © Xdnhl!S2\ÁfhS2U�°�Uc}�SHP V�QZPW\�f _ \YVRS2UvQTm2nMP Sif.b P m2n�S|¯][�y�Vc¬>XMU�S2�MUv[Me�U�XdlCl!S ^2_ lA`)P�\HQTXHV ^ eMS2jZ[]l(rl!S2\ � ¬>S2b m2n�S4PWlÖw2[�b e�S2\�fhS�\¡PW\|Xdb �hn�Xd}MSkVZP QTm2n�S2U © SYPWn�S2\YyE[�b e�S#X _ y�e�Sky'zhnhUvV�QZPW\�f)¥°�\MPWl!XYVR[hU p o�Ò%¯)t � °�\HQTX p Ó�°>¯.¯)½
t � �BXYVZP X p O�XHQRQTX _ b VTt � o�S2\�S2U�XHVN[hU p o�Ò�¯)t � sWÒ�O(`L`�O p o�Ò%¯.t �Ó2¯�rZOéJh\�X p ÓM¯]~��Bt � {|XHQin�Xdb p sWÒ�� © ½
t � {|S<f�PW\�X p ~%r'¯9JHQNVRS2l
Q§t � Ò�°>¯.~ © °(Ò p {�¯)�1t �½��YVZPWl _ Q p wMSMO>SiQ§P e]\2t � �]Xd\�S2b QinH[]� p s ��°(���Ltiq
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P g���gª÷ �W¿ �¢�]�-¤Hr��'���'���'�¢�N���º£�¤6�����-¤Hr[� �R�HQ6�i£�¤6� Gg�¿¤
º §�r��Aî £6�

O�P ¨�S2U�S2\YV§P Xhb.` u []b _ VZP [�\ > ����?N¥
� x²�lx
y+x � Ç È(Ê!µ ~ · Æ}� ð � ·aµ<Ê �)��Å · ~ Ê �
© SkyES2U�S2\�m<SM¥ © q.¯dVR[hUc\|Xd\�f�®�qB�BUªP m<S > �M�/?O�P ¨�S2U�S2\YV§P Xhb<` u []b _ V§P []\�P Q�X!U�S<miS2\YV�Xd�h�2Uv[�X�m2n�y�[hU�Vin�S�QR[�b _ VZP []\>[2yLU�S<Xhb r u Xdb _ Sif#l _ b VZP r'f�PWl!S2\HQZP []\�Xhb[��YVZPWl�P ^ XHV§P []\4�2U�[�}hb S2l
Q<q�°&Q�P Q&V�Jh�MP miXdb<y�[hU)QNVN[dm2n�X�Q'VZP m�QTS<XMU�m2n!Xhb eM[hUEP Vknhl!Q � f�P ¨�S�U�S�\YVZP XhbYS u [�b _ VZP r
[�\
f�[dSiQ�\H[2V>U�S@U _ PWU�S>Vkn�S�m<Xhb m _ b XYVZP []\�[2y)Vkn�S�QTS2\HQ§P VZP u P VZP SiQiqhsW\�Vkn�S
�2U�[dmiSiQRQ%[2y]Vin�S�[��YVZPWl�P ^ XHV§P []\ �f�P ¨�S�U�S�\YVZP XhbYS u [�b _ VZP []\(e�S�\�S2U�XHVRSiQ�\�Sk¬ ��XMU�Xdl!SkVRS2U u S<mkVR[hUvQ(}AJ!X2fhf�P�\He!Vin�S�¬>SYP e]nYVRS<fCf�P ¨�S2U�S2\�m<S}MSkVc¬>S<S2\KX�fhSZÕ�\�Sif \ _ lC}MS2U
[2y�U�Xh\�f�[]lCb JºQTS2b SimkVTS<f l!S2lC}MS2UvQ�[2y��MU�S u P [ _ Q��M[�� _ b XYVZP [�\�VR[Xh\H[2Vkn�S2U�l!S2lC}�S2U:q&s�\¢P VNQ�}�XHQZP mCQNViU�XYVTSie�J � VinMP Q4P Q!Vkn�S�f�P ¨�S�U�S�\�m<S�[�y�Vc¬&[ u SimkVR[hUvQ4X�fhfhS<f¢VR[¢XVknMPWU�f)¥

v(k+1)
m = x

(k)
r1 + F · (x(k)

r2 − x(k)
r3 )

p °(qW�Yt
y�[dU

m = 1...λ
¬�P Vin

k
Vin�S(e�S2\�S2U�XYVZP [�\�PW\�fhSZ¹ � �!Vkn�SC�2[]� _ b XYVZP []\!QZP ^ S � r1, r2, r3 ∈ [1, λ] � U�Xh\Yrf�[�l|b J4m2nH[2QTS2\4Xh\�f�l _ VRXdb b J!f�P ¨�S2U�S2\YV<qM~(n�S(QNVRS2��b S2\He2VknCP Q�\H[�V>VRXdjkS2\(y'U�[�l5X#ÕdVi\�SiQRQ>QTS2b S<mkVTSifQTSZV&[2y�PW\�f�P u P f _ Xhb Q � } _ V�U�XHVkn�S2U.y'U�[�l X�U�Xh\�f�[]lCb J
QTS2b S<mkVTSif¡P�\�f�P u P f _ Xhbi[�y�Vkn�S#�MU�S u P [ _ Q��M[�� _ b XYrV§P []\dq�~a[ÁPW\�m2U�S<XHQTS�f�P u S2UvQZP V�J¡PW\4Vin�S|�M[�� _ b XHV§P []\ � m2Uv[MQRQR[ u S2U�P Q!P�\YViUv[df _ m<S<f)qa�%S�U�S � ��XMUWVRQ�[�y�Vin�S�2U�S u P [ _ Q4fhSkQZP e]\ u S<mkVR[hU�XMU�S6PW\hn�S2UEP VRS<f�}AJgVkn�SÁ\�Sk¬×fhSiQZP e�\ � yE[]b b [Y¬(PW\He¢X6m<S2UWVTXMPW\¢�MUv[]}�Xh}MPWb P V�JYq

~�nMP Q(U�Simi[]lC}MPW\�XYVZP [�\#QRm2n�S2l!S�P Q�f�P ¨�S�U�S�\YV�Vin�Xh\�¯]S2b y�r'°�fhXd�YV§P u S#U�S<mi[]lC}MPW\�XYVZP []\dq�~�n�S!QRS2b S<mkV§P []\�2U�[dmiSiQRQ!P Q�QZPWl�PWb XMU � P y�Vin�SCU�SkQ _ b VZP�\He�fhSkQZP e]\¡n�X�Q�Xg}MSkVNVRS2UaÕdVi\�SiQNQ u Xdb _ S4P V
U�S2�hb X�m<SiQ(P VRQ!��XMU�S2\YViq¦ _ V-n�S�U�SÁÕ�Vk\�SiQRQ¢P Q�VTSiQNVRS<f+XHe�XMPW\HQNV|Vin�S�f�PWU�S<mZV¢�2U�SifhS<m<SiQRQN[dU � ¬!n�S2U�S�XHQ¡Vin�S-¯.S2b y�r:°%fhXd�YV§P u Smi[�\HQNViU _ mkVNQ�b P QNV�[2y1Õ�Vk\�SiQRQ�[�y%QTS2b S<mkVTSifgQTSkV�[�y���XMU�S2\YVRQ>yNUv[]l5Vin�S
¬!nH[�b S��2[]� _ b XYVZP [�\4mi[�lC��XMU�Sif¬�P Vin�\�SZ¬ e�S�\�S2U�XHVRS<fg[2¨LQi�2UEPW\He.q

� x²�lx�w)x � Ç È(Ê!µ ~ · Æ}� Ê�´ ï ~ Â6³�µ<³ � · ~ ¶ Ç�� À�Ê ÇW� · ~ Ê �
��q�sW\MP VZP Xhb P ^ S p _ Q _ Xhb b J4U�Xh\�f�[]lCb J2t�XC�M[�� _ b XHV§P []\�[2y u S<mZVR[hUvQ p P�\�f�P u P f _ Xhb Q§t � ¬�P Vin4�2[]� _ b XHV§P []\QZP ^ S)ÿ

NP
p \ _ l|}MS2U�[2y��M[hPW\YVRQ§t

�]q�` u Xhb _ XYVTS!ÕdVk\�SiQRQ�[2y%Xdb bdPW\MP V§P Xdb u S<mZVR[hUvQ
[�y��M[�� _ b XYVZP [�\
�]q © S2��SiXHVi¥

i
yNUv[�l

1
VN[
NP¯.S2b SimkV�l _ V _ Xdb b J�f�P ¨�S2U�S2\YV u S<mkVN[hU�Q p _ Q _ Xdb b J���t ~x(g)

r1 , ~x
(g)
r2 , ~x

(g)
r3

yE[hU�U�S2�MUv[df _ mkV§P []\dqd¦ _ PWb f¬>SHP e]nYVRS<f¡f�P ¨�S2U�S2\�m<S u S<mkVR[hU�Xh\�f¡X�fhf|VN[CVkn�S
VknMPWU�f u S<mZVR[hU ~vi = ~x
(g)
r3 +F (~x

(g)
r1 − ~x(g)

r2 )
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¬!n�S2U�S
F
P Q�Vin�S!¬>SHP e]nYV�yEX2mZVR[hU:q.¯]S2b S<mkV p U�Xd\�f�[�l|b J2t�VTXMUve�SkV u S<mkVN[dU ~x(g)

i

Xh\�f�m2Uv[MQNQR[ u S2U
¬(P Vkn

~vi
VR[¡e�SkV�ViUEP Xhb u S<mkVN[dU:q© S

peat n from 1 to D

tni =

(
vn,i rand < CR or n = rand(D) + 1

x
(g)
n,i otherwise

where CR is the crossover rate, D is the dimension of the vector

rand generates random number within [0, 1)

rand(D) generates integer number within [0, D − 1)¯.S2b SimkV!}MSkVc¬>S<S2\4Vkn�S
VkUªP Xdb u S<mkVN[dU ~ti Xh\�f�VTXMUveMSkV u S<mZVR[hU ~x(g)
i
� Vin�S
ÕdV'VTS2U�[]\�S!Q _ U u P u S#VR[Vin�S�\�SZ¹HV�e�S2\�S�U�XYVZP []\dq

~x
(g+1)
i =

(
~vi f(~vi) < f(~xgi )

~xgi otherwise

�.q4�&n�S<m2j!VTS2Ucl�PW\�XYVZP [�\|mi[]\�f�P V§P []\ p VZPWl!S � P VRS2U�XHV§P []\ � \ _ lC}�S�U � ÕdVi\�SiQNQ§t � QNVN[]�gP y�P V
P Q�QTXYVZP QNrÕ.Sif � [�Vin�S2UW¬�P QTS�eM[¢}�X2m2j!VR[gQ'VTS2�|��q
� x²�lx��)x ­ ¶�µi¶ � ³%·d³�µ�ø Æ Ê�Ê�� ~V� È
~�n�S4mi[]\YVkUv[]ba��XMU�Xdl!SkVRS2UvQ�XMU�SM¥
rK�][�� _ b XHV§P []\+¯aP ^ SM¥#~�n�S �M[�� _ b XYVZP [�\+QZP ^ SÂfhSZÕ�\�SkQ�Vin�S¼\ _ lC}�S�U¡[�yÁfhSiQZP e�\ÂVkn�XHV�XMU�SS u Xdb _ XHVRS<f�f _ UEPW\He�SiX2m2n#P VTS2U�XYVZP [�\ p e�S2\�S�U�XYVZP []\2tiq�~(n�S#\ _ lC}MS2ULl _ QNV�}MS8±Â� � [2Vkn�S2UW¬(P QRSVin�SgXhb eM[hUEP Vknhl«e�SkVNQ�ViU�Xd�h�MS<fºPW\�Xd\ÁS2\�f.b SiQRQ¡b [h[��dq1~�n�S-�2[]� _ b XYVZP [�\gQZP ^ S�fhS2�MS2\�f�Q�[�\Vin�S¢\ _ lC}MS2U&[2y(fhSkQZP e]\ u XMUEP Xh}hb SiQiq�° b XMUveMS2U(�M[�� _ b XHV§P []\6PW\�m2U�S<XHQTSiQ�Vkn�SÁ�MUv[�}�Xd}MPWb P V�Jg[2ye]b [�}�Xdb�mi[]\ u S2UveMS2\�m<S � XYV�Vkn�S�mi[2QNV�[2y�l
[hU�S4fhSiQZP e�\|S u Xhb _ XHV§P []\HQiq
rKsW\MP VZP Xhb�QNVRS2�i¬�P fMVknd¥�~�n�SºPW\MP V§P Xhb1QNVRS2��¬(P fMVin+l _ QNV�}MS�m2nH[MQRS2\ºQ _ m2n�Vin�XYVgVin�S-fhSiQZP e�\��XMU�Xhl!SkVTS�U#l!XAJ u XMU­J�X�QC¬(P fhSÁXHQ6�M[2QRQZPW}hb S p _ �h�MS2U!}M[ _ \�f�r�b [Y¬>S2U�}2[ _ \�fdtiq�½4\6Vin�S[2Vin�S�U!n�Xh\�f � Vkn�S¡QNVRS2�6¬(P fMVkn6QinH[ _ b f+}MSgQil!Xhb bLS2\H[ _ e]n6Vin�XYV¡\H[�V�VR[h[¿l!Xh\�J-fhSkQZP e]\HQU�Sim<SHP u S>X#��S�\�Xdb V�J�f _ S�VR[ u P []b XHV§P []\�[2y�Vin�S�}2[ _ \�f�QBXd\�f
mi[]\HQ'ViU�X�P�\YVRQ�XHVLVkn�S(}MSiedP�\h\MPW\He�[2yVin�S�[]�YV§PWl�P ^ XYVZP []\dqH°�e2[h[df¡m2nH[hP m<S!P Q&Xhb ¬>XAJHQ�n�Xdb y.Vin�S�Xhb b [Y¬>S<f u XMUEP XHV§P []\dq�w�[dU)SZ¹2Xhl|�hb S �
yE[hU�X6\H[hU:l!Xhb P ^ S<f u Xhb _ S#[2y%Vkn�SCPW\YVRS2U u Xdb [0, 1)

¥
� ÿ p _ �h��S�U%}M[ _ \�f¡r
b [H¬>S�U�}2[ _ \�fdt � 0, 5 ÿ p _ �h��S�U>}2[ _ \�f¡r(b [Y¬>S2U>}2[ _ \�fdt
!2�
rÁ��SYP e]nYV§PW\He�yªX�mkVN[dU:¥Y°��h�hb JMPW\He�¬>SYP e]nYVRS<f#f�P ¨�S�U�S�\�m<SiQL[2y�Vin�S u XMUEP Xd}hb SiQL[2y�U�Xh\�f�[]lCb J�QTS2b SimkrVTS<f|fhSiQZP e�\HQ>y'Uv[]l Vkn�S4�2U�S u P [ _ Q>e�S�\�S2U�XHV§P []\#m2U�S<XYVTSiQ�X¡\�Sk¬ u S<mZVR[hUL[2yBfhSiQZP e]\ u XMUªP Xd}hb SkQ<qo�[h[df u Xdb _ SiQ¡XMU�S�}MSkVc¬>S<S2\ 0, 5

Xh\�f
1, 0
q%° b [H¬ u Xdb _ S p SMq e]q 0, 5 t|Qib [H¬�Qgf�[Y¬
\¢Vkn�S[]�YVZP�l4P ^ XYVZP [�\Á�2Uv[dm<SiQRQ � } _ V4�2U�[ u P fhSiQ#X-nMP e]n�S2U��MUv[]}�Xh}MPWb P VWJ|[�y�e�b []}�Xhb]mi[]\ u S2UveMS2\�m<SMqL°b XMUve�S u Xhb _ S p 1, 0 t�Qi��SiS<f�Q _ ��Vin�S!Xdb eM[hUEP Vin � } _ V
b [Y¬>S2UvQ�Vin�S|�MUv[]}�Xh}MPWb P V�J![2y�ÕL\�f�PW\He4Vkn�Se]b [�}�XdbM[]�YVZP�l _ l|q
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rKsW\ u S�U�QRS¢m2Uv[2QRQR[ u S�U4�MUv[]}�Xh}MPWb P V�Jd¥%s�\ÁVin�S�S u [�b _ VZP [�\��MUv[dm<SiQNQ � QTS u S2U�Xhb u XMUªP Xd}hb SkQ p e�S2\�SkQ§t
l4P e]nYV�}MS6VRXdjkS2\6yNUv[�lØ�MU�S<fhS<m<SkQRQR[hUvQ¡¬(P VinH[ _ V4X2f `T_ QNVkl!S2\YV<q�s y
Vin�S¢PW\ u S2UvQTSÁm2Uv[MQNQR[ u S2U�MUv[]}�Xh}MPWb P V�J�P Q�b [Y¬ � e2[h[dfÑfhSkQZP e]\HQ¡Q _ U u P u S�b []\HeMS2U:q>~(nMP Q¢P�\�m2U�S<X�QRSiQ¡Vin�SºUªP Qij�[�y4e�SkV'rVZPW\HegVkU�Xh�h�MS<f�PW\Áb [dm<Xhb][]�YVZP�l#Xdqa~�n�SgP�\ u S2UvQTS¡m2Uv[2QRQR[ u S�U!�2U�[�}�Xd}MP�b P V�J|QinH[ _ f�}�S|m2nH[MQRS2\}�SkVc¬>S<S�\

0, 0
Xh\�f

1, 0
q�`h¹d�MS2UEP S2\�miS¡n�X�Q�QinH[Y¬
\CVin�XYV

0, 7
r
0, 85

P Q�XCeM[h[df6QTSkV'VZPW\He]q
r¢° u S2U�X�eMS�QNVN[]�h�MPW\He¡QNVTS2�k¬(P fMVind¥)~�n�S u XMUªP XHV§P []\|[2y&Vkn�S|fhSkQZP e]\ u XMUEP Xh}hb SiQ#P Q _ QTS<fÁX�Q(Vin�SQNVR[��h�MPW\He#m�UªP VTS2UEP [�\�yE[hUdVin�S�f�P ¨�S2U�S2\YV§P XdbkS u [�b _ VZP []\dqhs V&P Q�XHQRQ _ l!S<f#Vin�XYVBX
Qkl#Xhb b u XMUEP XHV§P []\[2y.Xdb bZfhSkQZP e]\ u XMUEP Xd}hb SiQ�m<Xd\!\H[2V&�MUv[df _ m<S>X#b XMUve�S u XMUEP XYVZP [�\(PW\>Vin�S�U _ Xhb P V�JYqk~(n�S>QNVR[��h�MPW\HeQNVTS2�4¬�P fMVkngl _ QNV#}MS#QTSkV!\H[hU:l!Xhb P ^ S<f � }�X�QRS<fg[]\4Vkn�S|b [Y¬>S2U1Xd\�f _ �h��S2U&}2[ _ \�f�Q�[]\4Vin�SfhSiQZP e�\ u XMUEP Xd}hb SiQ<q>~(n�S u XMUªP Xd}hb S�U�Xd\HeMS�P Q-\H[hUcl!Xdb P ^ S<fºVR[Ñ��ÿ p _ �h�MS2UC}M[ _ \�fMrZb [H¬>S�U
}M[ _ \�fdtiq
r�{�X<¹�PWl _ lA\ _ lC}MS2U�[2y�P VTS�U�XYVZP []\HQ<¥�~�n�S6[��YVZPWl�P ^ XHV§P []\-P Q4QNVR[��h��S<fºXYy�VTS�U�XKl!X<¹�PWl _ l\ _ l|}MS2U([�y|P VRS2U�XHV§P []\HQ<q&~�n�SK\ _ lC}MS2U([2y!y _ \�mkV§P []\�S u Xdb _ XYVZP []\HQgP Q<¥�\Yy)ÿ \ _ lC}MS2U([2yP VTS2U�XYVZP [�\HQqù|�M[�� _ b XYVZP [�\�QZP ^ SMq)s yLVinMP Q�\ _ lC}MS2ULP Q%QTSkV u S2U­J�b [H¬ � Vkn�S�[]�YVZP�l4P ^ XYVZP [�\4l4P e]nYV
\H[2V(n�Xd}MS�yE[ _ \�f¡Xh\#[��YVZPWl _ l¼¬
n�S2\#QNVR[��h��S<f)q.s y%P V�P Q�m2nH[2QTS2\#VN[h[ÁnMP e]n � Vkn�S�[]�YVZP�l4P ^ XYrVZP [�\�¬�PWb bdQNVN[]�g¬�P Vkn�Vkn�SCQ'VTS2��¬(P fMVkn¡Q'VR[]�gm2UEP VTS�UªP []\dq�Ó2SiQRQ(Vin�Xh\¢�<��P VTS2U�XYVZP [�\HQ!XMU�S�\H[2V
U�Simi[]lCl!S2\�fhS<f)q

P g ¹ g�� �Á���¾�¢¤�m��¡r&�7½ �¢�4Q��(r&��¿ �
O�P S�Qk��S ^ P Õ�QTm2n�S2\��KS2UcjiQNVR[�¨�SHP e�S�\HQTm2n�XYy�VTS�\ � ¬>S�b m2n�S�y'zhU)f�P S�¯aPWl _ b XYVZP [�\�S2\ u S2UW¬>S2\�fhSkV�¬ _ U�fhS2\ �QZP�\�fÁPW\|f�P SiQTS�l °�}HQTm�nh\MP VNV�fhXMUve�SiQNVRS2b b Viq
� x� ¡x
y+x ��~ ³%´�� ~ ³ Æ ��·d¶ Æ#Ç ï�úÙ ��¡ï
± _ S2UcjZ[]\YViU�XhjiV§P []\d¥ 0, 3Ð&S�UvyESiQNV§P e _ \He2Qil
[dfhS2b b�¥��>PWb b ri{C[dfhS2b b�l�P V
jk[�\HQNVTXh\YVTS�U>jHPW\�S2l!XYVZP QTm�n�S2UaÐ&S2UWyªSkQNVZP e _ \He�èPW\hjkS2b `hrk{|[df _ b RP0.2 AG

¸ _ e2yESiQNVZP e]jkSHP V © rc��S�UvV °
80

\
[Grad] [N/mm2] [N/mm2] [%] [N/mm2] [−] [mm2] [−]

0, 0 174000 153, 0 23, 0 315, 0 1, 82 44, 5 0, 228

45, 0 175000 161, 0 22, 0 325, 0 1, 34 42, 5 0, 217

90, 0 177000 157, 0 24, 0 313, 0 2, 12 43, 5 0, 225
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o�U�S�\ ^ yE[hUcl!xd\�fhS�U _ \He2Qij _ U u S�O¾3��2�]O w]b P S2­�j _ U u S2\�O43����.O

û,üCý

σ[N/mm2]

û,üCý
1

û,üCý
2

� x� ¡x�w)x ��~ ³%´�� ~ ³ Æ ��·d¶ Æ#Ç µ w�¢Uþ Ð�� ï
± _ S2UcjZ[]\YViU�XhjiV§P []\d¥ 0, 3Ð&S�UvyESiQNV§P e _ \He2Qil
[dfhS2b b�¥��>PWb b ri{C[dfhS2b b�l�P V
jk[�\HQNVTXh\YVTS�U>jHPW\�S2l!XYVZP QTm�n�S2UaÐ&S2UWyªSkQNVZP e _ \He�èPW\hjkS2b `hrk{|[df _ b RP0,2 AG

¸ _ e2yESiQNVZP e]jkSHP V © rc��S�UvV °
80

\
[Grad] [N/mm2] [N/mm2] [%] [N/mm2] [−] [mm2] [−]

0, 0 210000 250, 0 19, 4 250, 0 0, 76 37, 0 0, 188

45, 0 210000 265, 0 20, 4 265, 0 1, 00 36, 0 0, 186

90, 0 210000 274, 0 19, 6 274, 0 0, 98 33, 0 0, 184

o�U�S�\ ^ yE[hUcl!xd\�fhS�U _ \He2Qij _ U u S��¾3����2�]Ó�°(O w]b P S2­�j _ U u S2\��43��/�M��Ó2°(O

û,üCý

σ[N/mm2]

û,üCý
1

û,üCý
2
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P g�ÿ#g�� �]�����]��î î �N�Á�.�6�����¢�Wr
� x�¢)x
y+x�� ³�µ<¶ � ³ � È Ç ³ ~EÅ�Æ}��� È
¸ _ lÖ`)P�\HQTXHV ^ jZ[]lCl(V�f�P S!Xdb b e�S2l!SHP�\�S|l!XHVkn�S2l!XHV§P QTm2n�S|¦�S2UvQTm2nhU�SHPW} _ \He�SYPW\�S2U�o�S2U�X2fhS2\ > �M��?N¥

G = ~a1 + r ·~b1 = ~P1 + r · (~P2 − ~P1) =

0
B@

P1x

P1y

P1z

1
CA+ r ·

0
B@

P2x − P1x

P2y − P1y

P2z − P1z

1
CA

p °(q �Mt

O�P S¡w�[hUcl _ b P S2U _ \He|y'zhU&o�S2U�X�fhS2\�jZ[]lCl(V#}MSHPWl5°�}HQNVTXh\�f�Qi}MS2U�S<m2nh\ _ \He2QTXdb eM[hUEP Vinhl _ Q ^�_ lÖ`)P�\YrQTXYV ^ q.`dQ�¬�PWU�f|fhS�U.°�}HQNVRXd\�f4SHP�\�SiQ�� _ \hjkVTSiQ%S�\YVib Xh\He�fhS2Uao�S2U�X2fhS�\ ^�_ SHPW\�S2U]f�P S(o�S2U�X�fhS�QTm2nh\�SHP rfhS2\�fhS�\6`L}MS2\�S�}MS2U�S<m2nh\�SZV<q
� x�¢)x�w)x Á ~V�2� ³ Ç �1É ~ � Å�Æ ³ � �BÉ¿³ ~ � ³�µ<¶ � ³ �
O>S2U1¯.m2nh\MP VNVc¬(P�\hjiS�b

α ^ ¬>SHP S�U�\�X�m2nC°(q �-}�SiQRm2nhUEP S2}MS2\�S2U�o�S2U�X2fhS2\6}MS2U�S<m2nh\�SkV�QZP m2n > ���A?N¥
cos α =

~b1 ·~b2
|~b1| · |~b2|

p °(q �Mt

{¡P V
α = �

“
~b1, ~b2

”
= � (G1, G2)O>S2Ua�èPW\hjkS2b ^ ¬�P QTm2n�S2\ ^ ¬>SHP)o�S2U�X�fhS2\�¬�PWU�fÁ}MSHPWl Ð&S�U�e�b SHP m�n�S2\ u [�\ ^ ¬>SHP]o%Sk[]l!SkViUEP S�\g}�S�U�Sim2nYr

\�SkViq]° _ QReMSie�S�}�S2\C¬>S2U�fhS2\6l!Xh­2b P m2n�S!°�}i¬>SYP m2n _ \He�S�\�PW\¡o�U�X2f)q
� x�¢)x��)x � �!³ � ³ � È Ç ³ ~EÅ�Æ}�}� È
`.PW\�S|f _ U�m2n�f�P S6� _ \hjkVTS P1

� P2
_ \�f P3

fhSkÕL\MP S2UWVTS6`a}�S2\�S4¬�PWU�f�f _ U�m2n¡y�[]b eMS2\�fhSgo�b SYP m2n _ \He}MSiQTm2nhUEP S�}�S2\ > �M� � �2�/?N¥
E = ~a+ s ·~b+ t · ~c = ~P1 + s · (~P2 − ~P1) + t · (~P3 − ~P1)

p °(q ��t

=

0
B@

P1x

P1y

P1z

1
CA+ s ·

0
B@

P2x − P1x

P2y − P1y

P2z − P1z

1
CA + t ·

0
B@

P3x − P1x

P3y − P1y

P3z − P1z

1
CA

O�P S�`a}MS2\�S2\He]b SHP m2n _ \Heºb xd­ZV4QZP m2n�Xh\Y¬>S2\�fhS2\ � fhX ` S<fhSkQ¢w�P�\MP VTS-`ab S�l#S�\YVCXdb Q�O(U�SHP S<m2j ^ S2Ucb Sie2V¬>S2U�fhS2\¢jkXd\h\dq�O�P SCf.U�SYPB®�\H[2VRS2\�fhSkQ�O�U�SHP S<m�j<Q�QNVRS2b b S2\ ` Sk¬>SHP�b Q
f�P SCf.U�SYP�� _ \hjiVTS#y'zhU&f�P Sg`a}MSkr\�S2\He�b SHP m�n _ \He6fhXMU'qa¸ _ U(�1UczYy _ \He � []}gSHPW\gX _ y�SHPW\�S6`a}�S�\�S6�2U�[ ` P ^ P S2UWVTS2U(� _ \hjkV#PW\h\�S2Ucn�Xhb }�fhS2U`a}MS2\�S�[dfhS2U#X _ ­iS2Ucn�Xdb }+b P Sie�V � ¬>S2U�fhS2\�yE[�b e�S2\�fhS¿¦�S<f�P�\He _ \He�S�\¿}�SZViU�X2m�nYVTSkVi¥ 0 ≥ s ≤ 1
O

0 ≥ t ≤ 1
O
0 ≥ s+ t ≤ 1

q
¯)PW\�f�Xhb b S6¦BSif�PW\He _ \HeMS2\6S2UWyNzhb b V � QR[K}�SkÕL\�fhSkV!QZP m�nÁfhS2U(�MUv[ ` P ^ P S2UWVTSÁ� _ \hjiV4PW\h\�S2Ucn�Xhb }�fhSkQ4X _ QfhS2\|f.U�SHPL� _ \hjiVRS2\CX _ yEe�SkQi��Xd\h\YVRS2\6O�U�SHP S<m2jiQ<q
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� x�¢)x²�lx ��Ç ³ � ³ � · �)þ�Å�Æ ³ � �
³�µ<³ Å�Æ}���}� È
Ò%X�m2n > �M� � �2�/?
}�S2U�S<m�nh\�SkV#Q§P m2n6f�P S u []\ÁfhS�\ ^ ¬>SYPLÐ&S2jkVR[hU�S2\ ~a _ \�f ~b X _ y�e�SiQk��Xd\h\YVRS¢w.b x�m2n�SfhSiQ4�]XMU�Xdb b S2b [2e]U�XdlCl
Q � ¬�P S|PW\�o�b SHP m2n _ \He�°(q ��fhSkÕL\MP S2UWViq

~a

~b

ϕ

°�}h}MPWb f _ \HeC°(q �]qW¥1`ab S2l!S2\YV'Ã]x2m2n�S

2 · A = |~a| · |~b| · sin ϕ = |~a×~b| p °(q �Mt
O�P S4`ab S2l!S2\YV'Ã.x�m2n�S(SHPW\�SkQ!O�U�SHP S<m�j<Q%¬(P�U�f6l�P V

A
}�S ^ SHP m�nh\�SkV<q]sW\Co�b SHP m2n _ \He|°(q �C¬�PWU�f¡fhS2U�w.b xYrm2n�S�\MPW\hn�Xdb V#SYPW\�SiQg�]XMU�Xdb b S2b [Me�U�XdlCl
Q4X _ QRe�S2U�S<m�nh\�SkV � ¬>S2b m2n�S�U�SZ¹2XhjiV�f�[]�h�MS2b V#QR[�e]Uv[�­¢P QNV!¬(P S

fhS2U1fhSiQ4O�U�SHP S<m�j<Q<q

� x�¢)x� ¡x ¸ Ê
µ � ¶ Ç ³ � �
³�µ<³ Å�Æ��}�}� È
O>S2U�°�}HQNVTXh\�f�Qi}MS2U�S<m2nh\ _ \HeMXdb e2[hUªP Vinhl _ Q�}MSiQNV§PWlCl
V u []\ ` S<fhS�l¼X _ Q ^�_ U�Sim2nh\�S2\�fhS2\4`ab S�l#S�\YV%f�P S`ab S2l!S2\YVk\H[hU:l!Xhb SMq>O>X ^�_ f�P S2\YV4fhXHQ6®�U�S _H^ �MUv[df _ jiV u [�\ ~b _ \�f ~c X _ QCfhS�U�`a}�S�\�S2\He]b SYP m2n _ \He°(q �]¥ ~b × ~c q
O�Xh}MSHP�n�Xh\�fhS2b V¡SiQ�QZP m�n _ lASHP�\�S2\�Ð&S2jkVR[hU � ¬>S2b m2n�S2U�PWl ��UvQi�2U _ \He¿fhSiQ�®L[h[dUWrf�PW\�XYVTS�\HQ�JHQNVTS�l!Qgb P Sie2Viq&O _ U�m2ng°%fhf�P VZP []\g¬�PWU�f�S2U�PW\ÁfhS2\�`ab S2l!S2\YVkl4P VNVTS�b � _ \hjiV(fhSkQ�O(U�SHP S<m2j<Q
u S2UvQTm�nH[]}MS2\dq
� x�¢)x�¢)x �����]·d¶ ��� �4�
³�µ<³ Å�Æ��}�}� È
`dQ�ehPWb V

G = E
qa`dQ�S2UvehPW}YV�Q§P m2nCSHP�\¡b À2Qi}�XMU�SiQ(o�b SHP m2n _ \HeMQRQVJHQNVTS2l|q��KS2U�fhS2\CX _ Q�fhS�\|o�b SHP m�n _ \YreMS2\�°(q � _ \�f�°(q � r � s _ \�f t }MSiQNV§PWlCl(V _ \�fºSYPW\He�SiQRSkV ^ V � QN[KS�U�ehPW}YV4QZP m2n�Xhb Q6`aUve�S2}h\MP Q|SHP�\� _ \hjkV<q]O�P SiQTS2U%� _ \hjiV�b P Sie2V>X _ yBfhS2UBo�S2U�X2fhS�\ G _ \�f|fhS�U%`a}�S2\�S E

q.O�X#f�P S!o%S�U�X�fhS4\H[dUcl�P S2UWV
P Q'V p fhS2UB°�}HQNVTXh\�f ^ ¬�P QTm2n�S�\ P1

_ \�f P2
}�SZViU�x�e�V

1 mm
t � P QNV r fhS2U1°�}HQNVRXd\�fÁP�\ mm q
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� x�¢)x�·)x � � ·dÊ)ê
Ê�� ~ · ~ Ê �+~ ³�µ �}� È
¸ _ U�° _ Q'¬>S2UWV _ \He¡l!Xh­2b P m2n�S2Ud°�}i¬>SHP m2n _ \He�S2\�¬(PWU�f4f�P S
�1b XYVZPW\�S u []\
SHP�\�S2lÑ�]O%rcÐ%[]b _ l!S2\hjZÀhUc��S�UPW\#SHPW\�S(¯]m2n�Xdb S([�nh\�S|`ab S�l#S�\YVTf�P m2jkS�eMSk¬>Xh\�fhS2b V<q.O�P S(° _ VN[]�2[MQZP V§P []\MP S2U _ \He¡}�S ^ SHP m�nh\�SkV>f�P S4�][�rQZP VZP [�\MP S2U _ \He6fhS2U>¯][�b b eMSi[]l!SkVkUªP S|eMSie�S2\hzh}MS2U>SHP�\�S2U�Ucz�m2j<eMSkyªS<fhS�UvVRS2\��Bb XHV§PW\�SMq�O�P SCS2UvQNVRS-Ó2X�eMSkrU _ \HeMQk}�S<f�P�\He _ \HeÁfhS2U © z�m2jkyªS<fhS�U _ \He2QRQZPWl _ b XYVZP []\ ^ SHP e2V!f�P S|¯�VTS�b b S4Xh\ � ¬>S2b m2n�S�zh}�S�U�SYPW\�Xd\�fhS�UvreMS2}MU�X�m2nYV¡¬>S2U�fhS2\�QN[]b b�q(O�P S�¦�Sk¬>Sie _ \He2QiUEP m2nYV _ \He¿S2UvedP�}YVgQZP m�n�X _ QgfhS2U!¯�VTS _ S2U�fhXHVRSHP � QZP S�P QNVP fhS�\YVZP QTm�n ^2_ U1¸BP S2nhUEP m2nYV _ \He.q�° _ QReMS2n�S2\�f u [�l © SkyªS2U�S2\ ^ jM\H[�VTS2\|fhS2U&Ucz�m2jie�SkyES<fhS2UWVTS2\|o%Sk[]l!Skr
VkUªP S!¬(P�U�f�f�P SCo�S2U�X2fhS2\He�b SHP m�n _ \He�PW\C¸1P S�nhUªP m2nYV _ \He�X _ y�e�SiQ'VTS2b b V p °(q ��tiqBw.zhU ` S<fhSiQ4`ab S2l!S2\YV�fhS2U¯�[]b b eMSi[]l!SkVkUEP S�¬�PWU�f4fhX�Q>o�b SYP m2n _ \HeMQNQ�JHQNVTS�l¼X _ yEeMSiQNVRS2b b V _ \�f�e�S2b ÀMQNViq]O>XHQ ` S2\MP eMS#`ab S2l!S2\YV � ¬>S�b rm2n�SkQ�SHP�\�SCÓ�ÀMQ _ \Heg}MP SkVTSZV � }MSHPMfhS2UafhS2U��1Uv[ ` S2jiV§P []\HQi� _ \hjkV�PW\h\�S2Ucn�Xhb }
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