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�rt�wa QF� QO s�Om Qy xm s�vm�t xOy�Wt �Q �Dw�iDt ��yCmQL OwN uwt�Q�B ���vO QO xRwQ xty �t
p�Ft ��Q� �OvW���t sUH l� CmQL �ovwoJ �xOvvm u��aD pt�wa u�� �Ov�xOW O�H�� X�N
w O���t OwHw x� �yv� u�� �x�P�H �wQ�v QF� QO O�WQwN QwO x� �wQ��O Q�Ut QO xQ��U l� CmQL
OwHw x� x�Dwm Q��U� �v�tR �xrY�i l� QO Cm �Q O�OW �x� Q	 QF� QO T�vD AwD l� CmQL ��

�Ow� Oy�wN AwD CmQL Q�Ut �xOvvm C��Oy �wy Ctw�kt w AwD uRw �wQ�v TBU w O���t
�xOvvm O�H�� pt�wa x� xmv� uwO� OR�OQB�t hrDNt C�mQL �UQQ� w p�rLD x� l�D�tv�U sra
CU� sm �L u� Q� xm ����wQ w l�D�tv�U sra �xr�Uw x� �OW�� xDW�O �yHwD 
�ywQ�v� C�mQL u��
x� xm ���yC�tm R� OvDQ��a C�YNWt u�� �Owtv p�rLD �Q sUH l� CmQL C�YNWt u�wD�t
x� wv�F ��yC�tm �yv� x� w OvW���t h� QaD p��k u�tR w u�mt �x�rw� w �O��v� C�tm wO �xr�Uw
�s� R�OQB�t sUH l� CmQL p�rLD �ovwoJ w �yC�tm u�� �UQQ� x� pYi u�� QO �OwW�t xDio

u�tR w u�mt

�Q l� R�i sra u�v�wk �xQ��U w OvDUy l� R�i sra QO �O��v� w x��B C�tm wO u�tR w u�mt
l� R�i sra QO u� wv �WQov s�yO Q��eD �Q C�tm wO u�� C�y�t Qo � xm �Qw�x� Ov�xOQm x��L�
w O�O s�Hv� �Q Q�m u�� OwN Q��v�� dw�v �xr�Uw x� u�DW�v� CQ�r� xm Qw�u�ty OW Oy�wN O�H��

�Owtv O�H�� l� R�i sra QO �rwLD
p�rLD x� s�v�wD� xmv�� ��Q� w s�vm�t �oOvR �Oa�xU ���i l� QO �t O�v�O�t xm Qw�u�ty
s�v�wD� �D s�W�� xDW�O Q��DN� QO �	�� Q Q�R�� l� O��� s� R�OQB� ��i u�� QO hrDNt ��yCmQL
QO x�kv u� u�mt �xOvvm XNWt xm �Dm� �	�� Q ��mQD l� ��i R� x�kv Qy x� u� �xr�Uw x�
l� �wQ sUH l� CmQL Ovv�t �m� R�i 	��kw R� �Q��U� xm ���Hv� R� �s�yO� C�Uv �OW�� ��i
���i l� ��Q� �OD�� OQm ZQi xLiY �� �Oa� wO ���i QO u�wD�t �Q 
R�t Ovv�t� h�Y K�U
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���� pmW Ovv�t y w x ��ys�v x� x�wNrO �R�wtQ�e QwLt wO xLiY l� QO
�Q A �x�kv u�mt s�y�wN�t O�vm ZQi �Ovvm 	�k O �x�kv Ovv�t x�kv l� QO �Q Qo�Om� �D
QwLt Q� xm s�vQ�Po�t A �x�kv R� 
N l� �s�vm XNWt xLiY QO QwLt wO u�� xr�Uw x�
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�x�kv R� x QwLt Q� Owta ��N x��Wt j� Q� x� �s� Q�Po�t d �Q u� s�v w OW�� Owta y x�wNrO
xLiY QO ��O�t �x�kv u�wva x� �Q O �x�kv Qo � p�L �s� Q�Po�t d� �Q u� s�v w s�v�QPo�t A
Q� Owta 
N Qy �s�vm �Ov�xHQO �	�� Q O�Oa� �xr�Uw x� �Q y w x QwLt wO w s� Q�o� Q�v QO

N l� 	��kD pY�L ��i QO x�wNrO �x�kv Qy w �	�� Q OOa l� �xOv��tv x �� y QwLt
C��F CU�i�m uwvm � �Ow� Oy�wN d� Ovv�t x QwLt Q� Owta 
N l� w d Ovv�t y QwLt Q� Owta
l� Qy Q� Owta 
N l� �yvD A Ovv�t �Oa� wO ���i QO x�wNrO �x�kv l� ��R� x� xm s�vm
��i R� x�kv Qy x� s�yO u�Wv �D OQPo� A �x�kv R� xm OQm sUQ u�wD�t y w x ��yQwLt R�
�y�O� Qt� l� R� �r�t u�� C��F� ��Q� �O�O C�Uv OQix� QYLvt �	�� Q ��mQD l� u�wD�t
QO �Q Qo�Om� �� Ovvm�tv 	�k �Q Qo�Om� �R�wt 
N wO O� wo�t xm s� Q�o�t ltm xUOvy QO
	�k A �x�kv QO �Q Qo�Om� Ovv�wD�tv QwLt l� Q� Owta 
N wO u��Q��v� �Ovvm�t 	�k C��yv��
s�vm O�H�� �Q�R�� s�DUv�wD TB �Ow� Ovy�wN �R�wt Qo�Om� �� QwLt l� Q� Owta 
N wO �Q� R Ovvm
OOa wO R� ���mQD �va� OQix� QYLvt �DQt GwR l� xLiY R� x�kv Qy x� OR�U�t QO�k �Q �t xm
OQ�O y w x ��yQwLt �Ov�xHQO �ovwoJ �� s�kDUt ���DQ� O�Oa� u�� xm s�yO C�Uv �	�� Q
pkDUt OOa wO u�� xm CU� QmP p��k �Ovm�t XNWt O ��O�t �x�kv x� C�Uv �Q x�kv u�mt w
I�y s�vm Q��DN� � �Q x Q�Okt �DQt GwR l� QO Qo � xm CU�vat u�O� u�� �OvW���t Qo�Om� R�
�OW���t x Q�Okt R� pkDUt w OQ�PB� Ov�wD�t �Q �OOa Qy y w CW�O Oy�wNv y Q�Okt QO �Q�F��D

s�yO�t V��tv xvwov�� 
��� pmW� QO �Q A �x�kv u�mt p�Ft ��Q�
A � �x� y� � �����
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N xU �xr�Uw x� �Q Q�m u�� u�wD�t R�v �Oa�xU ���i QO xm CU� QmP p��k
OOa xU �xr�Uw x� u�wD�t �Q ��i R� x�kv Qy u�mt Cr�L u�� QO �O�O s�Hv� OvDUy �R�wtQ�e

�OQm XNWt Qo�Om� R� pkDUt

C�YDNt x�oDUO
�	�� Q ��mQD l� �xr�Uw x� �Q ��i R� x�kv Qy u�mt s�W�� QO�k u� �xr�Uw x� xm �Q�R�� x�
R� �r�Ft OW xO�O K�	wD p�k QO xm ��xvwtv �OwW�t xDio C�YDNt x�oDUO �s�vm XNWt
x� xHwD �� xm OQ�O OwHw C�YDNt ��yx�oDUO R� �irDNt ��wv� �CU� C�YDNt x�oDUO l�
�t �OwW�t ��NDv� CmQL �UQQ� ��Q� �U�vt C�YDNt x�oDUO sUH l� CmQL C�YNWt
w OQm s�y�wN xO�iDU� p��Ut pL ��Q� �DQ�mO C�YDNt x�oDUO s�v x� �y�oDUO R� ��Dm u�� QO
Qw�x� R�v ���k C�YDNt x�oDUO s�v x� C�YDNt x�oDUO R� �Qo�O �xvwo �� O��Btr� CtUk QO

�OW s�y�wN �vW� pt�m
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��� pmW

�DQ�mO C�YDNt x�oDUO
	��kD �x�kv xm OW���t sy Q� Owta QwLt wO R� pmWDt Oa� wO QO �DQ�mO C�YDNt x�oDUO
R� x�kv Qy x� s�v�wD�t OW x��Q� p�k QO xm �WwQ �xr�Uw x� �OW���t x�oDUO ��O�t QwLt wO u��

�
��� pmW� Ovv�t s�yO C�Uv �Dm� �DQt GwR l� xLiY �� �Oa� wO ���i
A � �x� y� � ����� � B � �x� y� � �����
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Q�OQ� w u�mt

�Q xQ��O 
�Lt �wQ ��x�kv u�mt s�y�wN�t w s��xO�DU�� xQ��O l� RmQt QO �t O�vm ZQi
�i�m u� 
�Lt �wQ ��x�kv u�mt u��aD ��Q� xQ��O ��aW uDW�O CUO QO ��� �s�vm XNWt
x� C�Uv x�kv u� �Q�oCyH xQ��O ��aW Q� xwqa �Q� R �CU� �ivt p��wU u�� ��wH �OW���t
R�v CyH Q�Okt Q� xwqa �m� R�i ��yC�tm R� �Q��U� �OW���t xOvvm u��aD �rt�a xQ��O RmQt
l� �xr�Uw x� �yvD xm OvQ�O OwHw R�v ���yC�tm u�vJty w �� � � w ���Hx��H w u�mt Ovv�t OvQ�O
CU� Q�R�� Q�OQ�� � � w sQH w u�tR Ovv�t OvW���t u��� p��k CU�yv� Q�Okt �xOvyO u�Wv xm OOa

�OvW���t Q�PoQ�F��D xR�Ov� w CyH �xYNWt wO Qy �yv� QO xm ���yC�tm u��� ��Q�

u�mt Q�OQ�

C�YDNt ��O�t �wQ u� ��OD�� xm O�OV��tv �Wri CQwY x� u�wD�t �Q u�mt Q�OQ� �UOvy Q�v R�
s�kDUt ���DQ� �OOa CQwY x� Q�OQ� l� V��tv �OW���t Q�v OQwt x�kv Q� j��vt u� ��yDv� w
x�oDUO QO u�mt Q�OQ� V��tv �xwLv �s�vm�t sUQ u� QO �Q Q�OQ� xm OQ�O �D�YDNt x�oDUO ��
�Q x�kv l� u�mt xm Qw�u�ty OW���t �	�� Q OOa wO R� ���mQD �xr�Uw x� �DQ�mO C�YDNt

�O�O s�y�wN K�	wD QDW�� xt�O� QO xm s�OQm XNWt C�YDNt u�� QO

���Hx��H Q�OQ�

x� u�wD�t �Q ���Hx��H Q�OQ� �CU� �Q�OQ� C�tm l� u�mt Ovv�t R�v u�mt Q��eD �� ���Hx��H
CmQL u���B �x�kv u� ��yDv� w CmQL �wQW �x�kv u� ��OD�� xm O�O V��tv �Wri CQwY
R� pkDUt w OW���t xDU��w CmQL ��yDv� w �OD�� ��kv x� �yvD ���Hx��H Q�OQ� xH�Dv QO OW���t

�CU� CmQL Q�Ut
O��� �OD�� s� wW �vW� QDW�� u� OQ� Q�m �ovwoJ �� w s�vm lQO �Q Q�OQ� swyit QDW�� xmv�� ��Q�

s�vm �O�B ���vW� �yQ�OQ� 
��wQ w X�wN R� �NQ� ��

�yQ�OQ� Q� sm �L u�v�wk

w h� Q�aD �	�� Q sra QO w OW���t �	�� Q h� QaD l� C�YDNt x�oDUO Ovv�ty R�v Q�OQ�
�Q Ca��� Q� sm �L u�v�wk �yv� �xr�Uw x� u�wD� xm OvQ�o�t pmW ��xvwo x� �yv� Q� sm �L 
��wQ
�� �yv� ���DQ� w �yQ�OQ� Q� sm �L 
��wQ R� �NQ� �w	wt u�� QDy� lQO ��Q� �Owtv x�HwD w u���

s�yO�t KQW �Q �a��� C�Oy�Wt

�Q�OQ� �tH

Qw� u�ty w OvwW�t pY�L u�mt Q��eD �� ���Hx��H R� l� R�i QO x� wv�F ��yC�tm R� �Q��U�
h� QaD ��xvwo x� O��� �yQ�OQ� Q� sm �L 
��wQ TB �CU� �Q�OQ� C�tm l� ���Hx��H OW xDio xm
wQ u�� R� Owtv u��� �Q hrDNt ��y���Hx��H QO C�Q��eD xvwo Qy u�wD� �yv� �xr�Uw x� xm OvwW

Owtv h� QaD Q� R pmW x� u�wD�t �Q �Q�OQ� 	tH
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Q��eD B �x�kv x� A �x�kv R� 
�� ���Hx��H QF� QO �tUH 
���� pmW j���t O�vm ZQi
OwW�t xOy�Wt xJv� �OwQ� C �x�kv x� B �x�kv R� 
�� ���Hx��H QF� QO TBU w OyO u�mt
u�mt Q��eD C �x�kv x� A �x�kv R� ���Hx��H wO �wtHt QO C��yv QO sUH u�� xm CU� u��
Q�OQ� wO �wtHt CQwY x� CU� sUH pm ���Hx��H hQat xm �Q ��AC Q�OQ� u�wD�t w CU� xO�O
��yDv� Q� �b ��OD�� xm �Q �b w �a x�wNrO Q�OQ� wO �wtHt �rm Qw�x� TB �OQm �iQat ���BC w ���AB
u� ��yDv� w �a ��OD�� Q� j��vt u� ��OD�� xm s�yO�t V��tv �Q�OQ� CQwY x� OW�� j��vt �a

�s�t�v�t �b w �a ��yQ�OQ� �wtHt �� Ov��Q� �Q u� w OW�� �b ��yDv� Q� j��vt
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OW��v �Qo�O ��yDv� �wQ �m� ��OD�� xm OvwW ��NDv� ��xvwo x� �t Q�OQ� wO O�vm ZQi p�L
xDUw�B CQwY x� ���Hx��H �Q� R CU� umttQ�e ���Hx��H ��Q� Cr�L u�� �
��� pmW Ovv�t�
��kv w OQ�O C�ty� Q�OQ� pw� w CyH �yvD x� wv�F ��yC�tm R� �Q��U� ��Q� �t� OQ�PB�t s�Hv�
�Q�OQ� wO Ov��Q� uOQw� CUOx� ��Q� Cr�L u�� QO �CW�O Oy�wNv �D�ty� �yQ�OQ� ��yDv� w �OD��
��yDv� Q� u� ��OD�� �D s�vm�t �Hx��H ��xvwo x� �Q u� w s�vm�t ��NDv� x�wNrO x� �Q �yv� R� �m�
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u�O� OQm x��Q� Q�OQ� wO �wtHt uOQw� CUOx� ��Q� �WwQ u�wD�t OW xDio xm ��r��t x� xHwD ��
�q	q��R�wDt l� �q	� CQwY x� 
��� pmW� Ovv�t �Q Q�v OQwt Q�OQ� wO x�oQy xm CQwY
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����AB Q�OQ� �xv� Qk �s�yO KQW �Q Q�OQ� l� �xv� Qk O��� �OD�� Q�OQ� wO p	�iD K�	wD ��Q�
Q�OQ� �xv� Qk ���BA Q�OQ� Qo�O CQ��a x� �� w ���AB CyH hqN QO w xR�Ov� u�ty x� CU� Q�OQ�
Q�OQ� �xv� Qk �� �Q �a Q�OQ� xm CU�vat u�� x� ��a��b� pmW x��b w �a Q�OQ� wO p	�iD �CU� ���AB

�a��b � �a� ���b� CWwv u�wD�t w s�vm 	tH �b

� �

�

�

�� ���

� ���

�

��� 
�� pmW

pY�L �� Q��Q� Q�kl� OW���b w�a Q�OQ� wO u� �q	� xm�aq	q��R�wDt QO xmCU� QmP p��k
�OwW�t ��b��a� �� ��a��b� CQ��a wO R� �m� �� Q��Q� u� CyH x� xDU� Qo�O Q�k w Q�OQ� wO 	tH
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Q�OQ� QO OOa �Q�

� ��

��� pmW

OvDUy u��� p��k Q�Okt l� �� �yvD xm OwW�t xO�iDU� ���yC�tm V��tv ��Q� OOa l� R�i QO
V��tv ��Q� Q�OQ� R� w OwW�t xDio �Q�Okt �� Qr�mU� ��yC�tm ��yC�tm u�� x� �OvQ�Ov CyH w
QO Q�OQ� l� QO OOa l� �Q	 �OvQ�O R�v CyH Q�Okt Q� xwqa xm OwW�t xO�iDU� ���yC�tm
Ovv�t �Q�OQ� C�tm l� QO u�tR Ovv�t �Q�Okt C�tm l� �Q	 �xOvyO u�Wv l� R�i sra
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CyH �Q�OQ� l� QO OOa �Q	 QO �OW���t �Q�OQ� C�tm l� u� pY�L w CU� ���Hx��H
�
��� pmW Ovv�t� Ovm�t Q��eD xOW �Q	 OOa Q�Okt x� xHwD �� Q�OQ� Q�Okt w Ov�t�t C��F Q�OQ�

Q�OQ� QO Q�OQ� �Q�

Ov�wD�t sy u� pY�L w OW���t Qo�Om� QO �Q�OQ� C�tm wO �Q	 �xOvyO V��tv �Q	 u��
�O�O s�y�wN K�	wD QDW�� �Q �Q	 �wv u�� xOv�� QO �OW�� OOa l� Ov�wD�t sy w OW�� Q�OQ� l�

s� Q�O �b w �a x�wNrO Q�OQ� wO ��Q� O�yO u�Wv �UOvy CQwY x� �

�a��b � �b� �a

s�yO�t Q�Qk �a Q�OQ� ��yDv� �wQ �Q �b Q�OQ� ��OD�� �w�UD AJ hQ� uOQw� CUOx� ��Q� �pL
w s�yO�t Q�Qk �b Q�OQ� ��yDv� �wQ �Q �a Q�OQ� ��OD�� �w�UD CU�Q hQ� uOQw� CUOx� ��Q� w
OW���t �b w �a �q	� �� �q	q��R�wDt l� R� �Q�k Ov��Q� Q�OQ� s�vm�t xOy�Wt Cr�L wO QO

�OwW�t xDio ���Hx��H C�Y�N �	tH QO C�Y�N u�� x� �
���� pmW�
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OW���t Q�QkQ� �c w �b ��a x�wNrO Q�OQ� xU ��Q� Q� R �x���Q xm O�vm C��F pmW sUQ R� xO�iDU� �� �

��a��b� � �c � �a� ��b� �c�
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���� pmW

�� �s���tv�t Q��DN� 
����� pmW Ovv�t �	Qi CQwY x� �Q �c w �b ��a x�wNrO Q�OQ� xU �pL

Ov��Q� �� �Q �c Q�OQ� TBU w xOwtv 	tH sy �� �Q �b w �a ��yQ�OQ� �OD�� �w�UD AJ hQ� x� xHwD
TBU w xO�O Q�Qk �a Q�OQ� ��yDv� �wQ �Q �b Q�OQ� ��OD�� Q�m u�� ��Q� �s���tv�t 	tH Q�OQ� wO u��
�Q�OQ� 	tH h� QaD x� xHwD �� �s�yO�t Q�Qk �b w �a Q�OQ� wO Ov��Q� ��yDv� �wQ �Q �c Q�OQ� ��OD��
Oy�wN�b Q�OQ� ��yDv� u�ty OW�� �a ��yDv� �wQ�b ��OD�� xm �Dr�L QO�b w �a Q�OQ� wO Ov��Q� ��yDv�

�OQm sUQ 
���� pmW� Ovv�t u�wD�t �UOvy Q�v R� �Q �w�UD AJ hQ� xH�Dv QO Ow�
�
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u�� QO �O���tv xHwD 
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OOa a OW�� x�kv l� u�mt Q�OQ� �Q�OQ� u�� Qo � w OvW���t �k�kL OOa wO b w a ��mQD u��
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UwDt CaQU Q�m u�� ��Q� Qo � �s�vm x�U�Lt
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QO �Q �OL CaQU �x�U�Lt �ovwoJ �CW�O Ovy�wN �R�J�v hqDN� w Ow� Ovy�wN l�ORv

�CNwt� s�y�wN xOv��



��� l�v�mt �

u�tR � u�mt Q�Owtv w CaQU

�� Ow� Oy�wN Q��Q� t� w t� �x�Lr wO u�� lQLDt l� 
UwDt CaQU Q�OQ� OW xDio xm Qw�u�ty
��
v �

��
�x

�t
�
��x� ���x�
t� � t�

�OOa C��U�Lt x� p�O�D �Q�OQ� C��U�Lt OQ�PB s�Hv� CU�Q 
N �wQ Q� CmQL Qo � p�L
CWwv u�wD�t w Ow� Ovy�wN �R�wt Qo�Om� �� �yQ�OQ� �t�tD �Q� R OW Oy�wN

v �
x� � x�
t� � t�

QO �Q �t�� x�� w �t�� x�� �x�kv wO xm �t�kDUt 
N ��W �� Ow� Oy�wN Q��Q� x���Q u�� xm
C��yv�� t� w t� �x�Lr wO Qo � p�L �O��tv�t pYDt Qo�Om� x� lQLDt u�tR � u�mt Q�Owtv
Q�Owtv QO w Ow� Oy�wN C��Lr u�� QO ��x�Lr CaQU �� Q��Q� x���Q u�� OvW�� l�ORv Qo�Om� x�
w �t�� x�� �x�kv wO u�� pY�w 
N ��W �� Ow� Oy�wN Q��Q� CQ��a u�� R�v u�tR � u�mt

N u�ty 
N u�� OvDUy l�ORv Qo�Om� x� C��yv�� x�kv wO u�� xmv�� p�rO x� w �t�� x��
Q��Q� x�Lr Qy QO CaQU u�tR � u�mt Q�Owtv QO TB Ow� Oy�wN t� �x�Lr QO �vLvt Q� T�tt

�Ow� Oy�wN x�Lr u� QO u�tR � u�mt Q�Owtv �vLvt Q� T�tt 
N ��W ��
OvR�t QwO ���m ��aW x� pmW ��xQ��O Q�Ut l� QO �r��twD� �

Qo�Om� �� Q�� u�rw� ��Q� sUH ��x�Lr CaQU w 
UwDt CaQU ��yQ�OQ� xm �t�ovy 
hr�
�CU� xOwt�B �Q �Di�Ut xJ p��twD� OvR�U�t ��� �x� w�R

�O�vm xU��kt xOW �� Ci�Ut �� �Q u� w O����� �Q sUH ���Hx��H Q�OQ� pw� Cr�L u�� QO 
� �

��

�

��

�

�

�

�

��

���� pmW

CaQU xm s�v�O�t u�vJty w OW���t A Ovv�t ��x�kv CmQL �wQW �x�kv s�v�O�t 
hr� �pL
CaQU Q�OQ� u�vJty w Ow� Oy�wN x�Lr u� QO CmQL Q�Ut Q� T�tt CyH QO x�Lr Qy QO

����� pmW j���t �CU� x�Lr wO u� u�� ���Hx��H Q�OQ� �� CyHsy x�Lr wO u��t 
UwDt
���Hx��H w ��x�Lr CaQU Q�OQ� wO xm ��x� w�R x�kv u�� QO �O� Q�o� Q�v QO �Q B x�wNrO �x�kv
xm CU� ��x� w�R Q�OQ� wO u�� �x� w�R xm CU� QmP p��k ��� �� Ow� Oy�wN Q��Q� OvR�U�t Qo�Om� ��
��aW s�v�O�t �iQ� R� ��Qo�O ��OD�� �� �m� ��yDv� xv OvR�U�t Qo�Om� �� Q�OQ� wO u� ��OD��
CaQU �Q� R OW���t Owta x�kv u� QO ��x�Lr CaQU Q� xQ��O 
�Lt �wQ x�kv Qy QO xQ��O
QO Ow� Oy�wN Owta B �x�kv QO �v Q�OQ� Q� OB ��aW TB OW���t xQ��O Q� T�tt ��x�Lr

CWwv u�wD�t xDmv u�� uDUv�O �� ����� ��� �� Ow� Oy�wN Q��Q� O �BA �x� w�R xH�Dv

O �BA � ��� � ��

OA � OB � R � O �BA � O �AB � ��� � ��

O �AB � �	 � ��� � ��� � �� � �	 � ��� � �� � �	

�x� w�R �� Ow� Oy�wN Q��Q� x�kv Qy ��Q� ��x�Lr CaQU �� ���Hx��H Q�OQ� �x� w�R u��Q��v�
xm OwW�t ��� �� Q��Q� �t�ovy x� w�R u�� xm A �x�kv QO xQ��O Q� T�tt w ���Hx��H Q�OQ� u��t



�� �l�D�tv�U� �U�vW CmQL

ODi��tv j�iD� u�� u� R� p�k ��x�kv I�y QO w OW�� C �x�kv �wQ lQLDt

A �OC � ��� � OA � OC � O �CA � O �AC

���� �O �CA�O �AC � ��� � O �CA � O �AC � ���


�OW���t ��� �� Q��Q� C x�kv Q� T�tt �� AC �x� w�R�
R� �t�v xm �v�tR �D A �x�kv R� lQLDt CmQL �� QO O�O u�Wv u�wD�t pmW �wQ R�
��� �� Q��Q� C �x�kv QO �yvD w Ovm�t Q��eD xHQO �� �D � R� x� w�R u�� OwW xOwt�B xQ��O 
�Lt

�� CU� Q��Q� C �x�kv �D xOW �� Ci�Ut w OwW�t

�S �
��R

� �
�R

� � ��� � ������m

�� CU� Q��Q� ���Hx��H Q�OQ� pw� 
�
�x� � AC� � OA� �OB� � �R� � AC �

p
�R � ������m

� ������ � ������ � �x � �S

CU�Q �N �wQ CN�wvm� CmQL

u�Um� �yx�Lr s�tD QO �Ovm�t CmQL CU�Q 
N �wQ Q� xm �mQLDt ��x�Lr CaQU x�oQy
Q�Owtv CU�Q 
N �wQ CN�wvm� CmQL QO �OwW�t xO�t�v CN�wvm� lQLDt u� CmQL �OW��
CaQU Qov��� xm Q�Owtv u�� Q� T�tt ��W �Q� R Ow� Oy�wN CU�Q 
N l� �u�tR � u�mt
xm CU� CU�Q 
N �yvD w OW�� u�Um� C��Lr s�tD QO O��� OW���t x�Lr Qy QO lQLDt
�x�Lr wO Qy u�� 
UwDt CaQU �CmQL �wv u�� QO xH�Dv QO �CU�Q�O �Q C�YwYN u��

OW���t u�tR � u�mt Q�Owtv QO 
N ��W �� ��x�Lr CaQU �� Q��Q� x�wNrO

v � v �
�x

�t
� �x � v�t

xrY�i Qo � �rm Cr�L QO w OW���t Q�QkQ� CU�Q 
N �wQ Q� CN�wvm� CmQL ��Q� x���Q u��
x �� Q��Q� t �x�Lr QO ��O�t �D u� xrY�i w OW�� x� �� Q��Q� t � � �x�Lr QO ��O�t �D �mQLDt

Cio u�wD�t CU�Q 
N �wQ Q� CN�wvm� CmQL ZQi �� OW��

x� x� � v�t� t��
t���� x � vt� x�


N ��W v u� QO xm OW���t u�tR � u�mt Q�Owtv R� xOvQPo 
N �xrO�at u�ty x���Q u��
�OW���t 
N ��O�t R� ZQa x� w

O��t�B�t Q� R ��DQD x� �Q QyW wO u�� �xrY�i ��xOvv�Q �

�� COt x� u� R� TB w xOQm �oOvv�Q ��m�s 
UwDt CaQU �� Ca�U l� COt x� �OD��
OyO�t xt�O� �oOvv�Q x� xk�kO �� COt x� ��m�s 
UwDt CaQU �� x�ov� �Ovm�t hkwD xk�kO



��� l�v�mt ��

�Ovm�t �oOvv�Q ��m�s 
UwDt CaQU �� Ca�U 	� Q l� COt x� OYkt �D �Q Q�Ut �x�k� w
O�yO MU�B Q� R Cq��wU x� OW�� s�kDUt Q�Ut l� QyW wO u�� u��t �xO�H Qo �

�CU� QDtwr�m OvJ QyW wO u�� �xrY�i 
hr�
�CU� Ca�U Q� QDtwr�m OvJ Q�Ut pm QO w� 
UwDt CaQU 
�

�CU� x�v�F Q� QDt OvJ �oOvv�Q COt pw� QO w� 
UwDt CaQU 
G

hr� �pL

�x� � v��t� � ��� ��� ��� ��� � �����m � ��km
�x� � v��t� � �� ���� ��� � �km
�x	 � v	�t	 � ��� ���� ��� � �����m � ��km
�x
 � v
�t
 � ��� ���� ��� � �����m � ����km

X
i��

�xi � �� � �� � ���� � �����km

v �
�x

�t
�

�� � �� � ����
� � ��

�� � 	�
�� � ��

��
� �����km

h

�

G

v �
�x

�t
�

�����
� � 	�

�� � ��
��

� ����km
h

v � ����� �
����
����� � ��m�s

u�tR � CaQU Q�Owtv

O�it Q��U� �m�D�tv�U p��Ut pL ��Q� u�tR � u�mt Q�Owtv Ovv�t R�v u�tR � CaQU Q�Owtv
Q�Owtv u�� �Owta QwLt �OyO�t V��tv u�tR �UL Q� �Q lQLDt l� CaQU Q�Owtv u�� �CU�
	��D l� xQ�wty u�tR � u�mt Q�Owtv Ovv�t R�v Q�Owtv u�� w OW���t u�tR u� �ki� QwLt w CaQU

�OW���t xDUw�B
�Ovm�t u��� u�tR �UL Q� �Q B w A lQLDt wO CaQU 
���� pmW� u�tR � CaQU Q�Owtv �

�t� C��Lr R� l� s�Om QO OvW�� xDW�O Q�Qk u�mt l� QO t � � �x�Lr QO lQLDt wO u�� Qo �
�OvQ�o Q�Qk u�mt l� QO swO Q�� ��Q� Ovv�wD�t lQLDt wO u�� t	 w t�

��

�

�� ��

�

�

�

���� pmW

R� QDtm A lQLDt CaQU � � t � t� �v�tR �xR�� QO OwW�t xOy�Wt xm Qw�u�ty �pL

TB �rw OW���t A lQLDt R� QDwrH xQ�wty B lQLDt t � t� �x�Lr �D TB OW���t B
wO �xrY�i Oa� x� x�Lr u�� R� w OwW�t B R� QDW�� A lQLDt CaQU t � t� �x�Lr R�
Q�Qk u�mt l� QO swO Q�� ��Q� lQLDt wO u�� t	 Ovv�t ��x�Lr QO �D O����t Vy�m lQLDt

�CiQo Ovy�wN



�� �l�D�tv�U� �U�vW CmQL

��x�Lr ��DW w �UwDt ��DW

V��Ri� x� �wQW QiY R� �tW CaQU O�vm�t uO� wO x� �wQW uwmU p�L R� �tW xm �t�ovy
O����t Vy�m �tW CaQU R�v uO�DU�� s�ovy w OUQ�t C��F �Q�Okt x� C��yv QO �D Ovm�t uDi��
R� xm CU� �Q�OQ� �D�tm 
UwDt ��DW �O�OQo R�� uwmU Cr�L x� �tW w OUQ� QiY Q�Okt x� �D

O���t CUOx� x�Lr wO u� u�� u�tR Q� x�Lr wO u�� CaQU Q��eD Q�OQ� s�UkD

��

a �
��v� ���v�
t� � t�

�

��
�v

�t

p�rO x� CU�Q 
N �wQ Q� CmQL QO �OvyO�t V��tv ��a �xr�Uw x� �Q 
UwDt ��DW Q�OQ�
Ot� Oy�wNQO �OOa pmW x� x���Q u�� �yQ�OQ� uOw� �R�wt

a �
v� � v�
t� � t�

�
�v

�t

�u� h� QaD T�U� Q� w Ovm�t u��� u�tR �UL Q� �Q CaQU Q��eD MQv xm CU� �D�tm ��DW
�m�s�� SI OL�w sDU�U QO ��DW ��m� �Ow� Oy�wN CaQU Q��eD Q�OQ� �� CyH sy �Q�OQ�

�OW���t
x�Lr wO u�� u�� 
UwDt ��DW OvW�� l�ORv Qo�Om� x� C��yv�� t� w t� �x�Lr wO Qo �
OQ�O CaQU h� QaD �� ��DW h� QaD xm �Dy��W p�rO x� �Ow� Oy�wN �yv� ��x�Lr ��DW �� Q��Q�
TB �Ow� Oy�wN Q�QkQ� CaQU w ��DW u�� lv�� �Ow� Q�QkQ� u�mt w CaQU u�� xm ����wQ s�tD

CW�O s�y�wN C��F ��DW �� CU�Q 
N �wQ Q� CmQL ��Q�

a � a �
v� � v�
t� � t�

� v � at� v�

CaQU OvW�� CyH sy CaQU w ��DW Q�OQ� wO xm �t�ovy CU�Q 
N �wQ Q� CmQL QO
OvW�� Qo�Om� hqN QO Q�OQ� wO u�� xm �t�ovy w Ow� Oy�wN xOvwW OvD CmQL w V��Ri� p�L QO

Ow� Oy�wN xOvwW Ovm CmQL

QwLt C�Ft CyH QO xOvwW OvD CmQL � a� � v�

QwLt �ivt CyH QO xOvwW OvD CmQL � a� � v�

��
� � a� v 	 � � xOvwW OvD CmQL

QwLt �ivt CyH QO xOvwW Ovm CmQL � a� � v�

QwLt C�Ft CyH QO xOvwW Ovm CmQL � a� � v�

��
� � a� v � � � xOvwW xOvm CmQL

��N CQwY x� lQLDt u�tR � CaQU �xrO�at C��F ��DW �� CU�Q 
N �wQ Q� CmQL QO

UwDt CaQU xm O�O u�Wv u�wD�t Cr�L u�� QO �Ow� Oy�wN v� ��O�t R� ZQa w a ��W ��

wO Q� s�UkD x�Lr wO u� QO CaQU �wtHt �� Ow� Oy�wN Q��Q� x�wNrO �x�Lr wO Qy u��

v �
v� � v�

�



��� l�v�mt ��

�� CU� Q��Q� t� w t� �x�Lr wO u�� ���Hx��H s�yO u�Wv CU�i�m �yvD x���Q u�� C��F� ��Q�

�x � v�t �
�v� � v�

�
�
�t

u�� �Q sUH u�tR � CaQU Q�Owtv t� �D t� �v�tR �xR�� QO ���Hx��H uOQw� CUOx� ��Q�
Q��U� ��yxR�� x� �Q u�tR QwLt TBU w 
���� pmW Ovv�t� s�vm�t sUQ t� �D t� C��Lr
CaQU �� Ow� Oy�wN Q��Q� ���Hx��H �yxR�� u�� R� l� Qy QO s�v�O�t �s�vm�t s�UkD �v�tR lJwm
lJwm C��yv�� �Q �v�tR ��yxR�� Qo � p�L ��v�tR �xR�� Q�Okt QO �Q	 xR�� u� QO 
UwDt
u� R� x�Lr Qy QO lQLDt ��x�Lr CaQU �� Q��Q� xR�� Qy QO 
UwDt CaQU s� Q�o� Q�v QO
CaQU �� Ow� Oy�wN Q��Q� xR�� Qy QO lQLDt ���Hx��H Q�Okt w Ow� Oy�wN lJwm C��yv�� �xR��
�y���Hx��H �xty �wtHt �� Q��Q� pm ���Hx��H ��DQD u�O� w xR�� u� u�tR QO �Q	 ��x�Lr
pw� xm CiQo Q�v QO �r��DUt CL�Ut CQwY x� u�wD�t �Q ���Hx��H Qy Q�Okt �Ow� Oy�wN
Oy�wN u�tR �� Q��Q� u� ZQa w lJwm C��yv�� �v�tR �xR�� u� QO 
UwDt CaQU Q�Okt u�
Q�Owtv Q� R CL�Ut �� Ow� Oy�wN Q��Q� t� w t� x�wNrO �x�Lr wO u�� pm ���Hx��H xH�Dv QO �Ow�

t� w t� �x�Lr wO u�� u�tR � CaQU

�x � Q�Owtv Q� R CL�Ut �
�v� � v�

�
�
�t� � t��

� v�t � v �
v� � v�

�

��

�

�

��

� �

���� pmW
uwvm � �OW���t CaQU C�Q��eD �� Q��Q� R�v u�tR � ��DW Q�Owtv Q� R CL�Ut xm CU� QmP p��k
u�mt �xrO�at s�v�wD�t CU�Q 
N �wQ Q� C��F ��DW �� CmQL QO 
UwDt CaQU R� xO�iDU� ��

�s����� CmQL u�� ��Q� �Q u�tR �

CU�Q �N Q� C��F ��DW �� CmQL QO u�tR � u�mt �xrO�at
s�U� wv� s�v�wD�t s�OQw� CUOx� xm ����wQ R� xO�iDU� ��

v �
�x

�t
�

v� � v�
�

QO CaQU ��DQD x� v� w v� w CU� �t u�tR QO ���Hx��H u�R�t �x Q� R �x���Q QO
�OvW���t t� w t� C��Lr

�x �
v� � v�

� �t

QO x�wNrO �x�Lr l� �Q t� w �t� � �� OwW ��NDv� u�tR ��O�t t� s�vm ZQi Qo � p�L
u�mt u�vJty s�yO Q�Qk v� �� Q��Q� t� QO w v� �� Q��Q� t � � QO �Q lQLDt CaQU w s� Q�o� Q�v

CW�O s�y�wN CQwY u�� QO s�yO Q�Qk x� w x� C��Lr u�� QO R�v �Q lQLDt

x� � x� �
v� � v�

� �t� � t��

v� � a�t� � t�� � v� � t� � � � v� � at� � v�

� x� � x� �
at� � v� � v�

� t� � x� �
a

� t
�
� � v�t� � x�



�� �l�D�tv�U� �U�vW CmQL

Ovv�t ��x�Lr Qy ��Q� x���Q u�� CU� xOw� x�wNrO  qt�m �x�Lr l� t� xmv�� p�rO x� p�L
Ow� Oy�wN Q�QkQ� t

x �
�
�at

� � v�t� x�

x w OvW���t t � � �x�Lr QO lQLDt CaQU w u�mt ��DQD x� v� w x� x���Q u�� QO xm
�OW���t CmQL ��DW a w t �x�Lr QO lQLDt u�mt

OQm s�y�wNpta Q� RpmW x� OW�� xOW hPL u� QO u�tRC�tm xm ��x���Q uOQw�CUOx� ��Q�

v � at� v� � t �
v � v�
a

x �
�
�at

� � v�t� x� � x �
�
�a
�v � v�

a

��
� v�

�v � v�
a

�
� x�

� x� x� �
v� � v��

�a � v� � v�� � �a�x� x��

O�R� 	wkU
xOy�Wt �Q u� xRwQ Qy �t xm CU� C��F ��DW �� CU�Q 
N �wQ Q� CmQL R� �r�Ft O�R� �wkU
uml �B CmQL �OwW�t �yQ �tW CUO R� uml �B l� w O��xO�DU�� �tW xm �t�ovy �s�vm�t
�x�P�H ��DW CLD w s�kDUt �Q�Ut QO xm CU� O�R� �wkU l� u�tR �� OQwNQ� �x�Lr �D
O�R� �wkU QO �
OwW Q�vhQY �wy Ctw�kt R� xm CU� �DQwY QO u��� OQ�o�t CQwY u�tR
x� wQ �Q OwN �xm� Q�OQ� Q�m �DL�Q ��Q� s�v�wD�t �t w OQ�o�t CQwY s��k O�ODt� QO ���Hx��H
CmQL QwLt C�Ft CyH xH�Dv QO OW�� C�Ft xQ�wty x�P�H ��DW �D s� Q�o� Q�v QO u���B CtU


���� pmW Ovv�t� s�vm�t Q��DN� u���B CtU x� wQ �Q

y �
�
�gt

� � v�t� y�

v � gt� v�

�

���� pmW

Q�Qk u�tR K�U �q�� �QDt �� ��iDQ� QO �Dkw �OwW�t �yQ �v�tDN�U �q�� R� �mJwm �xrwro 	

�CU� ��m�s VDaQU OQ�O
�CU� QOkJ u�tR x� uO�UQ �x�Lr QO nvU CaQU 
hr�

g � ��m�s�� �CU� QOkJ �wkU COt QO xrwro 
UwDt CaQU w u�tDN�U ��iDQ� 
�

OwW ZQi

Ovm �� �Q ��m pO�at �Di�Ut O��� u�tR K�U x� uO�UQ ��Q� xrwro 
hr� �pL

y � y� �
�
�gt

� � v�t � �� � �t� � ��t

� t� � �t� � � � � t �

��	
�


�s jj
��s jd



��� l�v�mt �	

Ow� Oy�wN u�tR K�U QOnvUCaQUTB OUQ� u�tR K�U x�nvU �D OQPo�t u�tR x�v�F �
v � gt� v� � v � g � � � �� � ��m�s


�v �
v� � vu�tR K�U

� �
� � ��

� � ��m�s

u�tDN�U ��iDQ� h � y � v�t � ���t

�t �
v � v�
g

�
��� �

�� � �s � y � ��� � � ��m

OvD �� xOvwW Ovm CmQL �v�tR �xR�� Qy QO O�vm u��aD 
���� pmW� u�tR � ��DW Q�Owtv QO �


�v� � �� �OW���t xOvwW

�� �� ��

�

�
��

���� pmW

CL�Ut �� Q��Q� xm R�v CaQU w OW���t C�Ft ��DW � � t � t� �v�tR �xrY�i QO �pL

xOvwW OvD xR�� u�� QO CmQL TB Ow� Oy�wN C�Ft xR�� u�� u�� x�Lr Qy QO CU� Q�Owtv Q� R
�Q� R CU� C�Ft u�vJty CaQU �t� w CU� �ivt ��DW t� � t � t
 �xR�� QO �Ow� Oy�wN
QO lQLDt CaQU w t � t� �D t � � R� xQ��Os�v CL�Ut �� CU� Q��Q� CaQU t� �x�Lr QO
u�tR QwLt 
�ivt� u���B w 
C�Ft� q�� QO xQ��Os�v wO CL�Ut uOw� Q��Q� p�rO x� t � t
 �x�Lr
t� � t � t
 �xR�� QO u��Q��v� OW Oy�wNv �ivt x�oJ�y �rw OW Oy�wN QiY swO Q�� ��Q�

�Ow� Oy�wN xOvwW Ovm CmQL

QO sUH u�� O� wo� xm O����� ��x���Q s�vm�t �yQ O�� R Q��U� ��iDQ� R� uwmU Cr�L R� �Q �tUH ��


OW�� Ov�wD�t �a��� OOa Qy n� �OwW�t �Hx��H Q�Okt xJ OwN CmQL R� s�n �x�v�F
�xR���va�CmQL s�n�x�v�F xH�Dv QO x�v�F � � t � ��v�tR �xR���va�CmQL pw� �x�v�F �pL
s�U� wv�t CmQL s�n �x�v�F QO ���Hx��H uOQw� CUOx� ��Q� �x�v�F n� � � t � n �v�tR

vn�� � g�n� �� � v� � v� � �

�y �
�
�g���

� � vn������ �
�
�g � ng � g � g�n� �

��

�Q ���UL Oa�YD l� CmQL R� x�v�F Qy QO ���Hx��H CqtH O�vm�t xOy�Wt xm Qw�u�ty
Oa�YD u�� QOk O�R� �wkU Cr�L QO �OW���t CmQL ��DW �� Q��Q� u� QOk xm OvyO�t p�mWD
�Owtv x�U�Lt Oa�YD u�� CqtH 	tH pY�L R� u�wD�t �Q pm ���Hx��H w OW���t g �� Q��Q�

s�� �x�v�F � �y� � g��� �
�� �

g

�
s�� �x�v�F � �y� � g��� �

�� �
�g
�

s�� �x�v�F � �y	 � g��� �
�� �

�g
�

���

s�n �x�v�F � �yn � g�n� �
�� �

��n� ��g
�



�
 �l�D�tv�U� �U�vW CmQL

Oa� wO QO CmQL
�s�OQm �O�B ���vW� CmQL u�� ��yxYNWt �� w s�DNwt� �Q CU�Q 
N �wQ Q� CmQL �Hv�� �D
C�mQL R� xDUO u�� C�YNWt �� w Oa� wO QO pmW �vLvt ��yCmQL x� s� R�OQB�t uwvm �
pY�L CQwY x� �Q xLiY QO �Q�OQ� Qy s�v�wD�t �t OW xQ�W� xm Qw�u�ty �s�vm�t �O�B ���vW�
Q�OQ� wO �xr�Uw x� s�v�wD�t xm s�Dio w s�vm u��� C�YDNt ��yQwLt �� �R�wt Q�OQ� wO 	tH
uwvm � �s�vm �R�UxO�U CU�Q 
N �wQ Q� CmQL x� �Q ��xLiY �xO�J�B C�mQL �j w�i �xm�

�O�O s�y�wN K�	wD �Q pta u�� �ovwoJ

Oa� wO QO ���Hx��H Q�OQ� w u�mt Q�OQ�
A �x�kv u� ��yDv� w C�YDNt ��O�t u� ��OD�� xm CU� Q�OQ� A Ovv�t x�kv l� u�mt Q�OQ�

�� Ow� Oy�wN Q��Q� B w A �x�kv wO u�� ���Hx��H Q�OQ� w OW���t

�rAB � �rB � �rA B x� A R� ���Hx��H
�rBA � �rA � �rB A x� B R� ���Hx��H
�rA � xA�i� yA�j � �rB � xB�i� yB�j

� �rAB � �xB � xA��i� �yB � yA��j

�

�
�

��

��
���
�

�

�	�� pmW
w�i T�U� Q� �yQwLt �� �R�wt Q�OQ� wO x� �yQ�OQ� uOQm l�miD O�vm�t xOy�Wt xm Qw�u�ty

�OQm Oy�wN OOa �xO�U C��U�Lt x� p�O�D �Q �Q�OQ� C��U�Lt �j

��x�Lr CaQU w �UwDt CaQU
wO u� u�� ���Hx��H Q�OQ� �� CyH sy CU� �Q�OQ� x�wNrO �x�Lr wO u�� 
UwDt CaQU
�� CU� Q��Q� x�wNrO �x�Lr l� QO ��x�Lr CaQU OW xO�O K�	wD xm Qw�u�ty w x�Lr
CaQU w ��x�Lr CaQU �u� x� l�ORv C��yv�� �x�Lr l� w x�Lr u� u�� 
UwDt CaQU
��Q� �Q t w x �x���Q �t Qo � p�Ft ��Q� OQm u��� �j w �i ��yQ�OQ� T�U� Q� u�wD�t R�v �Q 
UwDt
Qy QO �Q lQLDt ��x�Lr CaQU w 
UwDt CaQU s�v�wD�t s�W�� xDW�O Q��DN� QO lQLDt l�

Q� R �x���Q Ovv�t s� Qw� CUOx��i Q�OQ� �� x QwLt ��DU�Q QO �v�tR

x � �t� � � vx � �m�s � vx � ��i

w xC�tm wO u��t x���Q w CU� lQLDt CaQU �ki� �xir�wt �yvD vx xm CW�O xHwD O��� �t�
�OyO�tv Q�Qk �t Q��DN� QO �vy� lQLDt CaQU �Owta �xir�wt �xQ�� QO �D�aq�� xvwoJ�y t

�Oa�wO CmQL QO ��x�Lr CaQU V��tv
u�� lQLDt u� 
UwDt CaQU �� Ow� Oy�wN Q��Q� t �x�Lr QO lQLDt l� CaQU s�v�O�t
u�wD�t ��x�Lr CaQU �x�U�Lt ��Q� xH�Dv QO �u� x� l�ORv C��yv�� ��x�Lr w t �x�Lr



��� l�v�mt ��

OQm pta Q� R VwQ x�

�v �

��
�r

�t

�
�t��

�
��
�r � �x�i��y�j

� �v �
�x

�t
�i�

�y

�t
�j

Oy�wN u�mt Q��eD ��Q� �y�Dwm Q��U� u�tR lQLDt Ovm�t QiY CtU x� �t xmv�� p�rO x�
CaQU �x���Q Cr�L u�� QO �OQm Ovy�wN p�t QiY CtU x� R�v �x w �y Q�O�kt TB CW�O

s�yO�t V��tv Q� R pmW x� �Q ��x�Lr

�v �
dx

dt
�i�

dy

dt
�j

CU� Q��Q� dy
dt

CQ��a w t Q�eDt �UL Q� x 	��D jDWt �� CU� Q��Q� dx
dt

CQ��a x���Q u�� QO
�t Q�eDt x� C�Uv y 	��D jDWt ��

dx

dt
� vx �

dy

dt
� vy � �v � vx�i� vy�j

CU� xOW XNWt SI QO Q� R �x���Q wO �� �tUH CmQL �xrO�at ��

y � �t� � � � x � �t

�O����� �Q CmQL Q�Ut �xrO�at 
hr�
�O�vm x�U�Lt t � �s QO �Q CaQU �oQR� w O�U� wv� �Q sUH CaQU �xrO�at 
�

��yQ�OQ� �UL Q� t � �s w t � �s ��yx�Lr u�� �Q sUH 
UwDt CaQU Q�OQ� 
G
�O�U� wv� �j w�i �xm�

Ovm�t u��� Qo�Om� �UL Q� �Q y w x xm CU� ��xrO�at CmQL Q�Ut �xrO�at 
hr� �pL

x � �t � t �
x

� � y � ��x� �
� � � � y �

x�

�� � �


�
�v �

dx

dt
�i�

dy

dt
�j � ��i� ��t��j

t � �s � �v � ��i� ��j � jvj �
p

�� � �� � ��m�s


G��
v � vx�i� vy�j

vx �
x� � x�
t� � t�

�
��� �
�� � � �m�s

vy �
y� � y�
t� � t�

�
�� �
�� � � �m�s

� ��
v � ��i� ��j



�� �l�D�tv�U� �U�vW CmQL

CaQU x � �m u�mt QO Qo � OW���t y � �x	 � �x CQwY x� �tUH CmQL �xrO�at ��

�Q�OQ� CQwY x� �Q u�mt u�� QO sUH CaQU OW�� �m�s �� Q��Q� x QwLt ��DU�Q QO sUH
�O�yO V��tv

x � �m � dy

dx
� �x� � � � � � � � �� � tan � 
T�tt 
N ��W� ��

�

�

��

�
�� pmW


���� pmW� s� Q�O CU� Q�Ut Q� T�tt ��x�Lr CaQU xm ���Hv� R�

tan � �
vy
vx

� �� � vy � ��vx � ��m�s

� �v � ��i� ���j

��x�Lr ��DW w �UwDt ��DW
�� CyH sy CU� Q�OQ� t� w t� �x�Lr wO u�� 
UwDt ��DW xLiY QO �Oa� wO CmQL QO
�� CyH sy CU� Q�OQ� t� �x�Lr QO ��x�Lr ��DW w x�Lr wO u�� u�� CaQU Q��eD Q�OQ�
sUH l� xm �t�ovy �u� x� l�ORv C��yv�� �x�Lr l� w t� �x�Lr u�� CaQU Q��eD Q�OQ�
�OW���t CmQL Q�Ut Q� T�tt xQ�wty CaQU xmv�� p�rO x� Ovm�t CmQL �vLvt l� �wQ
CyH Ov�t� C��F xR�Ov� Q�v R� sUH CaQU Qo � �DL w OW���t Q��eD p�L QO xQ�wty u� CyH
CmQL u��Q��v� OW���t Q��eD p�L QO xQ�wty CaQU Q�OQ� xH�Dv QO w Ow� Oy�wN Q��eD p�L QO u�

�Ow� Oy�wN Q�O��DW CmQL l� xQ�wty pmW �vLvt Q�Ut l� �wQ
CWwv u�wD�t t� w t� �x�Lr wO u�� 
UwDt ��DW ��Q�

��

a �
��v� ���v�
t� � t�

�

��
�v

�t
�
��
�v � �vx�i��vy�j

��
a �

�vx
�t

�i�
�vy
�t

�j �
��
a � ax�i� ay�j

CWwv u�wD�t t� �x�Lr QO ��x�Lr ��DW ��Q� w

�a �

��
�v

�t

�
���

� �a �
d�v

dt
� �v �

d�r

dt

�a �
d��r

dt�
� �a �

dvx
dt
�i�

dvy
dt

�j �
d�x

dt�
�i�

d�y

dt�
�j

dvx
dt

� ax �
dvy
dt

� ay � �a � ax�i� ay�j

Q�OQ� �� t� w t� �x�Lr wO u�� 
UwDt ��DW Q�OQ� OwW�t ���vDU� 
��wQ R� xm Qw�u�ty
��yQ�OQ� �� Q�OQ� u�� xm OQ�Ov �twRr I�y �t� OW���t CyH sy x�Lr wO u�� u�� CaQU Q��eD
p	�iD �v� w �v� Q�OQ� wO �R�wD p�rO x� CU�Q 
N �wQ Q� CmQL QO �OW�� CyH sy �v� �� �v�
u�� pmW �vLvt Q�Ut �wQ Q� CmQL w ��xLiY CmQL QO �rw Ow� u�WOwN �� �R�wt R�v �yv�
�OvW�� �R�wt Qo�Om� �� ��kv u� QO Q�Ut Q� T�tt xm CU� Q�PBu�mt� Q�Ut R� ���kv u�� �yvD Qt�



��� l�v�mt �

���DQB CmQL

QO �s� R�OQB�t C��F ��DW �� �Oa� wO ���i QO CmQL �UQQ� w p�rLD x� CtUk u�� QO
u�� QO �Ov�t�t C��F CmQL COt pw� s�tD QO ��DW Q�OQ� CyH w Q�Okt C��F ��DW �� CmQL
R� �m� xm s�vm�t ��NDv� ��xvwo x� �Q C�YDNt x�oDUO xr��Ut pL �oO�U ��Q� CmQL �wv
QiY �� Q��Q� Qo�O QwLt ��DU�Q QO ��DW Q�Okt w OW�� ��DW Q�OQ� �� �R�wt x�oDUO ��yQwLt
uml �B �tW xm �t�ovy �CU� ���DQB CmQL xLiY QO C��F ��DW �� CmQL �wv u� QDxO�U �OwW
l� uml �B ��wy Ctw�kt R� uOQm Q�vhQY CQwY QO O�vm�t ��DQB u�DDUwO CtU x� �Q OwN
O�ODt� xm s�vm ��DQB ��xvwo x� �Q �tUH Qo � �rm Cr�L QO �O�O Oy�wN s�Hv� �Q ���DQB CmQL
CmQL l� sUH u�� OR�U� xHQO QiY R� Q�e x� ��x� w�R �s��k O�ODt� �� sUH �x�rw� CaQU
w g �� Q��Q� ��DW �xR�Ov� ���DQB CmQL QO �s�� wo�t x��DQB l� u� x� w Ovm�t �� �Q ���DQB

�Ow� Oy�wN u���B x� wQ u� CyH
x� ���� pmW Ovv�t OwW�t ��DQB 
 �x� w�R w v� CaQU �� xm x��DQB l� ��Q� C��U�Lt

Ow� Oy�wN Q� R CQwY
�ax � � � �ay � �g�j
�v�x � v� cos
�i � �v�y � v� sin
�j

�Ov�t�t C��F Q�Ut pw� QO �ki� CaQU
�ax � � � �v�x � cte

x� � � � �x � �v� cos
�i�t

�ay � �g�j � �v�y � v� sin
�j

y� � � � �y �
�
���g

�j�t� � �v� sin
�j�t

� �y �

�
��

�gt
� � �v� sin
�t


�j

�vy � ��g�j�t� �v�y � �vy � ��gt� v� sin
��j

�

�
� ��

�

��

��������

�

���� pmWx�Lr Qy QO �Q x��DQB ��DW w CaQU �u�mt ��yQ�OQ� s�v�wD�t CqO�at u�� �xr�Uw x�
s�vm�t XNWt �Q x��DQB l� CmQL Q�Ut Q� R CqO�at �xr�Uw x� uwvm � �s�vm XNWt

x�i � �v� cos
�i�t � t �
x

v� cos


y�j �

�
��

�gt
� � �v� sin
�t


�j

� y � ��
�g�

x

v� cos

�� � v� sin
�

x

v� cos

�

� y � � gx�

�v�� cos� 

� x tan


�Ovm�t�� �Q pmW�tyU Q�Utl����DQBCmQL xmCU�XNWtCmQL Q�Ut �xrO�at R�


	c0.pdf
	c1.pdf
	c2.pdf

