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Abstract    Circular base plates are commonly used for pipe columns, such as pylons in cabled-stayed bridges, lighting 
poles and electric power line posts. Against rectangular base plates, an exact method has not been presented about 
design of circular base plates in the classified and well-documented form. Therefore, this paper by expression of 
mathematic formulas describes on exact method to design these plates which use of this method requires an iteration 
approach to solve the equilibrium moment equation. Then it compares by presented graphs obtained designing results 
from exact and existing method [1], in return for different design parameters and demonstrates safe limits to use of 
approximate method. The results show that approximate method commonly will not be safe and can demonstrate 
reasonable results under specified conditions. Whereas exact method has been presented in this paper is safe and replies 
reasonably under any conditions. 
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        ŰƠƇŠƽŚě��ƾƯ�ƱƺŤſ��ƽŹřŸĭŹŚŝ�šǇŚů�ƶſ�źŧř�ŢŰţ�ŶƳřƺţ
ŵƺƃ�Ɩƣřƹ��

�
Î� ƆƫŚų�ƽŹƺŰƯ�ŹŚŝ�
Ï� �ƦģƺƧ�ƾƄưų� źĮƴƫ� ƹ�ƽŹƺŰƯ� ŹŚŝ��ŢŰţ� ƶƧ�ƽźĮƴƫ

ŶŤƠǀƳ�ƂƄƧ�ƶŝ�ŹŚƸƯ�ƪǀƯ�ƲƿźţŹƹŵ�İŤů�Ʊō�źŧř��
2R

0 e
4 y1

 �� 

Ð� �īŹżŝ�ƾƄưų�źĮƴƫ�ƹ�ƽŹƺŰƯŹŚŝ�ƶŝ�ƽŹƺƏ��źŧř�ŢŰţ�ƶƧ

ƶŤſŵ�Ʊō�Ư�Żř�ƽřƾƯ�ƂƄƧ�ƶŝ�ŚƷŹŚƸƯ�ƪǀ�ŶƴŤƟř��
2R

e
4 y1

���

�
R        �źƿřŵ�ƱƺŤſ�ƶŰƠƇ�ƕŚƘƃƵ�ř�ƽ�Y1ƬƇŚƟ�ŠƪǀƯ�ƲƿźţŹƹŵ���ŹŚƸƯ

ƹ�ƱƺŤſ�ŹƺŰƯ�Żř�e�Ţſř�ŹŚŝ�ŢƿŹƺŰƯ�Żř�ũƹźų���ƶŝ�ƶƫŚƤƯ�Ʋƿř
ŰƠƇ�ƾţŚŞſŚŰƯ�Ƣǀƣŵ�ƁƹŹ� ƶŗřŹřŠƽŚě��� ƱƺŤſźƿřŵƵ�řƽ�ŢŰţ�

ƾƯ�ƭƺſ�ƕƺƳ�ƽŹřŸĭŹŚŝ�ŵŻřŵźě� ��ƲǀǀƘţ�ƽřźŝƺŰƳ�Ƣǀƣŵş�ƖƿŻƺţ�
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ƶŝ� řŹ� ơŹƹ� ÅǇƺưƘƯ� �ƾě� ƹ�ƾƯ� źƔƳŹŵ� ŜƬƇ� šŹƺƇ�ŶƳźǀĭ��
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2R

x
4e

ƶƧ� Ŷƃ� ŶƷřƺųX ƬƇŚƟ�Š�ƾƳŚǀƯ� ŹƺŰƯ� Śţ� ƾŨƴų� ŹŚţ�
Ţſř�ƶŰƠƇ��ƶūƺţŚŝ�ƾƳŚƯŻ�Śţ�ƪƨƃ�ƶŝ�ƶƧ�X��ƲǀŝY1ƹ��R�Źřźƣ�
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ŝ�ŢſřŢſř�šƹŚƠŤƯ� ÅǈƯŚƧ� ƽŹřŸĭŹŚŝ� šǇŚů� źĮƿŵ� Ś� ��Ʋƿř� Źŵ
�ŽŚưţ� ƪŰƯ� Żř� ƾŤưƀƣ� Źŵ� ƾƄƄƧ�Ƃƴţ� ŵŚŬƿř� ƱŚƨƯř� �ŢƫŚů

ŝ�ƾě�Śŝ�ƶŰƠƇƶ�İƯ�ŵƺūƹ�Ŷƿō���ƪưŰţ�ƶŝ�ŹŵŚƣ�ƶŰƠƇ�ƹ�İě�Ʊƺģ
Ƃƴţ�ŤƀǀƳ� ƾƄƄƧ� ƽŚƷŶƴƪǀƯ� Żř� ƾŤƀƿŚŝ� ���ƪưŰţ� ŢƸū� ŹŚƸƯ

įŚě�šŚŰƠƇ�ƾůřźƏ�Źŵ�ƂƄƧ�ŵźƧ� ƵŵŚƠŤſř�ƱƺŤſ� �ƪƨƃ�Źŵç�
ƴţ�ƖƿŻƺţƗƺưŬƯ�ƽřźŝ�ƂƳźƧ�ƹ�ƂŠ�ŹŚŝ�ŢŰţ�ƶŰƠƇ�ƹ�ƱƺŤſ�

�Żř�źŤĭŹżŝ�ŢƿŹƺŰƯ�Żř�ũƹźų�Śŝ�ƽŹƺŰƯ
2R

4 y1
�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�

Ţſř��ƮǀŤƀƷ�ƶūřƺƯ�ƩƺƸŬƯ�ƶſ�Śŝ�ƽŹřŸĭŹŚŝ�ŢƫŚů�Ʋƿř�Źŵ��
�

æ� fp��ƽŹŚƄƟ�ƾſŚưţ�Ƃƴţ�źŨƧřŶů� 

ç� A� �ŰƠƇ� Żř� ƾƫƺƏŠƽŚě��Ƃƴţ� ƶƧ� ƱƺŤſ��ƾſŚưţ� ƽŚƷ
ƾƯ�ƪƤŤƴƯ�ƾě�ƶŝ�řŹ�ƽŹŚƄƟ�ŶƴƧ� 

è� T� �ƪǀƯ� Źŵ� ƵŶƃŵŚŬƿř� ƾƄƄƧ� ƽƹźǀƳ� Ŷƴƿōźŝ��ƽŚƷŹŚƸƯ
ƂƄƧ�ŢŰţ� 
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��������ƾůřźƏ�Źŵ�ƽŹŚºƄƟ�ƾſŚưţ�Ƃƴţ�źŨƧřŶů�fp�Ƃƴţ�źŝřźŝ�řŹ�
ƽŹŚƄƟ�ƾſŚưţ�ŻŚŬƯ�fp�ƾƯ�ŶƳźǀĭ���ƶŝ�šǇƺººƸŬƯ�ŵřŶƘţ�ƲƿřźŝŚƴŝ

ƾƯ� ƂƷŚƧ� ƹŵ�řźŝ� ƹ� ŶŝŚƿįƀƯ� ƪů�Ř� ƶŝ� ƶƬƶƫŵŚƘƯ� ƹŵ� ƶŝ� ŻŚǀƳ�
Ţƃřŵ�ƮǀƷřƺų��ƴţŹŚŞƗ�šǇŵŚƘƯŻř�Ŷ��

ƞƫř��ƫŵŚƘƯŠƶŰƠƇ�źŝ�ŵƺưƗ�ƽŚŤſřŹ�Źŵ�ŚƷƹźǀƳ�ƩŵŚƘţ���
�

ƶƐŝřŹ�ç��������������������������F 0 P T R
n c
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P        � ��ƽŹƺŰƯ� ƽƹźǀƳT � ��ƪǀƯ� ƾƄƄƧ� ƽƹźǀƳ� Ŷƴƿōźŝ
ƹ�ƂƄƧ�ŢŰţ�ƽŚƷŹŚƸƯ�RC� ��Ţſř�ƾſŚưţ�ƽŹŚƄƟ�Ƃƴţ�Ŷƴƿōźŝ

ƾƯ�ŵŹřƹ�Ƃƴţ�ƮŬů�żƧźƯ�Źŵ�ƶƧ�ŵƺƃ��
ś��ƩŵŚƘţ�ƶƫŵŚƘƯƵřƺŴƫŵ�ƶƐƤƳ�źƷ�Źŵ�źĮƴƫ���
�

M 0
O
�

ƶƐŝřŹ�è���P(A R ) P.e T (A (A R )) x dR
c
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�

        A��ƬƇŚƟŠ�����ƪºǀƯ�ƾƄƄƧ�ƽƹźǀƳ�Ŷƴƿōźŝ������ŢºŰţ�ƽŚºƷŹŚƸƯ
Ţſř�ƱƺŤſ�ŹƺŰƯ�Śţ�ƂƄƧ��ƾƯ�ƮǀƳřŵ��

�
x dR x R M

c c c c
  �

��������xc� �ƬƇŚƟŠŹŚƄƟ�Ƃƴţ�ƮŬů�żƧźƯ�ƐƤƳ�Śţ�ƽŠ�źƠƇ�Ƃƴţ�
ƹ�MC� �ƾſŚưţ�ƽŹŚƄƟ�Ƃƴţ� Ŷƴƿōźŝ� Żř� ƾƃŚƳ� źĮƴƫ�(RC)��Ʃƺů

ƐƤƳŠŢſř�źƠƇ�Ƃƴţ����
�

P (A R e) T(A R A ) M
c

      �
�

��������įŚū�Śŝ�ƫŵŚƘƯ�įŹřŸĭŠ��ç���Źŵ�è��Ţƃřŵ�ƮǀƷřƺų��
�

ƶƐŝřŹ �é�����P (e A ) R (A R A ) M
c c

      �
�

��������ƾƯ�ŢŝŚŧ� ƶƯřŵř� Źŵ�ƐŝřŹ�šǇƺƸŬƯ� ƶƧ� ŵƺƃŠ�ƾĮưƷ�ơƺƟ�
ƺţŻř�ƾƘŝřA ŵŹřŵ�ƪƤŤƀƯ�ƩƺƸŬƯ�Ʀƿ�ƎƤƟ�ƶƫŵŚƘƯ�Ʋƿř�ƹ�ŶƴŤƀƷ���

řŶŤŝřA�ƬƇŚƟŠƪǀƯ�ƾƄƄƧ�ƽƹźǀƳ�Ŷƴƿōźŝ���ƂƄƧ�ŢŰţ�ƽŚƷŹŚƸƯ
ƱƺŤſ�ŹƺŰƯ�Śţ��ƾƯ�źƔƳŹŵ�řŹ�Ʈƿźǀĭ��

�

ƶƐŝřŹ�ê����������������������������
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i 2A
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T1        ��ƪǀƯ�ƲƿźţŹƹŵ�Źŵ�ƾƄƄƧ�ƽƹźǀƳ�ŚƸƯ�ƂƄƧ�ŢŰţ�Źy1��
ƬƇŚƟŠƪǀƯ� ƲƿźţŹƹŵ���ƱƺŤſ� ŹƺŰƯ� Śţ� ƂƄƧ� ŢŰţ� ŹŚƸƯTi ��

ƪǀƯ�Źŵ�ƾƄƄƧ�ƽƹźǀƳ�ŹŚƸƯ�i�ƂƄƧ�ŢŰţ��yi��ƬƇŚƟŠƪǀƯ��ŹŚƸƯ�i�
� ƹ� ƱƺŤſ� ŹƺŰƯ� Śţ�ƂƄƧ�ŢŰţnt� �ƪǀƯ�ƞƿŵŹ� ŵřŶƘţ��ƽŚƷŹŚƸƯ

Ţſř�ƂƄƧ�ŢŰţ��
��������źĭřy 0�ƲƿźţŹƹŵ�ŢƸū� ƹ� ƱƺŤſ� ŹƺŰƯ� ƪŰƯ� Źŵ� řŹ�
ƪǀƯ��ŹŚƸƯŢŞŨƯ�ŢƸū�řŹ�ƂƄƧ�ŢŰţy ƾƯ��ƮƿźǀĮŝ�źƔƳŹŵ���Ʊřƺţ
ƐŝřŹŠŝ�ƽřźŝ�řŹ�źƿŻ�ƶ�Ţſŵ�ƪǀƯ�źƷ�ƂƳźƧ�ƱŵŹƹō��ŝ�ŹŚƸƯƶ�ŵźŝ�ŹŚƧ��
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y A R
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��������ƶƧi� �ƪǀƯ� Źŵ�Ƃƴţ�ŹŚƸƯi��Ab� �ƪǀƯ�ƖƐƤƯ�ŮƐſ�ƹ� ŹŚƸƯ�
Es� �ŤǀƀǀŤſǇř� ƩƹŶƯŠ� ŵǇƺƟ�Ţſř� �ŠƐŝřŹ�šŹƺƈƴƿřŹŵA�źŝřźŝ�

Śŝ�ŵƺŝ�ŶƷřƺų��
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ƲƿřźŝŚƴŝAŻř�ƾƘŝŚţ�A�Ţſř��
��������ƪĪƃ�ƢŝŚƐƯźĭř�ƩŚůè���RC���ƾſŚưţ�ƽŹŚƄƟ�Ƃƴţ�Ŷƴƿōźŝ

ƾƯ� ŵŹřƹ� Ƃƴţ� ƮŬů� żƧźƯ� Źŵ� ƶƧ�ŵƺƃ� ��ƮƿźǀĮŝ� źƔƳ� Źŵ� řŹ
Ţƃřŵ�ƮǀƷřƺų���

�

Fx p
dR F B dx R dR x B dxc p x c c xA A
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�

��������źƿŵŚƤƯ�ƭŚưţ�ƽřźŝ�ƾƬƧ�ŢƫŚů�Źŵ� A@è>��
�

2 2B 2 R (A R x)
x
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�

ƶƐŝřŹ�î���
2F

p A 2 2R x R (A R x) dx0c A
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�

��������źĭřy A R x  Ţƃřŵ�ƮǀƷřƺų�ƮǀƷŵ�Źřźƣ����
�

ƶƐŝřŹ�æå����
2F

p R 2 2R (A R y) R y ( dy)A Rc A
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2F A Rp 2 2R (A R) R (A R)
c A 2

 
      



32R A R 12 2 2 2arcsin R R (A R)
2 R 4 3
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�
ƲƿřźŝŚƴŝ�RcŻř�ƾƘŝŚţ�żǀƳ��A�Ţſř��
��������źĭř� ƵźųǇŚŝ�Mc���ƽŹŚƄƟ� Ƃƴţ� Ŷƴƿōźŝ� Żř� ƾƃŚƳ� źĮƴƫ
ƾſŚưţ�Rc�ƐƤƳ� ƩƺůŠźƠƇ�Ƃƴţ�� �ƮƿźǀĮŝ� źƔƳŹŵ� řŹ��ƮǀƷřƺų�
Ţƃřŵ���

�

ƶƐŝřŹ �ææ���
2F

p A 2 2 2M xdR x R (A R x) dx0c c A
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ƶƐŝřŹ�æç��
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2 R 4 3
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ƲƿřźŝŚƴŝ�McŻř�ƾƘŝŚţ�żǀƳ��A�ŵƺŝ�ŶƷřƺų��
��������ƾƯ����ƫŵŚƘƯ�ŢƠĭ�ƱřƺţŠ��é���ƾţǇƺºƸŬƯ�ŵŹřŵ��������Ʀºƿ�źºƷ�ƶºƧ�

�Żř�ƾƘŝřƺţ�A�ŶƴŤƀƷ������ƫŵŚƘƯ�Ʋƿř�ƪů�Ţſř�ƾƸƿŶŝŠ��ƶŝ�ƵŶǀĤǀě���ƾĭŵŚºſ�
ƱŚƨƯř����ŵƺŝ�ŶƷřƺŴƳ�źƿŸě������������ƹ�ƾƘºſ�ŹřźĪţ�ƁƹŹ�Żř�Ʊō�ƪů�Źŵ�řŸƫ�
�ƶŝ�ŚƐų���ƞƬŤŴƯ�źƿŵŚƤƯ�įřŻř�A���ƵŵŚƠŤſř�İƯ�Ʈǀƴĩ���ƫŵŚƘƯ�ƲǀƟźƏ�Śţ�Š�

�é���ŵŵźĭ�źŝřźŝ����ƲŤƃřŵ�Śŝ�ƲƿřźŝŚƴŝ�Rc������ºƐŝřŹ�Żř�Ʊō�Śŝ�źƓŚƴŤƯ�Š��ç��
ƪǀƯ�ƾƄƄƧ�ƽƹźǀƳ�Ŷƴƿōźŝ�ŹřŶƤƯ�ŚƷŹŚƸƯ�(T)ŝ�ƶ�ƾƯ�Ţſŵ�Ŷƿō��

������������������ƪºǀƯ�ƲƿźţŹƹŵ�Źŵ�ƹźǀƳ�ƶƧ�ŵƺƃ�ƩźŤƴƧ�ŶƿŚŝ�ŚƸŤƳř�Źŵ���ŹŚºƸƯ
���ƂƄƧ�ŢŰţ��ƶūƺţŚŝ�ƶƧ��ƱŚƀƨƿ�ƶŝ�����ƪǀƯ�ƖƐƤƯ�ŮƐſ�Ʊŵƺŝ���ŚºƷŹŚƸƯ

�ƾƐų�ƹ�������������ƪºưŰţ�řŹ�ƹźºǀƳ�ƲƿźŤƄºǀŝ��Ƃƴţ�ƶŬǀŤƳŹŵ�ƹ�ƂƳźƧ�Ʊŵƺŝ
ƾƯ�ŶƴƧ�ŵƺƄƳ�źŤƄǀŝ�ŻŚŬƯ�ŹřŶƤƯ�Żř����
�

ƶƐŝřŹ �æè�                                  
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t
T T 2 T
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T

T T F .A
1 max t bn

t2
1 (y A R)

iy A Ri 21
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Ft�����ƪǀƯ�ƾƄƄƧ�ŻŚŬƯ�Ƃƴţ��ŚƷŹŚƸƯ�Ab���������Żř�Ʀºƿ�źºƷ�ƖƐƤƯ�ŮƐſ
ƪǀƯ����ƹ�ŚƷŹŚƸƯT1�����ƪǀƯ�ƲƿźţŹƹŵ�Źŵ�ƵŶƃŵŚŬƿř�ƾƄƄƧ�ƽƹźǀƳ��ŹŚƸƯ

���ƂƄƧ�ŢŰţŢſř��ƲƿřŹŵ��ƶŝ�šŹƺƇ�řŻřƽ�R�����ƵŶºƃ�ƶºŤƟźĭźƔƳŹŵ
Ƃƴţ�ŵźƧ�ŶƷřƺŴƳ�ŻƹŚŬţ�ŻŚŬƯ�Ŷů�Żř�ŚƷ��

���������ƪĪƃ�ƢŝŚƐƯ�ŢƿŚƸƳ�ŹŵéƶŰƠƇ�ŢƯŚŴƋ���źƿřŵ�ƱƺŤſƵ�įř�
ƾƴƘƿ�tpƲŤƃřŵ�Śŝ��A�ƾƯ�ƶŞſŚŰƯ�ŵƺƃ��
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2 2dR f B dx ;B 2 R ( r x)
c p x x
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R rM x dR0cr c
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p R r 2 2x(A (R r) x) R ( r x) dx0A
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�
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2F

p 2 2RM (y r)(A R y) R y dyrcr A
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��������ƐŝřŹ�Żř�żǀƳ�ƶŰƠƇ�ŢƯŚŴƋ�řŸƫŠ��æê��ŝƶ�ƾƯ�Ţſŵ�Ŷƿō��
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ƪĪƃé��ƖƿŻƺţİƳřźŰŝ�ƖƐƤƯ�Źŵ�Ƃƴţ�� 

2tM Mp 2 2cr crf F W R ( r)
b bW 3 F
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ƶƐŝřŹ �æê��                 
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p 2 2F R ( r)
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Ñ��źƤţ�ƁƹŹ�ƾſŹźŝƿİŝ�ƺǀƫ�Ʋǀūŵƽřźŝ�e R���
�

ƺǀƫ� Ʋǀūŵ���������@Î>�ƽŚě�šŚŰƠƇ� ƾůřźƏ� ƶŝ�źƿřŵ� ƱƺŤſƵ�įř�
ŵŚƿŻ�ŢƿŹƺŰƯ�Żř�ũƹźų�Śŝ�ƽŹƺŰƯ�ŹŚŝ�ŢŰţe R�ƹ�ƶŤųřŵźě�

ƉźƟ� ƱŚǀŝ� Śŝ�įŚƷƵŵŚſ��ƵŶƴƴƧ�ƐŝřƹŹ� �ƽřİ�ƾůřźƏ�ƽřźŝ�ƾŞƿźƤţ�

Ţſř�Ƶŵřŵ�ƶŗřŹř�šŚŰƠƇ�Ʋƿř��ƵŵƹŶŰƯe RƶƗƺưŬƯźƿŻ���Żř�ƽř

ŵƹŶŰƯş
2R

e
4 y1

�Ƣǀƣŵ�ƁƹŹ�Źŵ�ŦŰŝ�ŵŹƺƯ�Ţſř��
�
Ñ�Î�ƉźƟ��įŚƷ�ƁƹŹ�źƤţƿİŞ�ƺǀƫ�Ʋǀūŵ���
�

æ��Ǉř�ƵŵƹŶŰƯ�Źŵ�ƶŰƠƇ�ŹŚŤƟŹŢſř�ƦǀŤſ���
ç��ŻŚŬƯ�Ƃƴţ� źŝřźŝ�ƾſŚưţ�ƽŹŚƄƟ�Ƃƴţ�ƮưƿżƧŚƯ�ƽŹŚƄƟ�

FpŢſř����
è���Ƃƴţ� ŢŰţ� şŵƹŶŰƯ� �ŵŚƿŻ� ŢƿŹƺŰƯ� Żř� ũƹźų� ŢŰţ

źƿřŵ�ƶŰƠƇ�ƪƧ�ŮƐſ�Żř�ƾưǀƳ�Żř�źŤưƧƵ�řŢſř�ƽ���
é���ŹŚƄƟ�ŢŰţ�ŮƐſ� żƧźƯ� Źŵ� ƵŵŹřƹ� ƽŹŚƄƟ�Ƃƴţ� Ŷƴƿōźŝ

Ţſř�ƵŶƃ�Ɩƣřƹ�ƶŰƠƇ��
ê��źĭře Rƶŝ�ŶƃŚŝ��řźƿŵŚƤƯ�ƾƯŚưţ�ƽřŻ�A�Żř�ƾưǀƳ� ŚƸƴţ� �

ƪǀƯ�ƪƧ�ƶǀŞƘţ�ƽŚƷŹŚƸƯ��ƪưƗ�ƂƄƧ�Źŵ� �ƶŰƠƇ�Źŵ� ƵŶƃ
ƾƯ�ŶƴƴƧ��ƵŵŚſ�ƉźƟ�Ʀƿ�Ʋƿř�ƶƔƟŚŰƯ�ƶŤŞƫř�ƹ�ƵŶƴƴƧ�ƶƳřŹŚƧ��

Ţſř��
ë��ƬƇŚƟŠ�ƲǀǀƘţ� Źŵ� ƶƧ� ƱƺŤſ� ŹƺŰƯ� Żř� ƾƳřźŰŝ� ƖƐƤƯ�

ƾƯ� ƑŚŰƫ� ƶŰƠƇ� ŢƯŚŴƋ�ŵƺƃ�� ŶƿŚŝ�í�å�ŶƘŝ� źŝřźŝ�
źƿřŵ� ƱƺŤſ� ƾūŹŚųƵ�įřŶƃŚŝ�� �ƺƇŹŵƵŵŚƠŤſř� šŹ��Żř

ƾƯ�ƶƬƇŚƟ�Ʋƿř� �ƾŤƿƺƤţ�šŚƘƐƣ�ƺţ��ƾūŹŚų�ŶƘŝ� źŝřźŝ� ŶƳř
ŶƃŚŝ�ƱƺŤſ���

�
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