
wV{{�}��I PB� _ZAj${s�$Bt $t �Y� yeee q�stRs{�$BtR Bt VZ�B8s�${ ]Bt��Bj sR s i��Zjs� _s}��D

wi�%$R�I z��R$Bt BP �MT1�ED

7�sA$j$�k pZs�st���I q�j�B}��s�$BtU

Vt VIs}�$%� �B�$Bt\3B�{� ]Bt��Bj V}}�Bs{Y

G�tT<Bt� �YZ 7�}�$8$Z e� 7sj{ZI�st

*�}s��8�t� BP ej�{��${sj stI ]B8}Z��� et�$t���$t�

=t$%��R$�k BP  �$�$RY ]BjZ8A$s
1nxE �s$t �sjj� zst{BZ%���  �]� zEq d�;� ]stsIs

VAR��s{�

yt �Y$R }s}��� st sIs}�$%� 8B�$Bt\PB�{� {Bt��Bjj�� $R I�%�jB}�I PB� Zt$js���sj B� A$js���sj ��j�T

B}��s�$Bt RkR��8R� qY� 8��YBI {st A� s}}j$�I $t AB�Y }BR$�$Bt stI �s�� {Bt��Bj 8BI�R� b$�Y

s�A$��s�k 8B�$Bt B� PB�{� R{sj$t�� WB s{{�j��s�$Bt 8�sRZ��8�t�R s�� ��JZ$��I�

WBtj$t�s� �$�$ITABIk Ikts8${R BP �Y� 8sR��� stI �Y� Rjs%� �BAB�R s�� {BtR$I���I� V 8BI�j

BP �Y� 4�-$Aj� B� �$�$I �t%$�Bt8�t� $R $t{B�}B�s��I $t�B �Y� Ikts8${R BP �Y� Rjs%�� bY$j� s 8BI�j

BP �Y� YZ8st B}��s�B� $R $t{B�}B�s��I $t�B �Y� Ikts8${R BP �Y� 8sR���� qY� 8sR��� stI �Y� Rjs%�

s�� RZA`�{� �B $tI�}�tI�t� sIs}�$%� 8B�$Bt\PB�{� {Bt��Bjj��R �Ys� sRRZ8� }s�s8���� Zt{���s$t�k

ABZtIR� es{Y }s�s8���� $R $tI�}�tI�t�jk Z}Is��I b$�Y$t $�R ,tBbt jBb�� stI Z}}�� ABZtIR� qY�

R�s��R BP �Y� 8sR��� wRjs%�D s�� R�t� �B �Y� Rjs%� w8sR���D sR 8B�$Bt\PB�{� ��s{,$t� {B88stIR

$tR��sI BP {Bt��Bj s{�$BtR w�&B��R stI\B� 4BbRD�

=tI�� �Y� 8BI�j$t� sRRZ8}�$BtR PB� �Y� YZ8st B}��s�B� stI �Y� �t%$�Bt8�t�� �Y� }�B}BR�I

��j�B}��s�$Bt {Bt��Bj R{Y�8� $R U1 stI U R�sAj� $t AB�Y P��� 8B�$Bt stI 4�-$Aj� B� �$�$I {Bt�s{�

8B�$Bt� stI $R �BAZR� s�s$tR� �$8� I�jskR� qY� {Bt��Bjj�I 8sR���TRjs%� RkR��8 A�Ys%�R �RR�t�$sjjk

sR s j$t�s�jk Is8}�I P���T4Bs�$t� 8sRR� yP �Y� }s�s8���� �R�$8s��R {Bt%����� �Y� �t%$�Bt8�t� $8T

}�Ist{� stI �Y� $8}�Ist{� ��stR8$���I �B �Y� 8sR��� I$&�� Btjk Ak s {Bt��BjT}s�s8���� I�}�tI�t�

8sRR\Is8}�� ���8� VRk8}�B�${ 8B�$Bt w%�jB{$�k\}BR$�$BtD ��s{,$t� stI PB�{� ��s{,$t� b$�Y 9��B

R��sIkTR�s�� ���B� s�� s{Y$�%�I� e-}��$8�t�sj ��RZj�R s�� }��R�t��I $t RZ}}B�� BP �Y� stsjkR$R�



WB8�t{js�Z��

� 7ZAR{�$}� $tI${s�$t� �Y� }�B}���$�R BP �Y� 8sR��� �BAB� w� ) ED B� �Y� Rjs%� �BAB�
w� ) XD�

� ; pE
E *$s�Btsj }BR$�$%�TI�ht$�� {Bt��Bj }s�s8���� 8s��$-�
\ ; pE
E *$s�Btsj }BR$�$%�TI�ht$�� 8s��$- PB� PB�{� P��IAs{,� \ ) Q7y/\\W , \�i�
\W ; p

zW
zW *$s�Btsj }BR$�$%�TI�ht$�� 8s��$-�
\� ; p

z�
z� *$s�Btsj }BR$�$%�TI�ht$�� 8s��$-�
g ; pE
E *$s�Btsj }BR$�$%�TI�ht$�� 8s��$- PB� hj���R� g ) Q7y/\gW , g�i�
gW ; p

zW
zW *$s�Btsj }BR$�$%�TI�ht$�� 8s��$-�
g� ; p

z�
z� *$s�Btsj }BR$�$%�TI�ht$�� 8s��$-�
�� ; p

E
E *$s�Btsj }BR$�$%�TI�ht$�� 8B�$Bt R{sj$t� 8s��$-�
�W ; p

E
E *$s�Btsj }BR$�$%�TI�ht$�� PB�{� R{sj$t� 8s��$-�
�W ; p 7�j�{�$%� Ps{�B� PB� Zt$js���sj 4�-$Aj� �t%$�Bt8�t��
�� ; p 7�j�{�$%� Ps{�B� PB� Zt$js���sj �$�$I �t%$�Bt8�t��
& ; p 7�j�{�$%� Ps{�B� A��b��t }BR$�$BtTPB�{� 8BI� w& ) dD stI �s��TPB�{� 8BI� w& ) (D�
>X ; p

E ]Bt�s{� PB�{�\8B8�t� P�B8 �Y� Rjs%� �BAB� �Bbs�I �Y� �t%$�Bt8�t�� >X )
>>x

XW ,>
x
X�H

x �

>XW ; p
zW ]Bt�s{� PB�{�\8B8�t� sRRB{$s��I b$�Y �Y� 4�-$Aj� �t%$�Bt8�t��

>X� ; p
z� ]Bt�s{� PB�{�\8B8�t� sRRB{$s��I b$�Y �Y� �$�$I �t%$�Bt8�t��

>E ; p
E ]Bt�s{� PB�{�\8B8�t� P�B8 �Y� 8sR��� �BAB� �Bbs�I �Y� YZ8st B}��s�B��

>	_ ; p
E !}��s�B� e-B��tBZR PB�{�\8B8�t��


_ ; p =}}�� ABZtI BP B}��s�B� �-B��tBZR PB�{��

fX ; p
E _BR$�$Bt\B�$�t�s�$Bt BP �Y� Rjs%� �BAB�� �fX ) }X�

}X ; p
E z�jB{$�k BP �Y� Rjs%� �BAB�� }X ) >}

x
XW ,}

x
X�H

x �

}XW ; p
zW z�jB{$�k sRRB{$s��I b$�Y �Y� 4�-$Aj� �t%$�Bt8�t��

}X� ; p
z� z�jB{$�k sRRB{$s��I b$�Y �Y� �$�$I �t%$�Bt8�t��

}XQ ; p
E *�R$�t %�{�B� sRRB{$s��I b$�Y �Y� Rjs%� �BAB�� }XQ ) >}

x
XWQ,}

x
X�QH

x �

}X�Q ; p
z� *�R$�t %�{�B� sRRB{$s��I b$�Y �Y� �$�$I �t%$�Bt8�t��

fE ; p
E _BR$�$Bt\B�$�t�s�$Bt BP �Y� 8sR��� �BAB�� �fE ) }E�

}E ; p
E z�jB{$�k BP �Y� 8sR��� �BAB��

}EQ ; p
E *�R$�t %�{�B� sRRB{$s��I b$�Y �Y� 8sR��� �BAB��

&� ; p
E
E eJZ$%sj�t� $t���$sj 8s��$- BP �Y� 8sR��� B� Rjs%� �BAB� $t{B�}B�s�$t� B}��sT

�B�\�t%$�Bt8�t��
a� ; p

E
E 7,�bTRk88���${ 8s��$-�
r� ; p

E eJZ$%sj�t� %�{�B��
�� _s�s8���� %�{�B� BP �Y� 8sR��� B� Rjs%� �BAB��
V� i����RRB� 8s��$- BP �Y� 8sR��� B� Rjs%� �BAB��

y yt��BIZ{�$Bt

q�j�B}��s�$Bt RkR��8 {Bt��Bj YsR A��t �-��tR$%�jk R�ZI$�I� 8B�$%s��I Ak s js��� %s�$��k BP s}T

}j${s�$BtR >dH �st�$t� P�B8 tZ{j�s� B}��s�$BtR stI R}s{� �-}jB�s�$Bt >1� n� ;H �B PB��R��kT��js��I �sR,R

>xH stI 8�I${sj s}}j${s�$BtR >EH� q�j�B}��s�$Bt {st �-��tI s YZ8st:R ��s{Y �B s ��8B�� R$�� B� {st

d



�tYst{� s }��RBt:R {s}sA$j$�k �B YstIj� AB�Y �Y� 8s{�B stI �Y� 8${�B bB�jI�

V �k}${sj ��j�B}��s�$Bt RkR��8 {BtR$R�R BP s 8sR��� 8st$}Zjs�B�� s Rjs%� 8st$}Zjs�B�� �Y� YZ8st

B}��s�B�� stI �Y� B}��s��I �t%$�Bt8�t�� yP Btjk �Y� 8sR��� 8B�$Bt stI\B� PB�{�R s�� ��stR8$���I �B

�Y� Rjs%�� �Y� ��j�B}��s�$Bt RkR��8 $R {sjj�I Zt$js���sj� yP� $t sII$�$Bt� Rjs%� 8B�$Bt stI\B� PB�{�R

s�� ��stR8$���I �B �Y� 8sR���� �Y� ��j�B}��s�$Bt RkR��8 $R {sjj�I A$js���sj� <sttsPB�I >�H }�B}BR�I s

�bBT}B�� ��j�B}��s�$Bt RkR��8 8BI�j AsR�I Bt {$�{Z$� �Y�B�k� yI�sj ��stRP�� PZt{�$BtR s�� }��R�t��I

stI �Y� RkR��8 I�%$s�$Bt P�B8 �Y� $I�sj ��R}BtR� $R RZ���R��I �B A� �Y� $tsI�JZs�� {st{�jjs�$Bt BP

8�{Yst$R8 $8}�Ist{�R� qY� ZR� BP BAR��%��R $R }�B}BR�I �B �R�$8s�� �&B��R stI $8}�Ist{�R� qY$R

s}}�Bs{Y sII��RR�I 8B�� $RRZ�R BP {Bt��Bj s�{Y$��{�Z�� �Yst I�R$�t stI tB R�sA$j$�k B� }��PB�8st{�

8�sRZ��R s�� �$%�t� �BRZ�� �� sj� >MH }�B}BR�I st s}}�Bs{Y �B {Bt��Bj s R$t�j�T8sR��� stI 8Zj�$T

Rjs%� 8st$}Zjs�B� RkR��8 Ak ZR$t� s %$��Zsj $t���tsj 8BI�j� qY$R s}}�Bs{Y $R AsR�I Bt �Y� {B8}j���

{st{�jjs�$Bt BP �BAB� Ikts8${R� pBjI�tA��� �� sj� >�H I$R{ZRR�I {Bt��Bj BA`�{�$%�R Ak R}�{$Pk$t�

YkA�$I }s�s8����R b$�Y t��bB�, �Y�B�k� VtI��RBt stI 7}Bt� >d(H sII��RR�I �Y� �$8� I�jsk $RRZ� $t

8s$t�s$t$t� R�sA$j$�k PB� A$js���sj ��j�B}��s�$Bt� qY�k ZR�I R{s����$t� B}��s�B�R �B I�R$�t �Y� {Bt��Bjj��

$t RZ{Y s bsk �Ys� �Y� R�sA$j$�k $R �Zs�st���I b$�Y R��${�jk }sRR$%� B}��s�B�R stI �t%$�Bt8�t�� qY$R

R{Y�8� ��{�t�jk j�I �B s 8BIZjs� {Bt��Bjj�� I�R$�t s}}j${sAj� �B {B8}j�- �BAB� RkR��8R >ddH� Vj�YBZ�Y

sRk8}�B�${ R�sA$j$�k $R �tRZ��I >d1H� tB 8B�$Bt\PB�{� ��s{,$t� $R }�B%$I�I� N�Zt� �� sj� >dnH �j$8$ts��I

�Y� }sRR$%$�k ��JZ$��8�t� PB� �Y� B}��s�B� stI �Y� �t%$�Bt8�t�� stI I�R$�t�I s {Bt��Bjj�� AsR�I Bt

I �Y�B�k %$s  TRkt�Y�R$R� qY$R s}}�Bs{Y �Zs�st���R R�sA$j$�k PB� s }��TR}�{$h�I �$8�TI�jsk 8s��$t�

Nsb��t{� >d;H ��%�sj�I �Y� {Bt4${�$t� $RRZ�R A��b��t R�sA$j$�k stI ��stR}s��t{k stI }�B}BR�I s Zt$h�I

PBZ�T{Ystt�j {Bt��Bj R��Z{�Z��� _��P�{� ��stR}s��t{k b$�Y $I�sj ,$t�R�Y��${ P��IAs{, bsR s{Y$�%�I $t

>dxH }�B%$I�I �Ys� �Y� 8sR��� stI Rjs%� 8st$}Zjs�B� Ikts8${R s�� ,tBbt stI �Y�$� s{{�j��s�$BtR

{st A� 8�sRZ��I� ]Bj�s�� >dEH }�B}BR�I st $8}�Ist{� RYs}$t� {Bt��Bj R{Y�8� �B I�sj b$�Y I$&���t�

$8}�Ist{� stI I$&���t� ��B8���${ R{sj�R A��b��t �Y� �sR, stI �Y� YZ8st B}��s�B�� iBAZR� R�sA$j$�k

{�$���$s b��� I$R{ZRR�I� N�� >d�H s}}j$�I ��j�8Bt$�B�$t� PB�{� P��IAs{, �B sII��RR �Y� �$8� I�jsk

$RRZ� $t ��j�B}��s�$Bt� qY� ��sI�TB& A��b��t �BAZR�t�RR stI }��PB�8st{� bsR �-}jB��I �B s{Y$�%�

B}�$8$9s�$Bt� �s9��BBt$ �� sj� >dMH stI Ost stI 7sj{ZI�st >d�H }�B}BR�I �bB R{Y�8�R AsR�I Bt I 

1



B}�$8$9s�$Bt bY${Y j�sIR �B Y$�Y I$8�tR$Btsj 8s��${�R b$�Y Y$�Y {B8}Z�s�$Btsj jBsI�

yt �Y$R }s}��� s tB%�j ��j�B}��s�$Bt {Bt��Bjj�� I�R$�t 8��YBI $R }��R�t��I AsR�I Bt sIs}�$%�

8B�$Bt\PB�{� {Bt��Bj BP �Y� 8sR��� stI Rjs%� wR�� 3$�� dD� qY� s}}�Bs{Y $R s}}j${sAj� �B Zt$js���sj

B� A$js���sj ��j�B}��s�$Bt $t }BR$�$Bt B� �s�� {Bt��Bj 8BI�R b$�Y s�A$��s�k 8B�$Bt\PB�{� R{sj$t�� qY�

Ikts8${R BP �Y� YZ8st B}��s�B� stI �Y� Ikts8${R BP �Y� 4�-$Aj� �t%$�Bt8�t� s�� sRRZ8�I �B A�

R�{BtITB�I�� 8sRRTIs8}$t�TR�$&t�RR RkR��8R b$�Y ,tBbt Z}}�� stI jBb�� ABZtIR Bt B�Y��b$R� ZtT

,tBbt }s�s8����R� V Ikts8${ 8BI�j BP �Y� YZ8st B}��s�B� $R $t{B�}B�s��I $t�B �Y� Ikts8${R BP

�Y� 8sR���� bY$j� �Y� Ikts8${R BP �Y� �t%$�Bt8�t� s�� $t{B�}B�s��I $t�B �Y� Ikts8${R BP �Y� Rjs%��

es{Y BP �Y� 8sR��� stI Rjs%� �BAB�R s�� {Bt��Bjj�I Ak $tI�}�tI�t� sIs}�$%� 8B�$Bt\PB�{� {Bt��Bjj��R�

]B8}s��I �B }��%$BZR ��j�B}��s�$Bt I�R$�tR� �Y$R P�s8�bB�, YsR PBZ� tB%�j P�s�Z��R� 3$�R�� R�sA$j$�k

$R �Zs�st���I b$�Y 8B�$Bt\PB�{� ��s{,$t�� stI $R �BAZR� s�s$tR� �$8� I�jskR� 7�{BtI� �Y� }s�s8����

Zt{���s$t�$�R $t �Y� RkR��8R s�� b�jj {B8}�tRs��I Ak }s�s8���� sIs}�s�$Bt stI R��Bt� P��IAs{, {BtT

��Bj� qY$�I� AB�Y �$�$I stI 4�-$Aj� �t%$�Bt8�t�R s�� {BtR$I���I� 3B��Y� �Y� PZjj tBtj$t�s� Ikts8${R

BP �Y� 8sR���\Rjs%� �BAB�R bY${Y {BtR$R� BP �Y� Ikts8${R BP �Y� j$t,R stI `B$t�R� �Y� Ikts8${R BP �Y�

�t%$�Bt8�t�� stI �Y� Ikts8${R BP �Y� YZ8st B}��s�B�� s�� �s,�t $t�B s{{BZt� $t s %$��Zsj I�{B8}BT

R$�$Bt AsR�I sIs}�$%� {Bt��Bj I�R$�t >1dH� $t bY${Y �s{Y Zt,tBbt Ikts8${ }s�s8���� {st A� Z}Is��I

$tI�}�tI�t�jk b$�Y$t $�R jBb�� stI Z}}�� ABZtIR� G$�Y$t s R}�{$h�I P��JZ�t{k �st��� �Y� 8sR���TRjs%�

RkR��8 A�Ys%�R j$,� s P���T4Bs�$t� 8sRR }jZR s j$t�s� Is8}�� R}�{$h�I Ak {Bt��Bj }s�s8����R� bY${Y

��RZj�R $t �-{�jj�t� 8B�$Bt ��s{,$t� stI sRk8}�B�${ PB�{� ��s{,$t��

qY$R }s}�� $R B��st$9�I sR PBjjBbRU 7�{�$Bt yy }��R�t�R �Y� Ikts8${R stI sIs}�$%� {Bt��Bj BP �Y�

8sR���\Rjs%� �BAB�R�  $js���sj ��j�B}��s�$Bt I�R$�t b$�Y AB�Y }BR$�$BtTPB�{� stI �s��TPB�{� {Bt��Bj $R

sII��RR�I $t R�{�$Bt yyy� 7�{�$Bt yz }��R�t�R �-}��$8�t�sj ��RZj�R� V I$R{ZRR$Bt PBjjBbR $t R�{�$Bt z�

3$tsjjk� {Bt{jZR$BtR s�� I�sbt $t R�{�$BtR zy�

yy VIs}�$%� �B�$Bt\3B�{� ]Bt��Bj BP �sR���\7js%� iBAB�R

qY$R R�{�$Bt }��R�t�R �Y� sIs}�$%� {Bt��Bj I�R$�t BP �Y� 8sR��� �BAB� $t{B�}B�s�$t� s YZ8st

B}��s�B� stI BP �Y� Rjs%� �BAB� $t{B�}B�s�$t� s �$�$I\4�-$Aj� �t%$�Bt8�t��

n



V� *kts8${R BP �Y� 7js%� iBAB� yt{B�}B�s�$t� V i$�$I\3j�-$Aj� et%$�Bt8�t�

dD qY� et%$�Bt8�t�U G$�YBZ� jBRR BP ��t��sj$�k� sRRZ8� �Ys� �Y� �t%$�Bt8�t� $R Zt$js���sj�

stI $R 4�-$Aj� $t s zW I$8�tR$Btsj R}s{� stI �$�$I $t s z� I$8�tR$Btsj R}s{�� b$�Y zW L z� ) E� 3B�

s {sR� $t bY${Y }Z�� P��� 8B�$Bt $R $t%Bj%�I� �Y� P��� 8B�$Bt {st A� {BtR$I���I sR s R}�{$sj {sR� BP

4�-$Aj� {Bt�s{� 8B�$Bt b$�Y 9��B {Bt�s{� PB�{� sjBt� �Y� P��� 8B�$Bt RZAR}s{��

yt ��t��sj� �%��k �t%$�Bt8�t� }BRR�RR�R s {���s$t s8BZt� BP 4�-$A$j$�k� qB I����8$t� st �t%$T

�Bt8�t� sR 4�-$Aj� B� �$�$I $R {B8}j���jk I�}�tI�t� Bt $�R 8�{Yst${sj $8}�Ist{�� yP st �t%$�Bt8�t�

}BRR�RR�R {B8}s�sAj� B� jBb�� 8�{Yst${sj $8}�Ist{� �Yst �Ys� BP �Y� {Bt��Bjj�I �BAB�� $� $R {BtR$I���I

sR s 4�-$Aj� �t%$�Bt8�t�� 7BP� R}�$t�R stI RBP� �$RRZ�R s�� 4�-$Aj� �t%$�Bt8�t�R� yP st �t%$�Bt8�t�

}BRR�RR�R 8Z{Y Y$�Y�� 8�{Yst${sj $8}�Ist{� �Yst �Ys� BP �Y� {Bt��Bjj�I �BAB�� $� $R {BtR$I���I sR s

�$�$I �t%$�Bt8�t�� qsAj� 8BZt��I sjZ8$tZ8 stI R���j 8sk A� {BtR$I���I sR �$�$I �t%$�Bt8�t�R $t

8BR� {sR�R�

qbB A$ts�k R�j�{�$%� Ps{�B�R �W stI �� s�� I�ht�I Ak

�W )

l
( P��� 8B�$Bt
d {Bt�s{� b$�Y 4�-$Aj� �t%$�Bt8�t� ,

�� )

l
( P��� 8B�$Bt
d {Bt�s{� b$�Y �$�$I {BtR��s$t�R 3

N�� >X ) >>
x
XW >

x
X�H

x ; pE A� �Y� {Bt�s{� PB�{� P�B8 �Y� Rjs%� �BAB� �Bbs�I �Y� 4�-$Aj�\�$�$I �t%$�BtT

8�t�� �-}��RR�I $t s R}�{$sj �sR, P�s8� �� stI j�� }X ) >}xXW }
x
X�H

x ; pE A� �Y� %�jB{$�k �-}��RR�I $t

�Y� Rs8� �sR, P�s8� �� bY��� >XW ; p
zW stI }XW ; p

zW s�� sRRB{$s��I b$�Y �Y� 4�-$Aj� {Bt�s{�� stI

>X� ; p
z� stI }X� ; p

z� s�� sRRB{$s��I b$�Y �Y� �$�$I {Bt�s{�� qY� �$�$I {Bt�s{� Ikts8${R $R

}X� ) wd� ��D }X� , wdD

>X� ) �� >X� � w1D

stI �Y� 4�-$Aj� {Bt�s{� Ikts8${R $R

�W >-W
[�XW L;W

��XW L & �W �XW L wd� &D �W H ) >XW , wnD

��XW ) �W }XW , w;D

;



bY���

&
�
)

l
d }BR$�$Bt� PB�{� {Bt��Bj 8BI�
( �s��� PB�{� {Bt��Bj 8BI�

$R s A$ts�k R�j�{�$%� Ps{�B� A��b��t }BR$�$BtTPB�{� {Bt��Bj 8BI� stI �s��TPB�{� {Bt��Bj 8BI�� �W ;

pzW � U $R s ABZtI�I %�{�B� b$�Y ,tBbt PB�8 stI Zt,tBbt }s�s8����R� -W � ;W � stI �W s��

zW 
 zW {BtR�st�� �$8�T$t%s�$st�� Rk88���${� stI }BR$�$%�TI�ht$�� 8s��${�R sRRB{$s��I b$�Y �Y� $tT

���$s� �Y� Is8}$t�� stI �Y� R�$&t�RR BP �Y� 4�-$Aj� �t%$�Bt8�t�� ��R}�{�$%�jk� stI �XW I�tB��R �Y�

I�PB�8s�$Bt BP �Y� 4�-$Aj� �t%$�Bt8�t�� $��� �Y� ���B� A��b��t �Y� {Z���t� }BR$�$Bt\B�$�t�s�$Bt stI

�Y� }BR$�$Bt\B�$�t�s�$Bt s� {Bt�s{��

i�8s�, 1�dU qY� R}�{$sj �sR, P�s8� � $R {B8}j���jk s}}j${s�$Bt B�$�t��I� qY� {YB${� BP �Y$R

P�s8� b$�Y R}�{$sj }s��$�$Bt BP 4�-$Aj�\�$�$I {Bt�s{�R ��JZ$��R s }�$B�$ ,tBbj�I�� BP bYs� �Y� B}��s�B�

$R s���8}�$t� �B s{Y$�%��

i�8s�, 1�1U yt 8BI�j$t� �Y� Ikts8${R BP �Y� 4�-$Aj� �t%$�Bt8�t�� Btjk R�{BtITB�I�� j$t�s�

�$8�T$t%s�$st� wNqyD 8BI�jR s�� {BtR$I���I PB� R$8}j${$�k� qY� �-��tR$Bt BP �Y$R 8BI�j �B s 8B��

��t��sj {sR� ��JZ$��R PZ��Y�� ��R�s�{Y�

i�8s�, 1�nU eZj�� }s�s8���� wJZs���t$Bt �-}��RR$BtD $R ZR�I �B ��}��R�t� sjj B�$�t�s�$BtR $t

C5wnD �Y�BZ�YBZ� �Y$R }s}��� 3B� �s{Y JZs���t$Bt �-}��RR$Bt� �Y� Zt$JZ� R$t�Zjs�$�k }B$t� {B���T

R}BtI$t� �B s �B�s�$Bt BP $ P�B8 �Y� ��P���t{� B�$�t�s�$Bt $R sRRZ8�I tB� �B A� ��s{Y�I� qY$R 8�stR

�Ys� PB� js��� {Yst��R $t B�$�t�s�$Bt� �Y� ��P���t{� B�$�t�s�$Bt RYBZjI A� {Yst��I Ak �s��TPB�{� {Bt��Bj�

i�8s�, 1�;U qY� 8BI�j wnD $R sAj� �B $t{B�}B�s�� }Z�� P��� 8B�$Bt sR jBt� sR �Y� {B���R}BtI$t�

�j�8�t�R BP -W � ;W � �W � stI �W s�� R�� �B 9��B� bY$j� R�$jj 8s$t�s$t$t� Rk88���${ }BR$�$%�TI�ht$��

}�B}���k $t �Y� ��8s$t$t� 4�-$Aj� {Bt�s{� RZAR}s{��

i�8s�, 1�xU yt �Y� 8BI�j wnD� tB R�$&t�RR ���8 $R sRRZ8�I bY�t �s��TPB�{� {Bt��Bj $R ZR�I� qY$R

$R ��Z� PB� RB8� s}}j${s�$BtR RZ{Y sR RB$j �-{s%s�$Bt bY��� �Y� }BR$�$BtTI�}�tI�t� ��R$R�st� PB�{� $t

�Y� Rj$I$t� I$��{�$Bt {st A� ABZtI�I� 3B� B�Y�� s}}j${s�$BtR� $P s R�$&t�RR ���8 $R t�{�RRs�$jk $t%Bj%�I

b$�Y �s��TPB�{� {Bt��Bj stI �Y� Rjs%� bB�,$t� �st�� $R j$8$��I� �Y�t �Y$R R�$&t�RR ���8 $R ABZtI�I stI

{st A� $t{jZI�I $t �W �

x



1D qY� 7js%� iBAB�U V E
 E ��B�I��$t� 8s��$- >CW C�H $R PB�8�I RZ{Y �Ys�

�
CW C�

=
�d

)

^
Cx
W

Cx
�

�
,

bY��� CW ; pE
zW stI C� ; pE
z� {Bt�s$t Zt$�� B��YB�Btsj� stI {BtR�st� %�{�B�R �Ys� R}st �Y�

4�-$Aj� {Bt�s{� RZAR}s{� stI �Y� �$�$I {Bt�s{� RZAR}s{�� ��R}�{�$%�jk�

V P�s8� 5 $R jB{s��I s� �Y� {Bt�s{� }B$t� A��b��t �Y� �t%$�Bt8�t� stI �Y� Rjs%� �BAB�� stI $R

h-�I �B �Y� Rjs%� �BAB�� qY� PB�{�\8B8�t� stI j$t�s�\st�Zjs� %�jB{$�k BP P�s8� 5 stI �-}��RR�I $t

P�s8� 5 >1dH {st A� b�$���t sR

5B ) x�xL

�
CW C�

= ^
�W >XW

�� >X�

�
, wxD

5~ ) xL
�
CW C�

= ^
}W

wd� ��D }�

�
, wED

bY��� xL ; p
E
E $R st $t%���$Aj� ��stRPB�8s�$Bt 8s��$-� ���� �Y� �$�Y�TjBb n
 n RZAT8s��$- 8sk ��}T

��R�t� �Y� ��stRPB�8s�$Bt A��b��t st�Zjs� %�jB{$�k stI �Y� �$8�TI��$%s�$%� BP JZs���t$Bt �-}��RR$Bt�

stI ��8s$tR PZjjT�st, sR jBt� sR �Y� Zt$JZ� R$t�Zjs�$�k }B$t� $R tB� ��s{Y�I�

 sR�I Bt �Y� {Bt{�}� BP %$��Zsj I�{B8}BR$�$Bt >1dH� Btjk �Y� Ikts8${R BP �Y� j$t,R stI `B$t�R

s�� ��JZ$��I �B ��}��R�t� �Y� Ikts8${R BP s �BAB�� VRRZ8� �Ys� �Y� Rjs%� �BAB� $R s R$-T`B$t� �BAB��

FB$t� i� i ) d, 1, N N N , E� {Btt�{�R j$t, i � d b$�Y j$t, i� N$t, ( $R {Btt�{��I �B �Y� AsR� stI j$t, E $R

{Btt�{��I �B �Y� �tIT�&�{�B�� 7$- sZ-$j$s�k P�s8�R Ui � i ) d, 1, N N N , E� s�� �s{Y h-�I �B j$t, i b$�Y

�Y�$� F s-$R {B$t{$I�t� b$�Y �Y� i�Y `B$t��

qY� %�jB{$�k ��stRPB�8s�$Bt �JZs�$Bt b$�Y$t �Y� 8st$}Zjs�B� $R

Ui~ )Ui�dJx
Ui

Ui�d~ L .i �Ri , w�D

bY��� Ri ; p I�tB��R �Y� I$R}js{�8�t� BP �Y� i�Y `B$t�� .i ) >( ( d ( ( (Hx PB� s }�$R8s�${ `B$t�

stI .i ) >( ( ( ( ( dHx PB� s ��%BjZ�� `B$t�� Ui�dJUi
; pE
E I�tB��R s PB�{�\8B8�t� ��stRPB�8s�$Bt

8s��$- bY${Y ��stRPB�8R s PB�{�\8B8�t� 8�sRZ��I stI �-}��RR�I $t P�s8� Ui �B �Ys� 8�sRZ��I stI

�-}��RR�I $t P�s8� Ui�d� stI
Ui~ ; pE I�tB��R s ��t��sj$9�I j$t�s�\st�Zjs� %�jB{$�k BP P�s8� Ui stI

�-}��RR�I $t P�s8� Ui �  k R���$t� �Ri ) (� w�D �$%�R �Y� %�jB{$�k ��stRPB�8s�$Bt b$�Y$t s �$�$I ABIk�

E



qY� Ikts8${R BP `B$t� i $R

+ i
�
) {	i [Ri L �iw0D L Qi ) +i � .

x
i

UiB , wMD

bY��� {	i ; p $R �Y� �JZ$%sj�t� �B�s�$Btsj $t���$s� �iw0D ; p $R �Y� P�${�$Btsj PB�{�\�B�JZ�� stI Qi ; p

I�tB��R s {BtR�st� Zt{���s$t�k� +i ; p $R �Y� `B$t� {Bt��Bj PB�{�\�B�JZ�� stI UiB ; pE I�tB��R �Y�

�-���$t� PB�{�\8B8�t� P�B8 j$t, i � d �Bbs�I j$t, i� 8�sRZ��I stI �-}��RR�I $t P�s8� Ui �

qY� Ikts8${R BP j$t, i {st A� b�$���t sR

-Ui

Q

Q0
wUi~ D L gUi

Ui~ LtUi
)Ui B , w�D

bY��� -Ui
; pE
E $R {BtR�st�� Rk88���${� stI }BR$�$%�TI�ht$��� gUi

; pE
E $R R,�bTRk88���${�

tUi
; pE $R s %�{�B� >1dH� UiB I�tB��R �Y� t�� PB�{�\8B8�t� BP j$t, i stI $R �B%��t�I Ak

UiB )Ui B �UiJUiLd

UiLdB wd(D

b$�Y U�B )5B �

yt %$�b BP wdDTwd(D� �Y� Ikts8${ 8BI�j BP �Y� Rjs%� �BAB� $t{B�}B�s�$t� �Y� �$�$I\4�-$Aj� �t%$T

�Bt8�t� {st A� b�$���t sR

ww x
X &X wXD �}X L ww

x
X aX wX L w

x
X &X

�wXD }X L w
x
X rX ) x�dX +X �

^
(

�� >X�

�
, wddD

bY���

}X )
�
}xXW wd� ��D }

x
X�

=x
,

+X ) >+d, N N N , +i , N N N , +EH
x ,

&X ) Q7y/\&	, �W -Wi ,

aX ) Q7y/\a	, (i ,

rX )
�
r	x , >;W

��XW L & �W �XW L wd� &D �W H
x
=x

,

wX )

m
t 	 O�d xL

�
CW C�

=
�
{zW

(zW
z�

=
u
{ ,

xX ) Ox x�xL

�
CW C�

=
,

�



&	 ) Q7y/\{	d , N N N , {
	

E ,-Ud
, N N N ,-UE

i ,

a	 ) Q7y/\(, N N N , (, gUd
, N N N , gUE

i ,

r	 ) >w�dw0D L QdD, N N N , w�Ew0D L QED, t
x
Ud
, N N N , tx

UE
Hx ,

O )
�

UdJx
5 .d

U1Jx
5 .1 N N N

UEJx
5 .E

=
,

	 )

m
NNNNNNt

{E
.d

UdJx
U1

.d .1

���
� � �

� � �
UdJx

UE
.d

U1Jx
UE

.1 N N N .E

u
UUUUUU{
3

V I��s$j�I }�B{�IZ�� PB� BA�s$t$t� wddD $R �$%�t $t V}}�tI$- V�

 � *kts8${R BP �Y� �sR��� iBAB� yt{B�}B�s�$t� �Y� <Z8st !}��s�B�

dD qY� <Z8st !}��s�B�U  sR�I Bt �Y� ��R�s�{Y $t >11� 1nH� �Y� PBjjBb$t� �bBTB�I�� Nqy 8BI�j

$R ZR�I PB� �Y� B}��s�B��

-_
[�_ L;_

��_ L�_ �_ ) >E �>
	

_ , wd1D

bY��� -_� ;_� stI �_ s�� �Y��� E 
 E {BtR�st�� �$8�T$t%s�$st�� Rk88���${� stI }BR$�$%�TI�ht$��

8s��${�R sRRB{$s��I b$�Y �Y� $t���$s� �Y� Is8}$t�� stI �Y� R�$&t�RR BP �Y� YZ8st B}��s�B�� >E ; p
E

$R �Y� ��s{�$Bt PB�{�\8B8�t� P�B8 �Y� 8sR��� �BAB� �Bbs�I �Y� YZ8st YstI� >	_ ; pE I�tB��R �Y�

�-B��tBZR PB�{�\8B8�t� ��t��s��I Ak �Y� B}��s�B�� RZA`�{� �B

,>	_, � 
_ c L wdnD

bY��� 
_ $R s }BR$�$%� {BtR�st�� stI �_ ) >?x_  x_ H
x ; pE I�tB��R �Y� }BR$�$Bt\B�$�t�s�$Bt BP �Y�

YZ8st B}��s�B�� bY��� ?_ ; p
n $R �Y� j$t�s� }BR$�$Bt stI  _ ; p

n $R �Y� %�{�B� }s�� BP s JZs���t$Bt

�-}��RR$Bt >�_,  
x
_ H

x ; p; A��b��t �Y� {Z���t� B}��s�B� YstI B�$�t�s�$Bt stI �Y� ��P���t{� B�$�t�s�$Bt�

i�8s�, 1�EU qY� Ikts8${R BP s ��sj YZ8st B}��s�B� $R %��k {B8}j${s��I� $R }BR�Z��TI�}�tI�t��

�$8�TI�}�tI�t�� stI RZA`�{�TI�}�tI�t�� qY� Nqy 8BI�j wd1D $R Btjk st s}}�B-$8s�$Bt s� {���s$t

B}��s�$Bt }B$t�R b$�Y$t {���s$t }s�s8���� �st��R� 3Z��Y�� ��R�s�{Y b$jj �s,� $t�B s{{BZt� �Y� sIs}�$%�

}�B}���$�R BP �Y� YZ8st B}��s�B� b$�Y ��R}�{� �B BA`�{� {Bt��Bj Ikts8${R�

M



i�8s�, 1��U qY� JZs���t$Bt �-}��RR$Bt $R ZR�I �B �-}��RR �Y� B}��s�B� YstI B�$�t�s�$Bt� iBT

�s�$Bt BP $ b$jj tB� Ys}}�t $t 8BR� {sR�R� qY���PB��� �Y$R JZs���t$Bt �-}��RR$Bt $R sRRZ8�I �B A�

R$t�Zjs�$�k P����

VRRZ8� �Ys� s P�s8� � $R h-�I �B �Y� YstIj� BP �Y� 8sR��� �BAB�� qY� %�jB{$�k ��stRPB�8s�$Bt

P�B8 ��_ �B
�~ $R

x_ )

m
t �p{ (

(
�
d
1
>�_ {n � w _
DH

=
�d

u
{ ,

bY��� �~ ; pE I�tB��R s ��t��sj$9�I j$t�s�\st�Zjs� %�jB{$�k BP P�s8� �� �-}��RR�I $t P�s8� �� stI

�p{ ; p
n
n $R s �B�s�$Btsj 8s��$- bY${Y ��stRPB�8R s %�{�B� �-}��RR�I $t �Y� $t���$sj P�s8� �B �Ys�

�-}��RR�I $t P�s8� �� �s��$- x_ ; p
E
E ��8s$tR PZjjT�st, sR jBt� sR �_ W) (�

1D qY� �sR��� iBAB�U  k R���$t�

fE ) �_ , }E ) ��_ , �}E ) [�_ , wd;D

stI PBjjBb$t� st s}}�Bs{Y R$8$js� �B �Ys� j�sIR �B wddD� �Y� Ikts8${ �JZs�$Bt BP �Y� 8sR��� �BAB�

$t{B�}B�s�$t� �Y� YZ8st B}��s�B� {st A� BA�s$t�I sR

ww x
E &E wED �}E L ww

x
E aE wE L w

x
E &E

�wED }E L w
x
E rE ) x�dE +E �>

	

_ , wdxD

bY���

&E ) Q7y/\&	,-_i ,

aE ) Q7y/\a	, (i ,

rE )
�
r	x , >;_

��_ L�_ �_H
x
=x

,

wE )

^
	 O�d x_

{E

�
,

xE ) Ox x�x_ ,

+E ; p
E $R �Y� {Bt��Bj %�{�B�� &	� a	� r	� O � stI 	 Ys%� �Y� R$8$js� PB�8R sR �Y�R� $t wddD� �-{�}�

P�s8� � $R RZAR�$�Z��I PB� P�s8� 5�

i�8s�, 1�MU y� $R {j�s� P�B8 wddD stI wdxD �Ys� �Y� Ikts8${R BP �Y� 4�-$Aj� �t%$�Bt8�t� $R $t{B�T

}B�s��I $t�B �Y� Ikts8${R BP �Y� Rjs%� �BAB� stI �Y� Ikts8${R BP �Y� YZ8st B}��s�B� $R $t{B�}B�s��I

$t�B �Y� Ikts8${R BP �Y� 8sR��� �BAB��

�



]� VIs}�$%� ]Bt��Bj *�R$�t

qY� {Bt��Bj jsbR PB� AB�Y �Y� Rjs%� �BAB� wddD stI �Y� 8sR��� �BAB� wdxD s�� I�R$�t�I sR

+X ) xX

^
w x
X SX |�X L

^
(

�� \
�d
� wg�d�

�}X�Q L }X�QD

�
L�X w}XQ � }X �\ K>XD

�
, wdED

+E ) xE
�
w x
E SE |�E L�E w}EQ � }E �\ K>ED L 
_ R$�tw}EQ � }E �\ K>ED

=
, wd�D

bY��� }XQ ) >}xXWQ,}
x
X�QH

x ; pE b$�Y }XWQ ; pzW stI }X�Q ; pz� � stI }EQ ; pE s�� �bB {B88stI

%�{�B�R� �� ; p
E
E� � ) \X,Ei� $R s }BR$�$%�TI�ht$�� P��IAs{, �s$t 8s��$-� \ ) Q7y/\\W , \�i ; p

E
E

$R s I$s�Btsj }BR$�$%�TI�ht$�� 8s��$- b$�Y R8sjj �j�8�t�R� bY��� \W ; pzW stI \� ; pz� � K>� ; pE

I�tB��R s hj����I {Bt�s{� PB�{� �B%��t�I Ak

�K>� L g K>� ) g >� , wdMD

bY��� g ) Q7y/\gW , g�i ; p
E
E $R s I$s�Btsj }BR$�$%�TI�ht$�� 8s��$- b$�Y gW ; p

zW stI g� ; p
z� �

|�� I�tB��R �Y� �R�$8s�� BP �� bY${Y {Bt�s$tR sjj {BtR�st� Ikts8${ }s�s8����R BP �Y� Rjs%� B� 8sR���

�BAB�� stI S� $R s �����RRB� 8s��$- I�ht�I Ak

S� �� )&�
Q

Q0
>w� w}�Q �\ K>�DH L a� w� w}�Q �\ K>�D L r� 3 wd�D

qY� AjB{, I$s�Btsj }�B}���k BP&� stI a� 8s,�R S� AjB{, I$s�Btsj� y� PBjjBbR �Ys�

S� �� )
�
wS�d ��dD

x , N N N , wS�> ��>D
x , N N N

=x
, w1(D

bY��� S�> ��> {B���R}BtIR �B �Y� >�Y RZARkR��8 bY${Y 8sk A� s �$�$I j$t, w�D� s `B$t� wMD� �Y�

�t%$�Bt8�t� wnD� B� �Y� YZ8st B}��s�B� wd1D� qY� AjB{, I$s�Btsj R��Z{�Z�� BP S� �� sjjBbR }s�sjj�j

{sj{Zjs�$BtR �B �s,� }js{� $t {Bt��Bjj�� $8}j�8�t�s�$BtR�

i�8s�, 1��U qY� {Bt��Bj jsbR wdED stI wd�D s�� �k}${sjjk 8BI�jTAsR�I P��IPB�bs�I {B8}�tRs�$Bt

}jZR P��IAs{, {Bt��Bj� qY� I�R$�t }Y$jBRB}Yk $R R$8$js� �B �Y� 7jB�$t� stI N$ {Bt��Bjj�� >1;H� qY�

h�R� �bB ���8R $t �Y� �$�Y� YstI R$I� BP wdED stI �Y� h�R� ���8 $t �Y� �$�Y� YstI R$I� BP wd�D s��

P��IPB�bs�I {B8}�tRs�$Bt ���8R� qY� ��8s$t$t� ���8R $t �Y� �$�Y� YstI R$I�R BP wdED stI wd�D s��

P��IAs{, {B���{�$Bt ���8R�

d(



i�8s�, 1�d(U qY� $t��BIZ{�$Bt BP PB�{� R$�tsjR $t�B %�jB{$�k P��IAs{, {st A� PBZtI $t }��%$BZR

}ZAj${s�$BtR >1x� 1EH� <Bb�%��� PB�{� R$�tsjR s�� ZR�I I$&���t�jk $t �Y$R }s}��� 3$�R�� s hj����I PB�{�

$tR��sI BP �Y� PB�{� $t����sj $R ZR�I� stI R�{BtI� s R8sjj �s$t 8s��$- \ $R ZR�I sR B}}BR�I �B >1x� 1EH�

VR b$jj A� R��t A�jBb� ZR$t� s R8sjj �s$t 8s��$- \ $R s ,�k }B$t� $t s{Y$�%$t� s R�sA$j$�k �Zs�st���I

I�R$�t�

i�8s�, 1�ddU yt {Bt��Bj jsb wdED� �Y� I�R$��I {Bt�s{� PB�{� $t �$�$I {BtR��s$t� R}s{� $R �s,�t sR s

P��IPB�bs�I ���8 �tsAj�I Ak �Y� �$�$I {Bt�s{� A$ts�k Ps{�B� ��� qY� %sjZ� BP �� {st A� I����8$t�I Ak

�Y� ��js�$BtRY$} A��b��t �Y� %�jB{$�k stI �Y� {Bt�s{� PB�{�� R$t{� $t �$�$I {Bt�s{� �Y��� $R 9��B %�jB{$�k

b$�Y s {BtR$I��sAj� s8BZt� BP PB�{��

qY� }s�s8���� sIs}�s�$Bt PB� AB�Y �Y� Rjs%� stI 8sR��� �BAB�R $R }�B}BR�I sR

�|��7 ) '�7 ��7 X�7 , w1dD

X�7 ) S
x
�7 w� w}�Q � }� �\ K>�D

��7 )

T�z
�Z
( |��7 � �

�

�7 stI X�7 � (

( |��7 � �
L
�7 stI X�7 � (

d B�Y��b$R�

bY��� �Y� RZAR{�$}� �7 $R sRR$�t�I �B �Y� 7�Y }s�s8���� BP �$�Y�� �Y� Rsj%� w� ) XD B� �Y� 8sR���

w� ) ED �BAB�� '�7 k ( $R �Y� Z}Is�� �s$t PB� �Y� 7�Y }s�s8����� S�7 I�tB��R �Y� 7�Y {BjZ8t BP

S� � stI �
�

�7 stI �
L
�7 I�tB�� �Y� jBb�� stI Z}}�� ABZtIR BP �Y� 7�Y }s�s8���� ��7�  k sRRZ8$t�

��7 ; >�
�

�7,�
L
�7H� $� $R �sRk �B {Y�{, P�B8 w1dD �Ys�

w��7 � |��7D wX�7 �
�|��b'�7D ) w��7 � |��7D X�7 wd� ��7D � ( 3 w11D

V R$8}j� �-s8}j� BP s}}jk$t� wdED� wd�D stI w1dD $R �$%�t $t V}}�tI$-  �

i�8s�, 1�d1U _s�s8���� sIs}�s�$Bt w1dD {st A� }��PB�8�I b$�Y ��R}�{� �B �s{Y }s�s8����

$tI�}�tI�t�jk� es{Y }s�s8���� $R sRR$�t�I s }s$� BP jBb�� stI Z}}�� ABZtIR ���7 stI �
L
�7� bY${Y {st

}��%�t� �Y� }s�s8���� �R�$8s�� P�B8 I�$P�$t�� V js��� I$&���t{� A��b��t �Y� jBb�� stI Z}}�� ABZtIR

8�stR s js��� Zt{���s$t�k BP �Y� }s�s8����� 3B� s ,tBbt }s�s8����� BP {BZ�R�� $�R jBb�� ABZtI $R

�-s{�jk �JZsj �B $�R Z}}�� ABZtI�

]sj{Zjs�$BtR BP wdED� wd�D� stI w1dD $t%Bj%� �Y��� R��}R sR PBjjBbRU

dd



dD 7��} d U ]sj{Zjs�� w� }� stI w� w}�Q �\ K>�D� qY$R R��} $R }��PB�8�I ��{Z�R$%�jk�

1D 7��} 1 U ]sj{Zjs�� S� |�� $t w1(D stI
�|�� $t w1dD� qY$R R��} $R }��PB�8�I $t }s�sjj�j A�{sZR� BP �Y�

AjB{, I$s�Btsj R��Z{�Z�� BP&� stI a� � stI $t �Z�t �Y� AjB{, I$s�Btsj R��Z{�Z�� BP S� |�� �

nD 7��} n U ]sj{Zjs�� wdED stI wd�D� V {B���R}BtI$t� ��{Z�R$%� {sj{Zjs�$Bt $R ��JZ$��I�

*� 7�sA$j$�k

7ZAR�$�Z�$t� wdED $t�B wddD� stI wd�D $t�B wdxD stI ZR$t� wd�D k$�jI

w x
X &X

Q

Q0

�
wX w}XQ �}X �\ K>XD

=

) �ww x
X aX wX L�XD w}XQ �}X �\ K>XD�

^
(

�� >\
�d
� wg�d�

�}X�Q L }X�QD�>X�H

�

Lw x
X SX w�X � |�XD , w1nD

w x
E &E

Q

Q0

�
wE w}EQ � }E �\ K>ED

=

) �ww x
E aE wE L�ED w}EQ � }E �\ K>ED L >>

	

_ � 
_ R$�tw}EQ �}E �\ K>EDH

Lw x
E SE w�E � |�ED 3 w1;D

qbB tBtTt��s�$%� PZt{�$BtR s�� {YBR�t sR

~X )
d

1

�
w}XQ � }X �\ K>XD

x w x
X &X wX w}XQ � }X �\ K>XD

L�� w}X�Q �\�
K>X�D

x w\� g�D
�d w}X�Q �\�

K>X�D L
3
7

w�X7 � |�X7D
1b'X7

�
, w1xD

~E )
d

1

�
w}EQ �}E �\ K>ED

x w x
E &E wE w}EQ � }E �\ K>ED

L
3
7

w�E7 � |�E7D
1b'E7

�
3 w1ED

3B� {BtR�st� �W stI ��� �Y� �$8�TI��$%s�$%�R BP w1xD stI w1ED s�� BA�s$t�I A�jBb $t w1�D stI

w1MD� ZR$t� w1nD� w1;D� wdMD� w11D� stI �Y� Ps{� �Ys� a� $R R,�bTRk88���${�

�~X � �w}XQ � }X �\ K>XD
x �X w}XQ � }X �\ K>XD

��� w}X�Q �\�
K>X�D

x w\�d� D w}X�Q �\�
K>X�D , w1�D

�~E � �w}EQ � }E �\ K>ED
x �E w}EQ � }E �\ K>ED 3 w1MD

d1



qY�B��8 dU ]BtR$I�� s Rjs%� �BAB� $t{B�}B�s�$t� s �$�$I\4�-$Aj� �t%$�Bt8�t� wddD stI s 8sR���

�BAB� $t{B�}B�s�$t� s YZ8st B}��s�B� wdxD RZA`�{� �B {Bt��Bj wdED stI wd�D� ��R}�{�$%�jk� ZtI�� �Y�

}s�s8���� sIs}�s�$Bt w1dD� y� PBjjBbR �Ys�

'X
�
) }XQ � }X �\ K>X ; U1

<
U , w1�D

'E
�
) }EQ � }E �\ K>E ; U1

<
U wn(D

PB� {BtR�st� �W stI ���

_�BBPU yt %$�b BP w1xDTw1MD� $� PBjjBbR �Ys� ~X � (� ~E � (� �~X � (� stI �~E � ( PB� {BtR�st� �W stI

��� qY$R $8}j$�R �Ys� 'X ; U stI 'E ; U � 3Z��Y��8B��� $t����s�$t� w1�D stI w1MD k$�jIR 'X ; U1

stI 'E ; U1�

n n n

i�8s�, 1�dnU WB�� �Ys� w1�D $R %sj$I Btjk bY�t �W w �W $R $t%Bj%�I $t&XD stI �� s�� {BtR�st��

�$�Y�� Lz� B� F��L� GY�t ��stR$�$Bt }YsR�R s�� {BtR$I���I� ~X {st A� Zt$PB�8jk {Bt�$tZBZR� $���

�~X ; U � Btjk bY�t �Y� 4�-$Aj� �t%$�Bt8�t� YsR 9��B 8sRR w-W ) ( $t wnDD stI z� ) (� yt B�Y��

{sR�R BP �$�$I {Bt�s{� wbY��� �Y� %�jB{$�k `Z8}R �B 9��B s� {Bt�s{�D stI 4�-$Aj� {Bt�s{� b$�Y tBtT

9��B �t%$�Bt8�t� 8sRR wbY��� �Y� 8sRR {Bjj$R$Bt Ys}}�tR� bY${Y sjRB j�sIR �B %�jB{$�k `Z8}D� $tht$��

s{{�j��s�$Bt B{{Z�� qY���PB�� �~X ; U 8sk tB� YBjI� qY� R�sA$j$�k stsjkR$R PB� ��stR$�$Bt }YsR�R BP

�$�$I {Bt�s{� stI BP tBtT9��B 8sRR {Bjj$R$BtR ��8s$tR st $RRZ� PB� PZ��Y�� ��R�s�{Y�

yyy q�j�B}��s�$Bt

7$t{� AB�Y �Y� Rjs%� �BAB� $t{B�}B�s�$t� �Y� �t%$�Bt8�t� stI �Y� 8sR��� �BAB� $t{B�}B�s�$t� �Y�

B}��s�B� s�� RZA`�{� �B $tI�}�tI�t� sIs}�$%� 8B�$Bt\PB�{� {Bt��Bj� �Y� ��j�B}��s�$Bt I�R$�t $R ���s�jk

R$8}j$h�I stI $t%Bj%�R R}�{$Pk$t� �bB I�R$�t %�{�B�R }XQ stI }EQ� yt �Y$R R�{�$Bt� AB�Y Zt$js���sj

��j�B}��s�$Bt bY��� Btjk }XQ $R R}�{$h�I stI A$js���sj ��j�B}��s�$Bt bY��� AB�Y }XQ stI }EQ s��

R}�{$h�I s�� sII��RR�I�

dn



V� =t$js���sj q�j�B}��s�$Bt

yt Zt$js���sj ��j�B}��s�$Bt� {B88stIR Btjk 4Bb P�B8 �Y� 8sR��� �B �Y� Rjs%�� qY��� $R tB PB�{�

$tPB�8s�$Bt P��IAs{, �B �Y� 8sR���� qY� Btjk I�R$�t %�{�B� }XQ $R BA�s$t�I P�B8

�}XQ L g }XQ ) g pw0D , wndD

bY��� pw0D ; U I�tB��R �Y� {B88stI P�B8 �Y� 8sR��� �BAB��

N�88s dU ]BtR$I�� st �JZs�$Bt �? L � ? ) `� bY��� � k ( $R s }BR$�$%� {BtR�st�� stI ? $R s

I$&���t�$sAj� PZt{�$Bt� yP ` ; U � �Y�t �? ; U stI ? ; U � stI $P ` ; U1� �Y�t �? ; U1 stI ? ; U1�

n n n

N�88s 1U ]BtR$I�� st B�I$ts�k I$&���t�$sj �JZs�$Bt

- [� L; �� L� � ) J ,

bY��� - � ;� stI � s�� z
z� z � d� �$8�T$t%s�$st� Rk88���${ }BR$�$%�TI�ht$�� 8s��${�R� yP J ; Uz
 
�

�Y�t � ; Uz
 
� �� ; Uz

 
� stI [� ; Uz

 
�

n n n

yt %$�b BP wndD stI N�88s d� $� PBjjBbR �Ys� �}XQ ; U stI }XQ ; U � 3�B8 w1�D� wdDTw;D� wdMD�

stI N�88s 1� $� PBjjBbR �Ys� }X� ; U �
�K}XW ; U � K}XW ; U � K�XW ; U � stI K>X ; U � bY��� K<W �

<W ) \}XW ,�XWi� $R I�ht�I Ak
�K<W L gW

K<W ) gW <W � 3Z��Y��8B��� $� PBjjBbR �Ys� }X ; U stI

�XW ; U �

7ZAR�$�Z�$t� wdED $t�B wddD stI ZR$t� wdMD� wd�D� stI w1�D k$�jI

ZX

^
�}XW

wd� ��D �}X� L �� >X�

�
) �Z	X

^
�}XW

wd� ��D �}X� L �� >X�

�
L -X , wn1D

bY���

ZX
�
) ww x

X &X wXD

^
{zW

(

( wd� ��D {z�

�
L

^
( (
( �� {z�

�
,

Z	X
�
) ww x

X
|&X wXD \ g

^
�W -W (
( �� {z�

�
,

-X
�
) ww x

X
|&X wXD

X
�}XQ L\ g K>X � �W \ g

^
;W

��XW L & �W �XW L wd� &D �W

(

�~

d;



Lww x
X

|&X
�wX L w

x
X
|aX wXD w}XQ �\ K>XD L w

x
X
|rX L

^
(

�� \
�d
� wg�d�

�}X�Q L }X�QD

�

L�X 'X � ww
x
X aX wX L w

x
X &X

�wXD }X � w
x
X rX 3

Vt sj��A�s${ jBB} sABZ�
�
�}xXW wd� ��D �}

x
X� L �� >

x
X�

=x
$R PB�8�I IZ� �B �Y� h�R� ���8 $t �Y�

�$�Y� YstI R$I� BP wn1D bY${Y ��RZj�R P�B8 �Y� {Bt��Bj jsb wdED stI wd�D� qB }��R��%� R�sA$j$�k $t s

I$R{���� $8}j�8�t�s�$Bt� s t�{�RRs�k stI RZ^{$�t� {BtI$�$Bt $R �Ys�

I��
p
F {E LZ

�d
X Z	X

Q
) ( wnnD

YsR RBjZ�$BtR $tR$I� �Y� Zt$� {$�{j�� yt %$�b BP Z	X� �Y$R {st A� $tRZ��I $P �Y��� �-$R�R s }BR$�$%� {BtR�st�

�X RZ{Y �Ys�

,\ g, � �X 3 wn;D

7$t{� 4X ; U � $� PBjjBbR �Ys� �}X ; U stI >X ; U � yt %$�b BP w1nD� �'X ; U $R s{Y$�%�I�

3Z��Y��8B�� 'X � ( $R BA�s$t�I $t ���8R BP w1�D�

qY�B��8 1U 3B� �Y� Rjs%� �BAB� $t{B�}B�s�$t� s �$�$I\4�-$Aj� �t%$�Bt8�t� wddD {B8A$t�I b$�Y

�Y� sIs}�$%� {Bt��Bjj�� wdED� wd�D� wdMD� w1dD� stI �Y� Zt$js���sj ��j�B}��s�$Bt {Bt��Bjj�� wndD� ZtI��

�Y� {BtI$�$Bt wn;D� $� PBjjBbR �Ys�

}XWQ � }XW �\W
K>XW �� ( , PB� {BtR�st� �W ,

}X�Q � }X� �� ( , PB� �� ) ( ,

}X�Q �\�
K>X� �� ( , PB� �� ) d 3

n n n

qY$R s{Y$�%�R $8}�Ist{� {Bt��Bj PB� 4�-$Aj� �t%$�Bt8�t� {Bt�s{�� %�jB{$�k ��s{,$t� PB� s}}�Bs{Y 8BT

�$Bt� stI PB�{� ��s{,$t� PB� �$�$I �t%$�Bt8�t� {Bt�s{� b$�Y$t s P��JZ�t{k �st�� >(, �wg�Db1$H� bY���

� I�tB��R �Y� jBb�R� R$t�Zjs� %sjZ��

 �  $js���sj q�j�B}��s�$Bt

yt A$js���sj 8B�$Bt\PB�{� ��j�B}��s�$Bt� �Y� �bB I�R$�t %�{�B�R }XQ ; pE stI }EQ ; pE s��

dx



R}�{$h�I sR

}XQ ) �� wK}E L � KfED� & � fX �\ �W K>E , wnxD

}EQ ) ��d�

+
K}X L & � KfX � �� � fE �\ > K>X L w�W � ��D K>EH

�
, wnED

bY��� �� ; pE
E stI �W ; pE
E I�tB�� �Y� 8B�$Bt R{sj$t� stI PB�{� R{sj$t� 8s��${�R� ��R}�{�$%�jk�

P�B8 �Y� 8sR��� �Bbs�IR �Y� Rjs%�� & $R s A$ts�k R�j�{�$%� Ps{�B� A��b��t �Y� }BR$�$BtTPB�{� {Bt��Bj

8BI� w& ) dD stI �Y� �s��TPB�{� {Bt��Bj 8BI� w& ) (D� � ; pE
E k ( $R s I$s�Btsj {Bt��Bj 8s��$-� fE

stI fX I�tB�� �Y� }BR$�$Bt\B�$�t�s�$BtR BP �Y� 8sR��� stI �Y� Rjs%�� ��R}�{�$%�jk� RZA`�{� �B �fE ) }E

stI �fX ) }X� N�� K<� < ) \}E, }X, fE, fXi� A� BA�s$t�I Ak h�R� B�I�� hj���$t�

�K<L g K< ) g < 3 wn�D

qY� I$s��s8 BP �Y� {B8}j��� A$js���sj ��j�B}��s�$Bt {Bt��Bj RkR��8 $R $jjZR��s��I $t 3$�� 1�

i�8s�, n�dU qY� ��j�B}��s�$Bt I�R$�t wnxD stI wnED 8s,�R �}XQ stI �}EQ A� PZt{�$BtR BP }E� }X�

>E� stI >X� $t ���8R BP wdMD stI wn�D� qY���PB��� tB s{{�j��s�$Bt 8�sRZ��8�t� $R ��JZ$��I Ak �Y�

{Bt��Bjj��R wdED stI wd�D�

i�8s�, n�1U WB�� �Ys� fX 8sk $t%Bj%� eZj�� JZs���t$BtR �B �-}��RR B�$�t�s�$Bt� yt B�I�� �B s%B$I

�Y� Zt$JZ� R$t�Zjs�$�k }B$t� {B���R}BtI$t� �B �B�s�$Bt BP $� �s��TPB�{� {Bt��Bj RYBZjI A� �8}jBk�I PB�

js��� �B�s�$BtR $t P��� 8B�$Bt�

7ZAR�$�Z�$t� wnxD stI wnED $t�B w1�D stI wn(D� stI IB$t� RZ88s�$Bt stI RZA��s{�$Bt k$�jI

'X � �� 'E ) �� K}E � K}X L � >�� KfE � & KfXH L �� }E � }X L� >�� fE � & fXH , wnMD

'X L �� 'E ) �� wK}E � }ED L K}X � }X

L� �� w KfE �fED L & � w KfX �fXD� 1 \ w K>X L �W K>ED

) �g�d
p
��

�K}E L
�K}X L � �� K}E L & � K}X

Q

�1 \ w K>X L �W K>ED 3 wn�D

eJZs�$Bt wnMD {st A� ��b�$���t sR

K� L � ) 'X � �� 'E , w;(D

dE



bY���

�
�
) �� }E � }X L � >�� fE � & fXH , w;dD

�K� L g K� ) g � 3 w;1D

7ZAR�$�Z�$t� w;1D $t�B w;(D stI ZR$t� N�88s d k$�jI �K� ; U1

)
U � K� ; U1

)
U � stI PZ��Y��

� ; U1

<
U 3 w;nD

yt {sR� BP }BR$�$BtTPB�{� {Bt��Bj w& ) dD� $� PBjjBbR P�B8 w;dD� w;nD� stI N�88s d �Ys�

'�
�
) �� }E � }X ; U1

<
U , w;;D

'6
�
) �� fE �fX ; U1

<
U 3 w;xD

qY$R �Zs�st���R U1 stI U R�sA$j$�k PB� AB�Y %�jB{$�k stI }BR$�$Bt ���B�R� ���s�Ij�RR BP P��� 8B�$Bt

B� 4�-$Aj�\�$�$I {Bt�s{� 8B�$Bt�

yt {sR� BP �s��TPB�{� {Bt��Bj w& ) (D� $� PBjjBbR P�B8 w;dD �Ys�

'�
�
) w�� }E L� �� fED� }X ; U1

<
U 3 w;ED

qY$R �Zs�st���R U1 stI U R�sA$j$�k PB� st ���B� A��b��t �Y� Rjs%� %�jB{$�k }X stI s {B8A$ts�$Bt BP

�Y� 8sR��� %�jB{$�k stI }BR$�$Bt I�tB��I sR �� }E L� �� fE�

yt %$�b BP w;;DTw;ED� �JZs�$Bt wn�D {st A� ��Tb�$���t sR

�
d

1
' ) \�d g�d wXL�D �� K}E L w K>X L �W K>ED , w;�D

bY���

'
�
) \�d

�
�& g�d wXL �D K'� � wd� &D g

�d X K'� L w'X L �� 'ED
=
,

X I�tB��R �Y� Ns}js{� B}��s�B�� K'� stI K'� s�� �B%��t�I Ak �K'� L g K'� ) g '� stI �K'� L g K'� ) g '�

b$�Y '� stI '� I�ht�I Ak w;;D stI w;ED� yt %$�b BP N�88s d� $� PBjjBbR �Ys�

' ; U1

<
U 3 w;MD

3BZ� {sR�R s�� R�ZI$�I sR PBjjBbR�

d�



]sR� dU GY�t �Y� Rjs%� $R $t P��� 8B�$Bt b$�Y �W ) ( stI �� ) (� b� Ys%� >X ) (� y� PBjjBbR

P�B8 wd1D stI w;�D �Ys�

'y )-y
�K}E L;y

K}E L;y
KfE , w;�D

bY���

'y
�
) �

d

1
'� �W K>	_ ,

-y
�
) \�d g�d �� L �W -_ ,

;y
�
) \�d g�d � �� L �W ;_ ,

�y
�
) �W �_ ,

stI �K>
	

_Lg K>	_ ) g >	_ � yt ���8 BP N�88s 1� $� PBjjBbR P�B8 'y ; U �Ys� KfE ; U � K}E ; U � stI

�K}E ; U � 3Z��Y��8B��� $� �$%�R

}E ; U , wx(D

fE ; U , wxdD

K>E ; U , wx1D

}X ; U 3 wxnD

]sR� 1U GY�t �Y� Rjs%� $R $t {Bt�s{� b$�Y �Y� 4�-$Aj� �t%$�Bt8�t� b$�Y �W ) d stI �� ) (� $�

PBjjBbR P�B8 w;;D stI w;ED �Ys�

}X ) �� }E � & '� L wd� &D w� �� fE � '�D 3 wx;D

3Z��Y��8B��� $� PBjjBbR P�B8 w;�D� wnD� stI wx;D �Ys�

'K )- K
�K}E L;K

K}E L�K
KfE , wxxD

bY���

'K
�
) 'y L I$s�\-W , (i >& �K'� L wd� &D �K'�H L I$s�\;W , (i >& K'� L wd� &D K'�H

L& I$s�\�W , (i '6 � wd� &D >�
x
W , (

x Hx ,

dM



- K
�
) -y L I$s�\-W , (i �� ,

;K
�
) ;y L wd� &D I$s�\-W , (i � �� L I$s�\;W , (i �� ,

�K
�
) �y L wd� &D I$s�\;W , (i � �� L & I$s�\�W , (i �� 3

WB�� �Ys� 'K ; U � y� {st A� {Y�{,�I �Ys� �JZs�$BtR wx(DTwxnD s�� R�$jj %sj$I� 3Z��Y��8B��� $� PBjjBbR

P�B8 w;�D stI w;MD �Ys�

K>X ; U 3 wxED

]sR� nU GY�t �Y� Rjs%� $R $t {Bt�s{� �Y� �$�$I �t%$�Bt8�t� b$�Y �W ) ( stI �� ) d� b� Ys%�

}X� ) >(, {z� H }X ) (� yt %$�b BP w;;DTw;ED� $� PBjjBbR �Ys� >(, {z� H }E ; U stI >(, {z� H fE ;

U �  k PBjjBb$t� �Y� R��}R BP ]sR� d stI ��IZ{$t� I$8�tR$Bt P�B8 E �B zW � >{zW
, (H }E ; U stI

>{zW
, (H fE ; U {st A� BA�s$t�I� qY$R k$�jIR K>E ; U P�B8 wd1D stI wd;D� stI }X ; U P�B8

w;;DTw;ED� 3Z��Y��8B��� $� PBjjBbR P�B8 w;�D �Ys� K>X ; U � qYZR� wx(DTwxnD stI wxED YBjI�

]sR� ;U GY�t �Y� Rjs%� $R $t {Bt�s{� AB�Y �Y� 4�-$Aj� stI �$�$I �t%$�Bt8�t�R b$�Y �W ) d stI

�� ) d� ��RZj�R wx(DTwxnD stI wxED s�� R�$jj %sj$I Ak PBjjBb$t� �Y� R��}R $t ]sR�R 1 stI n�

N�88s nU eJZs�$BtR wx(DTwxnD stI wxED YBjI PB� {BtR�st� �W stI ���

n n n

7ZAR�$�Z�$t� wdED $t�B wddD stI wd�D $t�B wdxD� stI ZR$t� wnD� wd1D� wdMD� wd�D� w1�D� wn(D� wnxD�

stI wnED k$�jI

^
ZE (
( ZX

� m
Nt

�}E
�}XW

wd� ��D �}X� L �� >X�

u
U{ ) �

^
Z	E Z	EX

Z	XE Z	X

� m
Nt

�}E
�}XW

wd� ��D �}X� L �� >X�

u
U{L

^
-	E
-	X

�
,

wx�D

bY��� ZX stI Z
	

X Ys%� A��t I�ht�I Ak wn1D� stI

ZE
�
) ww x

E &E wED ; p
E
E ,

Z	E
�
) ww x

E
|&E wED �W �

�d
� \ g -_ ; p

E
E ,

Z	EX
�
) ww x

E
|&E wED �

�d
� \ g

^
�W -W (
( �� {z�

�
; pE
E ,

Z	XE
�
)

�
ww x

X
|&X wXD \ g L �� I$s�\(, {z�i

=
�W -_ ; p

E
E ,

d�



-	E
�
) �w x

E
|&E wE

l
��d� \ g

^
�W >;W

��XW L & �W �XW L wd� &D �W H
(

�

L��d� �W \ g w;_
��_ L�_ �_ L >

	

_D

���d�

�
�K}X L & � K}X � �� � }E L\ g w K>X L �W K>ED

=�

Lww x
E

|&E
�wE L w

x
E
|aE wED w'E L }ED L w

x
E
|rE L�E 'E

L
_ R$�tw'ED� ww
x
E aE wE L w

x
E &E

�wED }E � w
x
E rE �>

	

_ ; p
E ,

-	X
�
) �w x

X
|&X wX \ g

^
�W >;W

��XW L & �W �XW L wd� &D �W H
(

�

�
p
w x
X

|&X wX \ g L I$s�\(, �� {z�i
Q
�W w;_

��_ L�_ �_ L >
	

_D

Lw x
X

|&X wX
�
�� w

�K}E L � K}ED� & � }X L\ g w K>X L �W K>ED
=

Lww x
X

|&X
�wX L w

x
X
|aX wXD w'X L }XD L w

x
X
|rX

LI$s�\(, �� {z�i >\
�d �� w}E L � fED� & \

�d � wg�d }X L fXDH L�X 'X

�ww x
X aX wX L w

x
X &X

�wXD }X � w
x
X rX ; p

E 3

yt %$�b BP N�88s n stI N�88s d� -	E ; U stI -	X ; U {st A� �tRZ��I� WB�� �Ys� Z	E� Z
	

EX� stI

Z	X s�� {Bt�$tZBZR sABZ� \ g� stI s�� 9��B bY�t \ g ) (� qY���PB��� �Y��� �-$R�R s }BR$�$%� {BtR�st�

�K RZ{Y �Ys� PB�

,\ g, � �K , wxMD

�Y� RBjZ�$BtR BP

I��

X
F {d1 L

^
Z�dE Z	E Z�dE Z	EX

Z�dX Z	XE Z�dX Z	X

�~
) ( wx�D

s�� b$�Y$t �Y� Zt$� {$�{j�� qYZR� $� PBjjBbR �Ys� �}E ; U � �}X ; U � >E ; U � stI >X ; U � 3$tsjjk�

$� PBjjBbR P�B8 w1nD stI w1;D �Ys� �'X ; U stI �'E ; U � qY$R $tI${s��R �Ys� 'X stI 'E I�ht�I Ak

w1�D stI wn(D s�� Zt$PB�8jk {Bt�$tZBZR PZt{�$BtR $t U1 stI U � qY$R $8}j$�R

'X �� ( , wE(D

'E �� ( wEdD

PB� {BtR�st� �W stI ��� ]BtR�JZ�t�jk� $� PBjjBbR �Ys�

�� }E � }X �� ( wE1D

1(



�� fE �fX �� ( wEnD

$t }BR$�$BtTPB�{� {Bt��Bj stI

w�� }E L � �� fED� }X �� ( wE;D

$t �s��TPB�{� {Bt��Bj�

qB R�ZIk �Y� ��stR}s��t{k BP �Y� {B8}j��� ��j�B}��s�$Bt RkR��8� w;�D {st A� ��Tb�$���t sR

� K>E ) ��dW
K>X L ��dW �� \

�d g�d wXL �D K}E L
d

1
��dW ' 3 wExD

i�8s�, n�nU qY$R �JZs�$Bt RZ88s�$9�R �Y� ��stR}s��t{k }�B}���$�R BP �Y� {B8}j��� ��j�B}��s�$Bt

RkR��8� G$�Y$t s {���s$t P��JZ�t{k �st�� ABZtI�I Ak �wgDb1$� b� Ys%� K>E � >E� K>X � >X� stI

K}E � }E� WB�� �Ys� ' � (� qY� ���8 $t �Y� j�P� YstI R$I� I�tB��R �Y� PB�{� P�B8 �Y� B}��s�B�

�Bbs�I �Y� 8sR���� qY� h�R� ���8 $t �Y� �$�Y� YstI R$I� I�%B��R �Y� {Bt��$AZ�$Bt BP �Y� B}��s�B�

PB�{� �B �Y� �sR, �-�{Z�$Bt� qY� R�{BtI ���8 $tI${s��R �Ys� �Y� ��j�B}��s�$Bt RkR��8 A�Ys%�R sR s

P���T4Bs�$t� 8sRR ��dW �� \
�d g�d }jZR s j$t�s� Is8}�� ��dW �� \

�d g�d �� bY${Y s�� {B8}j���jk

R}�{$h�I Ak {Bt��Bj stI R{sj$t� }s�s8����R $tR��sI BP RkR��8 }s�s8����R� yt Ps{�� �Y� �JZ$%sj�t� 8sRR

stI Is8}�� {Bt��$AZ�� �B ��stR}s��t{k ���B�� yt B�I�� �B ��IZ{� �Y� ��stR}s��t{k ���B�� js��� \

stI g s�� ��JZ$��I� <Bb�%��� �Y�k s�� j$8$��I Ak wxMD PB� 8s$t�s$t$t� �Y� R�sA$j$�k BP st sj��A�s${

jBB} R}�{$h�I Ak wx�D� qY���PB��� �Y� {YB${� BP \ stI g R}�{$h�R �Y� ��sI�TB& A��b��t R�sA$j$�k stI

��stR}s��t{k� VtB�Y�� bsk �B ��IZ{� ��stR}s��t{k ���B�R $R �B ZR� R8sjj 8B�$Bt R{sj$t� �� stI js���

PB�{� R{sj$t� �W � RZA`�{� �B �sR, R}�{$h{s�$Bt�

qY� ��RZj�R BP A$js���sj ��j�B}��s�$Bt {Bt��Bj $t AB�Y }BR$�$BtTPB�{� {Bt��Bj 8BI� stI �s��TPB�{�

{Bt��Bj 8BI� {st A� RZ88s�$9�I $t�B �Y� PBjjBb$t� �Y�B��8U

qY�B��8 nU 3B� s A$js���sj ��j�B}��s��I RkR��8 $t bY${Y AB�Y �Y� 8sR��� stI �Y� Rjs%� s��

RZA`�{� �B $tI�}�tI�t� sIs}�$%� 8B�$Bt\PB�{� {Bt��Bj stI Rs�$RPk w1�D stI wn(D� s}}jk$t� �Y� ��j�B}T

��s�$Bt {Bt��Bjj�� I�R$�t wnxD stI wnED ��RZj�R $tU

sD U1 stI U R�sA$j$�k PB� AB�Y P��� 8B�$Bt stI 4�-$Aj�\�$�$I {Bt�s{� 8B�$Bt $t �Y� R�tR� BP w;;D stI

w;xD b$�Y }BR$�$BtTPB�{� {Bt��Bj stI w;ED b$�Y �s��TPB�{� {Bt��Bj�

1d



AD sRk8}�B�${ 8B�$Bt w%�jB{$�k\}BR$�$BtD ��s{,$t� PB� AB�Y P��� 8B�$Bt stI 4�-$Aj�\�$�$I {Bt�s{� 8BT

�$Bt $t �Y� R�tR� BP wE1D stI wEnD b$�Y }BR$�$BtTPB�{� {Bt��Bj stI wE;D b$�Y �s��TPB�{� {Bt��Bj� stI

{D b$�Y$t s {���s$t P��JZ�t{k �st�� ABZtI�I Ak �wgDb1$� �Y� B%��sjj ��j�B}��s�$Bt RkR��8 $R �JZ$%sj�t�

�B s P���T4Bs�$t� 8sRR ��dW �� \
�d g�d }jZR s j$t�s� Is8}�� ��dW �� \

�d g�d �� R}�{$h�I Ak {Bt��Bj

stI R{sj$t� }s�s8����R�

n n n

i�8s�, n�;U yt {sR� BP tB }s�s8���� Zt{���s$t�k� $� $R BA%$BZR �Ys� �-}Bt�t�$sj R�sA$j$�k stI

{Bt%����t{� {st A� s{Y$�%�I $t ���8R BP w1xDTw1MD�

]� qY� yRRZ� BP q$8� *�jsk

GY�t �$8� I�jskR s}}�s� $t �Y� {B88Zt${s�$Bt {Ystt�jR A��b��t �Y� 8sR��� stI �Y� Rjs%�� wnxD

stI wnED Ys%� �B A� 8BI$h�I �B

}XQ ) ��Xx �� wK}E L � KfED� & � fX � �
�Xx \ �W K>E , wEED

}EQ ) ��d�

+
��Xx wK}X L & � KfXD� �� � fE �\ >��Xx K>X L w�W � ��D K>EH

�
3 wE�D

7ZAR�$�Z�$t� wEED stI wE�D $t�B w1�D stI wn(D k$�jIR

}X L & � fX L\ K>X ) ��Xx >�� wK}E L� KfED�\ �W K>EH� 'X , wEMD

�� w}E L� fED L\ �W K>E ) ��Xx wK}X L & � KfX �\ K>XD� �� 'E , wE�D

bY��� x $R �Y� Bt� bsk I�jsk� VRRZ8� �Ys�

>X ) '� }X w�(D

>E ) '_ }E L>
	

_ , w�dD

$��� tB �$�$I {Bt�s{� $R {BtR$I���I� y� PBjjBbR P�B8 wEMD stI wE�D �Ys�

rdXwXD w KfXD ) r1XwXD �
�Xx w�� KfED� 'X , w�1D

rdEwXD w�� KfED ) r1EwXD �
�Xx w KfXD� �� 'E , w�nD

11



bY���

'
X

�
) 'X L ��Xx \ �W K>	_ , w�;D

'
E

�
) 'E L\ �W �

�d
�

K>	_ , w�xD

rdXwXD
�
) wXL & �D wg�d XL {ED L\ '� X , w�ED

r1XwXD
�
) wXL �D {E �\ �W �

�d
� '_ X , w��D

rdEwXD
�
) wXL �D wg�d XL {ED L\ �W �

�d
� '_ X , w�MD

r1EwXD
�
) wXL & �D {E �\ '� X 3 w��D

]B8A$t$t� w�1D stI w�nD k$�jIR

KfX ) rdXwXD
�d r1XwXD rdEwXD

�d r1EwXD �
�1Xx KfX � '

	

X , wM(D

�� KfE ) rdEwXD
�d r1EwXD rdXwXD

�d r1XwXD �
�1Xx w�� KfED� '

	

E , wMdD

bY���

'	X ) rdXwXD
�d '

X
L rdXwXD

�d r1XwXD rdEwXD
�d ��Xx �� 'E ,

'	E ) rdEwXD
�d �� 'E L rdEwXD

�d r1EwXD rdXwXD
�d ��Xx '

X
3

qY� RZ^{$�t� {BtI$�$Bt �B �tRZ�� R�sA$j$�k PB� stk �$8� I�jsk $R

l
,rdXwi�D

�d r1Xwi�D rdEwi�D
�d r1Ewi�D, c d

,rdEwi�D
�d r1Ewi�D rdXwi�D

�d r1Xwi�D, c d 3
wM1D

qbB �-s8}j�R s�� �$%�t A�jBb�

qY� h�R� �-s8}j� $R P��� 8B�$Bt BP AB�Y �Y� 8sR��� stI �Y� Rjs%�� $��� >	_ ) >E ) >X ) (�

qY���PB��� '_ ) '� ) (� y� PBjjBbR P�B8 w�EDTw��D stI wM1D �Ys�

,rdXwi�D
�d r1Xwi�D rdEwi�D

�d r1Ewi�D, ) ,rdEwi�D
�d r1Ewi�D rdXwi�D

�d r1Xwi�D, 

) ,wi� {E L gD�d g wi� {E L gD�d g, 

c d , wMnD

R$t{� g $R s }BR$�$%�TI�ht$�� I$s�Btsj 8s��$-�

1n



qY� R�{BtI �-s8}j� $R s Bt�TI$8�tR$Btsj {sR� b$�Y

'_ ) E_ XL K_ L
>_
X
, wM;D

'� ) E� XL K� L
>�
X
3 wMxD

y� PBjjBbR �Ys�

,rdXwi�D
�d r1Xwi�D rdEwi�D

�d r1Ewi�D, ) ,rdEwi�D
�d r1Ewi�D rdXwi�D

�d r1Xwi�D, 

) 8s-
�

eeeee wi� L & �D�\ i� '�

wi� L & �Dw i�
g
L dD L\ i� '�

wi� L �D�
�W

��
\ i� '_

wi� L �Dw i�
g
L dD L

�W

��
\ i� '_

eeeeee 3 wMED

qY� RZ^{$�t� {BtI$�$BtR �B �tRZ�� wM1D s�� �$%�t Ak

>� c 1 g K� ,

E� c
d

1 g
K� L

�

; \ g1
,

>_ c 1 g K_ ,

E_ c
d

1 g
K_ L

� ��
; �W \ g1

L
>_
g �

L

�w
>_
g�

W1

L
>_

\g1�

��
�W

qY�R� {BtI$�$BtR {st A� Rs�$Rh�I Ak s}}�B}�$s��jk {YBBR$t� {Bt��Bj }s�s8����R }�B%$I$t� �Ys� �Y�

Is8}$t� {B�^{$�t�R K� stI K_ s�� }BR$�$%�� V js��� g Rs�$Rh�R �Y� {BtR��s$t�R PB� >� stI >_� bY$j� s

R8sjj \ Rs�$Rh�R �Y� {BtR��s$t�R PB� E� stI E_�

yz e-}��$8�t�R

V� 7kR��8 7��TZ}

V }YB�B��s}Y BP �Y� �-}��$8�t�sj R��TZ} $R RYBbt $t 3$�� n� y� {BtR$R�R BP s Bt�Ts-$R 8sR���

stI s Bt�Ts-$R Rjs%� I�$%�t Ak �V�!W �B�B�R ie (nxT(�d b$�Y ;�((( }ZjR� �t{BI��R� V }jst��s�k

��s�Y�sI b$�Y d(Ud �s�$B stI s Ys�8Bt${ I�$%� b$�Y x(Ud �s�$B s�� 8BZt��I s� �Y� 8sR��� R$�� stI s�

�Y� Rjs%� R$��� ��R}�{�$%�jk� �B $t{��sR� �B�JZ�R� qbB PB�{� R�tRB�R =37 n(d1V1x =xE( Ak Fin yt{�

s�� ZR�I s� �Y� �tIT�&�{�B�R BP AB�Y �Y� 8sR��� stI �Y� Rjs%�� qY� I$R�st{�R A��b��t �Y� {�t���R

1;



BP �Y� PB�{� R�tRB�R �B �Y� 8B�B� I�$%$t� s-�R s�� Ex88 PB� �Y� 8sR��� stI dn188 PB� �Y� Rjs%��

��R}�{�$%�jk� V YstIj� PB� �Y� B}��s�B� $R 8BZt��I Bt �Y� PB�{� R�tRB� BP �Y� 8sR���� Vt sjZ8$tZ8

As� b$�Y s 1x88 I$s8���� $R 8BZt��I �B �Y� AsR� PB� �7/7Q {Bt�s{� �-}��$8�t�R b$�Y �Y� Rjs%�� GY�t

RBP� �$RRZ�R� ���� s }��RBt:R YstI� s�� }Z� A��b��t �Y� sjZ8$tZ8 As� stI �Y� Rjs%�� s Wq�?7Kq� {Bt�s{�

$R ��sj$9�I� qY� P�${�$Bt PB�{�R ��4�{��I s� �Y� �tIT�&�{�B�R BP �Y� 8sR��� stI Rjs%� �BAB�R s�� BP �Y�

B�I�� BP (3;] stI E3(] � ��R}�{�$%�jk� qY� P��IAs{, �s$tR $t wdED stI wd�D s�� R�� sR �E ) M(3( stI

�X ) M((3(� qY� �R�$8s��R BP Qi $t wMD ��RZj� $t R��Bt� $t����sjR BP w1�D stI wn(D� R�� w1dD� qY� $t����sj

�s$tR s�� R�� sR 'EQi ) 1, ;((3(]bE stI 'XQi ) 1(, (((3(]bE� qY� {Bt��Bj RkR��8 $R �Ztt$t� b$�Y �bB

Rs8}j$t� P��JZ�t{$�R Bt s 7_Vi] de z�e ABs�I Ak 3!i]e ]!�_=qei7 yt{� ZR$t� �Y� z-GB�,R

B}��s�$t� RkR��8� qY� Y$�Y Rs8}j$t� P��JZ�t{k BP x((<9 $R ZR�I �B {sj{Zjs�� wdED� wd�D� wnxD� stI wnED�

bY$j� �Y� jBb Rs8}j$t� P��JZ�t{k BP d((<9 $R ZR�I �B {sj{Zjs�� wdMD� w1dD� stI wn�D� qY� Rs8}j$t�

P��JZ�t{k PB� P��IAs{, {Bt��Bj 8ZR� A� Y$�Y �B s{Y$�%� �BBI Ikts8${ }��PB�8st{�� bY$j� �Y� Rs8}j$t�

P��JZ�t{k PB� hj��� {sj{Zjs�$BtR 8sk A� jBb��� qY� �-}��$8�t�sj ��RZj�R s�� $jjZR��s��I P�B8 3$�� ; �B

3$�� d(� yt �Y�R� h�Z��R� RBj$I j$t�R ��}��R�t� �Y� R{sj�I 8B�$Bt\PB�{�R BP �Y� 8sR��� stI IsRY�I j$t�R

��}��R�t� �Y� �-s{� 8B�$Bt\PB�{�R BP �Y� Rjs%��

 � _BR$�$BtT3B�{� q�j�B}��s�$Bt b$�Y i$�$I\3j�-$Aj� ]Bt�s{�

3$�� ; $jjZR��s��R �-}��$8�t�sj ��RZj�R PB� }BR$�$BtTPB�{� ��j�B}��s�$Bt b$�Y �� ) d3( stI �W )

d(3(� ]Bt��Bj }s�s8����R s�� R�� �B \ ) (3(((x� g ) x(3(� stI � ) d3(� bY${Y k$�jI st �JZ$%sj�t�

8sRR BP ;>/ stI st �JZ$%sj�t� Is8}$t� BP ;]XbE $t ���8R BP wExD� qY� {Bt��Bj }s�s8���� g $R {YBR�t

RZ{Y �Ys� gb1$ � MIF ��}��R�t�R �Y� $t����R��I {Bt��Bj P��JZ�t{k �st��� qY� 8B�$Bt R{sj$t� �� $R

{YBR�t $t ���8R BP �Y� �sR, ��JZ$��8�t�� VP��� �� stI g s�� R}�{$h�I� �Y� PB�{� R{sj$t� �W stI �Y�

PB�{� {Bt��Bj �s$t \ RYBZjI A� {YBR�t sR js��� sR }BRR$Aj� �B ��IZ{� �Y� �JZ$%sj�t� 8sRR stI Is8}$t��

bY$j� 8s$t�s$t$t� ��sRBtsAjk �BBI ,$t�R�Y��${ P��IAs{,� stI RZA`�{� �B wxMD� qY� RkR��8 R�s��R $t P���

8B�$Bt stI �Y�t {Bt�s{�R �Y� �$�$I sjZ8$tZ8 As� s�BZtI 0 ) x3xX� 3$� ;sD RYBbR �-{�jj�t� }BR$�$Bt

��s{,$t� $t AB�Y P��� 8B�$Bt stI �$�$I {Bt�s{�� 3$� ;AD RYBbR %��k �BBI PB�{� ��s{,$t� IZ�$t� {Bt�s{��

qY� �$�$I {Bt�s{� $R %��k R8BB�Y� qY��� $R tB ABZt{$t� IZ�$t� {Bt�s{�� qY� js��� PB�{� ���B� $t P���

1x



8B�$Bt ��RZj�R P�B8 �Y� Ps{� �Ys� �Y� ��j�B}��s�$Bt RkR��8 A�Ys%�R sR s 8sRR BP ;>/ }jZR s Is8}$t�

BP ;]XbE� WB�� �Ys� �Y� PB�{� BP �Y� 8sR��� wRBj$I j$t�D $R R{sj�I Ak s Ps{�B� BP d(�

3$�� x $jjZR��s��R �-}��$8�t�sj ��RZj�R PB� }BR$�$BtTPB�{� ��j�B}��s�$Bt $t 4�-$Aj� {Bt�s{�� V

YZ8st }sj8 $R }Z� A��b��t �Y� Rjs%� stI �Y� sjZ8$tZ8 As�� qY� {Bt�s{� B{{Z�R `ZR� sP��� 0 ) EX�

7{sj$t� }s�s8����R s�� �� ) d3( stI �W ) 13(� ]Bt��Bj }s�s8����R s�� \ ) (3((1� g ) x(3(� stI

� ) d3(� qY� ��s{,$t� ��RZj�R PB� AB�Y }BR$�$Bt stI PB�{� s�� JZ$�� {B8}s�sAj� b$�Y 3$�� ;�

3$�� E stI 3$�� � $jjZR��s�� }BR$�$BtTPB�{� ��j�B}��s�$Bt ��RZj�R $t �$�$I {Bt�s{� b$�Y I$&���t�

R{sj$t� }s�s8����R� 3$�� E $R b$�Y �� ) (3x stI �W ) x3(� bY$j� 3$�� � $R b$�Y �� ) 13( stI �W ) 1(3(�

]Bt��Bj }s�s8����R s�� �Y� Rs8� sR 3$�� ;� qY� js��� PB�{� tB$R� $t 3$�� �AD ��RZj�R P�B8 Y$�Y PB�{�

R{sj$t�� qY�R� ��RZj�R s�� JZ$�� {B8}s�sAj� �B 3$�� ;�

]� is��T3B�{� q�j�B}��s�$Bt b$�Y i$�$I\3j�-$Aj� ]Bt�s{�

3$�� M stI 3$�� � $jjZR��s�� �-}��$8�t�sj ��RZj�R $t �s��TPB�{� ��j�B}��s�$Bt b$�Y �$�$I stI

4�-$Aj� {BtR��s$t�R� 3$�� M �$%�R ��RZj�R $t �$�$I {Bt�s{�� 7{sj$t� }s�s8����R s�� �� ) d3(� � ) d(3(

stI �W ) d(3(� ]Bt��Bj }s�s8����R s�� \ ) (3(((x stI g ) x(3(� 3$�� MsD RYBbR �Y� %�jB{$�k ��s{,$t�

���B�� bY$j� 3$�� MAD RYBbR �Y� PB�{� ��s{,$t� ���B�� e-{�jj�t� %�jB{$�k ��s{,$t� $R s{Y$�%�I $t AB�Y

P��� 8B�$Bt stI �$�$I {Bt�s{� B{{Z���I sP��� 0 ) x3(X� 3B�{� ��s{,$t� $R R�$jj %��k �BBI� qY��� $R

tB ABZt{$t� IZ�$t� ��stR$�$Bt }YsR�R P�B8 P��� 8B�$Bt �B �$�$I {Bt�s{�� qY� RBj$I j$t� $t 3$�� MwsD

I�tB��R s {B8A$ts�$Bt BP %�jB{$�k stI }BR$�$Bt BP �Y� 8sR���� $��� }E L�fE� qY���PB��� �Y� }BR$�$Bt

BP �Y� 8sR��� �B�R �B 9��B sP��� �$�$I {Bt�s{�� bY$j� s tBtT9��B {Bt�s{� PB�{� $R s}}j$�I�

3$�� � RYBbR �-}��$8�t�sj ��RZj�R $t 4�-$Aj� {Bt�s{�� 7{sj$t� }s�s8����R s�� �� ) d3(� � ) d(3(�

�W ) 13( stI {Bt��Bj }s�s8����R s�� \ ) (3((1� g ) x(3(� V YZ8st }sj8 $R }Z� A��b��t �Y� �$�$I

sjZ8$tZ8 As� stI �Y� Rjs%�� qY� ��s{,$t� }��PB�8st{� PB� AB�Y %�jB{$�k stI PB�{� $R JZ$�� {B8}s�sAj�

�B 3$�� M�

i�8s�, ;�dU qY� �-}��$8�t�sj ��RZj�R 8s�{Y �Y� �Y�B���${sj ��RZj�R %��k b�jj I�R}$�� BP ZR$t� %��k

R$8}j� R�{BtI B�I�� Nqy 8BI�jR PB� AB�Y �Y� 4�-$Aj� �t%$�Bt8�t� stI �Y� YZ8st B}��s�B�� Vj�YBZ�Y

�Y� $RRZ� BP ��stR$�$BtR A��b��t P��� stI {Bt�s{� 8B�$Bt YsR tB� A��t sII��RR�I �Y�B���${sjjk� �Y�

1E



�-}��$8�t�sj ��RZj�R I�8BtR��s�� %��k R8BB�Y stI }sRR$%� A�Ys%$B� s� �Y�R� ��stR$�$BtR� qY� PBjjBb$t�

�bB �-}��$8�t�R I�8BtR��s�� �Y$R }B$t�� yt �Y� h�R� �-}��$8�t�� �Y� Rjs%� $R {Bt��Bjj�I wAk �Y� 8sR���D

�B �BZ{Y �Y� �$�$I As�� qY�t �Y� 8sR��� YstIj� $R ��j�sR�I Ak �Y� B}��s�B�� qY� Rjs%� $R R�$jj $t {Bt�s{�

b$�Y �Y� �$�$I As� b$�Y sj8BR� 9��B {Bt�s{� PB�{�� yt �Y� R�{BtI �-}��$8�t�� �Y� 8sR��� YstIj� $R

��j�sR�I� qY� ��j�B}��s�$Bt RkR��8 A�Ys%�R �-s{�jk sR s P���T4Bs�$t� 8sRR }jZR s Is8}��� GY�t s

}ZjR� PB�{� $R s}}j$�I �B �Y� YstIj�� �Y� ��j�B}��s�$Bt 8sR��� stI Rjs%� 8B%� $t �Y� Rs8� I$��{�$Bt

sR �Y� }ZjR� PB�{�� VP��� {Bt�s{� b$�Y �Y� �$�$I As�� �Y� ��j�B}��s�$Bt RkR��8 $R ��4�{��I As{,� AZ� $�

IB�R tB� ��s{Y �Y� B�$�$tsj }BR$�$Bt A�{sZR� BP Is8}$t��

*� q$8� *�jsk

V h-�I �$8� I�jsk bsR $8}j�8�t��I PB� AB�Y 8B�$Bt stI PB�{� ��stR8$RR$Bt P�B8 �Y� 8sR���

R$�� �B �Y� Rjs%� R$�� stI %${� %��Rs� e-}��$8�t�R ��%�sj �Ys� R�sA$j$�k $R 8s$t�s$t�I PB� stk �$8� I�jsk

$t AB�Y P��� 8B�$Bt stI {Bt�s{� 8B�$Bt� qY� 8B�$Bt\PB�{� ��s{,$t� sA$j$�k $R 8s$t�s$t�I Zt�$j �Y�

Bt�Tbsk �$8� I�jsk ��s{Y�R s}}�B-$8s��jk (�d wd((8RD R�{BtIR� 3B� js���� I�sjkR� �Y� ��s{,$t� sA$j$�k

I�{��sR�R JZ${,jk� qY� ��j�B}��s�$Bt RkR��8 A�Ys%�R sR s bs%�T��4�{�B� b$�Y j�RR Is8}$t� bY�t �Y�

Bt�Tbsk �$8� I�jsk ��s{Y�R (�1 R�{BtIR� 3B� Bt�Tbsk �$8� I�jskR BP B%�� d( R�{BtIR� �Y� RkR��8

A�Ys%�R sR �bB $tI�}�tI�t� 8B�$Bt\PB�{� {Bt��Bjj�I RZARkR��8R� 3$�� d( $jjZR��s��R �Y� �-}��$8�t�sj

��RZj�R BP }BR$�$BtTPB�{� ��j�B}��s�$Bt bY�t �Y� Bt�Tbsk �$8� I�jsk $R (�d R�{BtIR� qY� ��RZj�R s�� R�$jj

{B8}s�sAj� b$�Y 3$�� ;�

z *$R{ZRR$Bt

Nsb��t{� >d;H RZ���R��I �B ZR� s PBZ�T{Ystt�j {B88Zt${s�$Bt R��Z{�Z�� PB� ��stR}s��t� ��j�B}T

��s�$Bt {Bt��Bjj�� I�R$�t� y� $R bB��YbY$j� �B %$�b �Y$R }�B}BR�I R{Y�8� P�B8 �Y� }B$t� BP %$�b BP

Nsb��t{�:R R��Z{�Z���

yt %$�b BP wnxDTwnED stI 3$��  dwAD� �Y� AjB{, I$s��s8 BP st dT*!3 ��j�B}��s�$Bt RkR��8 $R

$jjZR��s��I $t 3$�� dd� bY���

gE ) �E L
�E{

X
� w|K_ L

|>_
X
D , wM�D

1�



tK
E ) w |-E L |E_D XL�E L

�E{

X
, wMMD

ty
E )

\g

XL g
tK

E , wM�D

gX ) �X L
�X{

X
� w|K� L

|>�
X
D , w�(D

tK
X ) w |-X L |E�D XL�X L

�X{

X
, w�dD

ty
X )

\g

XL g
tK

X , w�1D

gd )
wXL�Dg

XwXL gD
�� t

K
X , w�nD

g1 )
d

��
ty

E , w�;D

gn ) �W t
y
X , w�xD

g; )
wXL &�Dg

XwXL gD

d

��
tK

E 3 w�ED

qY� {BtR�st� I$R�Z�Ast{� Q? $t 3$�� VdwAD $R tB� $t{jZI�I� R$t{� $� {st A� {B8}j���jk {B8}�tRs��I

Ak $t����sj {Bt��Bj�  k I�ht$t�

t	E
�
) -E XL gE L

�

X
tK

E , w��D

t	X
�
) -X XL gX L

&�

X
tK

X , w�MD

$� PBjjBbR P�B8 3$�� dd �Ys�

t	E }E L

X
d L

�W
��

ty
E

~
>E )

d

��

wXL &�Dg

XwXL gD
tK

E }X �
d

��

\g

XL g
tK

E >X , w��D

t	X }X L wd Lty
XD >X ) ��

wXL �Dg

XwXL gD
tK

X }E � �W
\g

XL g
tK

X >E 3 wd((D

WB�� �Ys�

X wt	E L '_D ) wXL �D tK
E L �_ , wd(dD

X wt	X L '�D ) wXL &�D tK
X L �� , wd(1D

bY��� '_ stI '� s�� I�ht�I $t wM;D stI wMxD� bY$j�

�_
�
) w-E LE_ � |-E � |E_D X

1 L wK_ � |K_D XL w>_ � |>_D ,

��
�
) w-X LE� � |-X � |E�D X

1 L wK� � |K�D XL w>� � |>�D 3

1M



VRRZ8� >	_ ) (� $��� �Ys� �Y� �-B��tBZR PB�{� $R {B8}j���jk {B8}�tRs��I Ak 
_ R$�tw'ED� V}}jk$t�

wd(dD stI wd(1D $t�B w��D stI wd((D� stI ZR$t� >E ) '_ }E stI >X ) '� }X j�sI �B

w
��

XL�

X
L �W

\g

XL g
'_

W
}E )

w
wXL &�Dg

XwXL gD
�

\g

XL g
'�

W
}X �

��
X
�_ , wd(nD

w
XL &�

X
L

\g

XL g
'�

W
}X )

w
��

wXL�Dg

XwXL gD
� �W

\g

XL g
'_

W
}E �

d

X
�� 3 wd(;D

]Yst�$t� �Y� R$I�R BP wd(;D stI RZ88$t� b$�Y wd(nD k$�jIR

wXL 1 gDwXL �D ��}E ) wXL 1 gDwXL & �D }X L wXL gDw�� � �� �_D 3 wd(xD

GY�t �Y� �&�{�R BP �_ stI �� s�� {B8}�tRs��I Ak }s�s8���� sIs}�s�$Bt� $��� �_ ) �� ) (� $� PBjjBbR

�Ys�

wXL & �D }X ) wXL �D ��}E 3 wd(ED

qY$R �JZs�$Bt $R {BtR$R��t� b$�Y w;;DTw;ED stI wE1DTwE;D�

��stbY$j�� bY�t �_ ) �� ) ( w$��� �Y� �&�{�R BP }s�s8���� Zt{���s$t�k s�� {B8}�tRs��I Ak

}s�s8���� sIs}�s�$BtD� 8Zj�$}jk$t� wd(nD Ak wd(;D ��RZj�R $t

�'_ )
��
�W

XL�

XL & �
'� L

��
�W

XL �

\ g
3 wd(�D

qY$R �JZs�$Bt $R {BtR$R��t� b$�Y wExD� �'_ ) �>Eb}E I�tB��R �Y� $8}�Ist{� BP �Y� ��j�B}��s�$Bt

RkR��8 %$�b�I P�B8 �Y� B}��s�B� R$��� qY� h�R� ���8 Bt �Y� �$�Y� YstI R$I� ��}��R�t�R �Y� �t%$�Bt8�t�

$8}�Ist{� ��4�{��I �B �Y� B}��s�B� R$��� GY�t $t }BR$�$BtTPB�{� {Bt��Bj� bY��� & ) d� �Y� h�R� ���8 $t

�Y� �$�Y� YstI R$I� A�{B8�R w��b�W D '�� $��� �Y� $8}�Ist{� BP �Y� �t%$�Bt8�t� ��4�{��I �B �Y� 8sR���

�Y�BZ�Y 8B�$Bt stI PB�{� R{sj$t�� GY�t $t %�jB{$�kTPB�{� {Bt��Bj� bY��� & ) (� $� A�{B8�R
��

�W

XL�
X
'��

bY${Y ��4�{�R R{sj�I �t%$�Bt8�t� $8}�Ist{� w��b�W D '� Btjk s� Y$�Y P��JZ�t{k� bY��� wXL�DbX� d�

qY� R�{BtI ���8 Bt �Y� �$�Y� YstI R$I� $tI${s��R �Ys� �Y� ��j�B}��s�$Bt RkR��8 A�Ys%�R sR s 8sRR

��

�W

d
\ g

}jZR s Is8}�� ��

�W

�
\ g

� WB�� �Ys� �Y� ��stR}s��t{k ���B� $R {B8}j���jk {Ys�s{���$9�I Ak �Y$R

���8� bY${Y $R $tI�}�tI�t� BP �Y� {Bt��Bj 8BI�R ZR�I�

i�8s�, x�dU qY� R��Z{�Z�� BP �Y� }�B}BR�I s}}�Bs{Y� R�� 3$�� dd� $R R$8$js� �B Nsb��t{�:R

R��Z{�Z�� >d;H� qY�k sjj Ys%� PBZ� {B88Zt${s�$Bt {Ystt�jR� <Bb�%��� sR {st A� �-}js$t�I $t 3$��

1�



d� �Y� }�$t{$}j� ZR�I $t I�R$�t$t� �Y�R� {Ystt�jR $R I$&���t�� qY� {B88Zt${s�$Bt {Ystt�jR gd �B

g; $t Nsb��t{�:R s}}�Bs{Y }��PB�8 $t%��R� Ikts8${ {Bt��Bj� gd �B g; s�� I�R$�t�I �B {st{�j �Y�

Ikts8${R BP AB�Y 8sR��� stI Rjs%� �BAB�R RB sR �B s{Y$�%� s }��P�{�jk ��stR}s��t� AjB{,� <Bb�%���

$t%��R� Ikts8${ {Bt��Bj $R %��k R�tR$�$%� �B Zt{���s$t�$�R� qY���PB��� s R8sjj �$8� I�jsk stI stk

Ikts8${ Zt{���s$t�k� RZ{Y sR `B$t� P�${�$Bt� 8sk {BtR$I��sAjk I����$B�s�� RkR��8 }��PB�8st{� stI

8sk PZ��Y�� {sZR� $tR�sA$j$�k� yt �Y� }�B}BR�I s}}�Bs{Y� �Y� 8sR��� �B���Y�� b$�Y �Y� B}��s�B��

stI �Y� Rjs%� �B���Y�� b$�Y �Y� �t%$�Bt8�t�� s�� ���s��I sR �bB R�}s�s�� AjB{,R� es{Y AjB{, $R

RZA`�{� �B $tI�}�tI�t� sIs}�$%� 8B�$Bt\PB�{� {Bt��Bj� qY���PB��� �Y� Zt{���s$t�$�R $t �s{Y AjB{,

s�� b�jj {B8}�tRs��I Ak R��Bt� P��IAs{, {Bt��Bj �B���Y�� b$�Y }s�s8���� sIs}�s�$Bt� ]B8}s��I �B

3$�� 1 $t >d;H� �Y��� s�� �bB sII$�$Btsj jB{sj PB�{� P��IAs{, jBB}R $t 3$�� dd PB�8�I Ak
�W

��
ty

E stI

ty
X � ��R}�{�$%�jk� �B �tYst{� PB�{� {Bt��Bj sA$j$�k� qY� {B88Zt${s�$Bt {Ystt�jR Btjk ��stRPB�8 �Y�

8B�$Bt\PB�{� $tPB�8s�$Bt P�B8 �Y� 8sR��� �Bbs�I �Y� Rjs%� stI P�B8 �Y� Rjs%� �Bbs�I �Y� 8sR����

qY���PB��� �Y� 8��YBI }�B}BR�I Y��� $R �BAZR� s�s$tR� Zt{���s$t�$�R $t{jZI$t� �$8� I�jsk� G$�Y$t

s }��TR}�{$h�I P��JZ�t{k �st��� �Y� ��j�B}��s�$Bt RkR��8 $R �JZ$%sj�t� �B s j$t�s�jkTIs8}�I P���T

4Bs�$t� 8sRR� R}�{$h�I Ak {Bt��Bj stI R{sj� }s�s8����R Btjk� qY$R P�s�Z�� }�BIZ{�R �-{�jj�t� 8B�$Bt

w}BR$�$Bt\%�jB{$�kD ��s{,$t� stI %��k �BBI PB�{� ��s{,$t�� qY� PB�{� ��s{,$t� s{{Z�s{k {st A� $8}�B%�I

PZ��Y�� Ak ZR$t� s js��� PB�{� R{sj$t� �W � qY� 8B�$Bt\PB�{� ��s{,$t� $R s t�b stI $8}B��st� P�s�Z�� BP

�Y� }�B}BR�I {Bt��Bjj��� bY${Y $R tB� s{Y$�%�I Ak }��%$BZR R�sA$j$�kT�Zs�st���I I�R$�tR >d(H� >d1H� stI

>dnH�

i�8s�, x�1U yt {Bt��sR� �B ��stR}s��t{kTAsR�I �s�� {Bt��Bj >1�� 1MH� �Y� sIs}�$%� 8B�$Bt\PB�{�

{Bt��Bj }��R�t��I Y��� IB�R tB� ���Z�t �Y� I��$%s�$%� BP �Y� �t%$�Bt8�t� PB�{� �B �Y� 8sR���� Vj�YBZ�Y

��stR}s��t{k $R jBR�� �Y� 8��YBI IB�R tB� Ys%� �Y� I�sbAs{, BP ��stRPB�8$t� Zt$js���sj {Bt��s$t�R $t�B

A$js���sj Bt�R wXR�${,$t�" A�Ys%$BZ�D >1�� 1MHD�

i�8s�, x�nU qY� ��j�B}��s�$Bt {Bt��Bjj�� I�R$�t $R R$8}j�� �Yst $t 8stk B�Y�� 8��YBIR� qY�

Btjk I�R$�t %�{�B�R s�� }EQ stI }XQ b$�Y R{sj$t� }s�s8����R ��� �W stI {Bt��Bj }s�s8����R \� g� ��

i�8s�, x�;U qY$R s}}�Bs{Y $R �BAZR� s�s$tR� �$8� I�jsk� <Bb�%��� PB� s}}j${s�$BtR b$�Y js���

�$8� I�jsk� ���� x �B � R�{BtIR� tB 8B�$Bt\PB�{� ��s{,$t� $R }�B%$I�I� V jB{sj R$8Zjs�B� $R �Y�t ��JZ$��I

n(



>1H�

i�8s�, x�xU qY� ��RZj�R }��R�t��I $t �Y$R }s}�� R��Bt�jk RZ}}B�� B�Y�� bB�,R j$,� YstI {Bt��Bjj��

I�R$�t PB� %$��Zsj bB�jIR >1�� n(H� R$t{� ��stR}s��t{k $R $8}B��st� ���s�Ij�RR BP ��sj B� %$��Zsj RZA`�{�R�

zy ]Bt{jZR$Bt

yt �Y$R }s}��� s tB%�j {Bt��Bjj�� I�R$�t 8��YBI YsR A��t }�B}BR�I PB� Zt$js���sj\A$js���sj ��j�T

B}��s�$Bt RkR��8R $t AB�Y }BR$�$Bt stI �s�� {Bt��Bj� qY� s}}�Bs{Y �Zs�st���R R�sA$j$�k� IB�R t�

ZR� s{{�j��s�$Bt 8�sRZ��8�t�R� stI {st A� ZR�I b$�Y s�A$��s�k 8B�$Bt\PB�{� R{sj$t�� qY$R s}}�Bs{Y

}BRR�RR�R PBZ� sI%st�s��R ��js�$%� �B }��%$BZR ��j�B}��s�$Bt {Bt��Bjj��R� 3$�R�� $�R R�sA$j$�k $R �Zs�stT

���I stI �BAZR� s�s$tR� �$8� I�jskR RB sR �B }�B%$I� s RBj$I AsR$R PB� s{Y$�%$t� �BBI ��stR}s��t{k�

G$�Y$t s }��TR}�{$h�I P��JZ�t{k �st��� �Y� B%��sjj 8sR���\Rjs%� ��j�B}��s��I RkR��8 $R �JZ$%sj�t�

�B s P���T4Bs�$t� 8sRR }jZR s j$t�s� Is8}�� R}�{$h�I Ak {Bt��Bj stI R{sj$t� }s�s8����R� bY${Y sjT

jBbR sRk8}�B�${ 8B�$Bt ��s{,$t� stI PB�{� ��s{,$t�� 7�{BtI� R��Z{�Z��I RkR��8 Zt{���s$t�$�R s�� b�jj

{B8}�tRs��I Ak s}}jk$t� $tI�}�tI�t� }s�s8���� sIs}�s�$Bt stI R��Bt� P��IAs{, {Bt��Bj� qY$�I� �Y$R

s}}�Bs{Y $R s}}j${sAj� �B AB�Y �$�$I stI 4�-$Aj� �t%$�Bt8�t�R� 3BZ��Y� �Y� {Bt��Bjj�� I�R$�t �s,�R {s��

BP �Y� tBtj$t�s� Ikts8${R BP �Y� �BAB�R stI $t{B�}B�s��R ��sRBtsAj� YZ8st B}��s�B� stI �$�$I\4�-$Aj�

�t%$�Bt8�t� 8BI�jR�  �t�h��$t� P�B8 �Y� ZR� BP �Y� %$��Zsj I�{B8}BR$�$Bt s}}�Bs{Y >1dH� Btjk �Y�

Ikts8${R BP �$�$I j$t,R stI `B$t�R stI �Y� Ikts8${R BP �Y� �t%$�Bt8�t� stI �Y� B}��s�B� s�� ��JZ$��I

�B {BtR��Z{� �Y� Ikts8${R BP �Y� 8sR���\Rjs%� �BAB�R� e-}��$8�t�R Ys%� RYBbt �-{�jj�t� ��RZj�R $t

8B�$Bt ��s{,$t� stI %��k �BBI ��RZj�R $t PB�{� ��s{,$t�� qB}${R PB� PZ��Y�� ��R�s�{Y $t{jZI� }��PB�T

8st{� �%sjZs�$Bt PB� IB$t� ��sjTbB�jI �sR,R� I�%�jB}8�t� BP 8B�� s{{Z�s�� B}��s�B� stI �t%$�Bt8�t�

8BI�jR� stI �Y�B���${sj stsjkR$R sII��RR$t� �Y� ��stR$�$BtR A��b��t P��� stI {Bt�s{� 8B�$BtR�

nd



V}}�tI$- V

yt %$�b BP �Y� I�ht$�$BtR BP }X� wX�&X� aX� rX� stI wnD� wED� w�DTw�D� $� PBjjBbR �Ys�

&X wwX �}X L �wX }XD L aX wX }X L rX

)

m
NNNNNNNNNNNNt

{	d [Rd L �dw0D L Qd
���
{	E [RE L �Ew0D L QE
-Ud

Q
Q0
wUd~ D L gUd

Ud~ LtUd

���

-UE

Q
Q0
wUE~ D L gUE

UE~ LtUE

�W >-W
[�XW L;W

��XW L & �W �XW L wd� &D �W H

u
UUUUUUUUUUUU{
)

m
NNNNNNNNNNNt

+d
���
+E
UdB
���
UEB
>XW

u
UUUUUUUUUUU{
3 wVdD

y� PBjjBbR P�B8 wxD� wMD� wd(D� stI �Y� I�ht$�$Bt BP xX �Ys�

+X ) xX

C
hhhhhhhhhhhH
w x
X

m
NNNNNNNNNNNt

+d
���
+E
UdB
���
UEB
>XW

u
UUUUUUUUUUU{
L

^
(

�� >X�

�
I
nnnnnnnnnnnO

3 wV1D

]B8A$t$t� wVdD stI wV1D k$�jIR wddD�

V}}�tI$-  

V R$8}j� �-s8}j� $R �s,�t Y��� �B RYBb �Y� AjB{, I$s��s8 BP �Y� {Bt��Bj jsb wdED� qY$R $R s

�bB I$8�tR$Btsj RkR��8 b$�Y }B$t� 8sRR - � R�� 3$��  dwsD� qY� ? I$��{�$Bt $R RZA`�{� �B s 4�-$Aj�

{BtR��s$t� {Ys�s{���$9�I Ak 8sRR E� Is8}$t� K� stI R�$&t�RR >� qY� r I$��{�$Bt $R RZA`�{� �B s

�$�$I {BtR��s$t� b$�Y 9��B %�jB{$�k� qY� {Bt��Bj PB�{�R s�� B? PB� �Y� ? I$��{�$Bt stI Br PB� �Y� r

I$��{�$Bt� qY� {Bt�s{� PB�{�R P�B8 �Y� }B$t� 8sRR �Bbs�I �Y� 4�-$Aj�\�$�$I �t%$�Bt8�t� s�� W�? stI

W�r� ��R}�{�$%�jk�

dD ]Bt��Bj BP ? *$��{�$BtU qY� Ikts8${R $t �Y� ? I$��{�$Bt {st A� b�$���t sR

- �~? L Q? ) B? � W�? , w dD

bY��� ~? $R �Y� %�jB{$�k $t �Y� ? I$��{�$Bt� Q? $R st Zt,tBbt {BtR�st� bY${Y YsR �Y� Rs8� �Bj� sR Qi $t

wMD� VRRZ8� �Ys� �Y� Z}Is�� �s$t PB� |Q? $R }s��${Zjs� js���� �Yst �YBR� PB� |- � |E� |K� stI |>� y� PBjjBbR

n1



P�B8 w1dD �Ys�

|Q? ) �?{

8 0

(

w~?� � ~?DQ0 , w 1D

~?�
�
) ~?Q �\ KW�? , w nD

bY��� �?{ k (� ~?Q I�tB��R s ��P���t{� R$�tsj� qY� %s�$sAj� KW�? $R I�ht�I Ak

KW�?
�
)

g

XL g
W�? 3 w ;D

yt %$�b BP w 1D stI w nD� $� PBjjBbR P�B8 wdED �Ys�

B? ) w |- L |ED �~?� L|K~? L |>

8 0

(

~?Q0L�?{

8 0

(

w~?� � ~?DQ0L�?w~?� � ~?D

) w |- L |ED �~?� L�?~?� L�?{

8 0

(

~?�Q0� >�?~? L�?{

8 0

(

~?Q0� |K~? � |>

8 0

(

~?Q0H w xD

b$�Y �? k (� 3�B8 w nD �B w xD� �Y� AjB{, I$s��s8 BP �Y� {Bt��Bj RkR��8 $t �Y� ? I$��{�$Bt $R

��}��R�t��I Ak 3$��  dwAD b$�Y

g? ) �? L
�?{

X
� |K�

|>

X
, w ED

tK ) w |- L |EDXL�? L
�?{

X
, w �D

ty ) tK
\g

XL g
3 w MD

1D ]Bt��Bj 7kR��8 $t �Y� r *$��{�$BtU qY� Ikts8${R $t �Y� r I$��{�$Bt {st A� b�$���t sR

Qr ) Br � W�r , w �D

~r ) ( , w d(D

bY��� Qr I�tB��R st Zt,tBbt {BtR�st� stI ~r $R �Y� %�jB{$�k� yt %$�b BP w1dD� �Y� �R�$8s�� BP Qr

��RZj�R $t

|Qr ) �r{

8 0

(

w~r� � ~rDQ0 , w ddD

~r�
�
) ~rQ �\ KW�r , w d1D

bY��� �r{ k (� ~rQ I�tB��R s ��P���t{� R$�tsj� qY� %s�$sAj� KW�r $R I�ht�I Ak

KW�r
�
)

g

XL g
W�r 3 w dnD

nn



qY� {Bt��Bj jsb wdED �8}jBkR

Br ) |- �~r� L�r{

8 0

(

w~r� � ~rDQ0L BrQ L�rw~r� � ~rD

) |- �~r� L�r~r� L�r{

8 0

(

~r�Q0L BrQ , w d;D

BrQ
�
)

d

\

w
d

g
�~rQ L ~rQ

W
3 w dxD

qY� AjB{, I$s��s8 $R $jjZR��s��I $t 3$��  dw{D�

i�P���t{�R

>dH q�  � 7Y��$Ist� "q�j��BAB�${R�" VZ�B8s�${s� %Bj�1x� tB�;� }}�;M�Tx(�� d�M��

>1H p� <$�9$t����  �  �Ztt��� F� *$���${Y� stI F� <�$tIj� "7�tRB�TAsR�I R}s{� �BAB�${R u i!qe� stI
$�R ��j��BAB�${ P�s�Z��R�" yeee q�stR� iBAB�${R stI VZ�B8s�$Bt� %Bj��� tB�x� }}�E;�TEEn� d��n�

>nH  � <sttsPB�I� N� GBBI� *� V� �{V&��� stI <� �s,� "_��PB�8st{� �%sjZs�$Bt BP s R$-Ts-$R
��t��sj$9�I PB�{�T��4�{�$t� ��j�B}��s�B��" yeee q�stR� 7kR��8R� �st� stI ]kA��t��${R� %Bj�1d�
tB�n� }}�E1(TEnn� d��d�

>;H V� ��  �`{9k� "q�j�B}��s�B�R�" yeee ytIZR��$sj ej�{��Bt${R 7B{$��k W�bRj������ }}�;Td1� �s�{Y
d��E�

>xH V� V� pBjI�tA���� F� G$��{$�tR,$� _� �Z9st� ]� 79k8{9k,� i� p� 3�t�Bt� stI  � 7Ys%��� "V
��8B�� 8st$}Zjs�B� PB� PB��R��k B}��s�$Bt�" yeee q�stR� iBAB�${R stI VZ�B8s�$Bt� %Bj�dd� tB�1�
}}�dMxTd��� d��x�

>EH F� 3ZtIs� i� <� qskjB��  � ejI�$I��� 7� pB8B�k� stI �� p� p�ZA�t� "]BtR��s$t�I ]s���R$st
8B�$Bt {Bt��Bj PB� ��j�B}��s��I RZ��${sj �BAB�R�" yeee q�stR� iBAB�${R stI VZ�B8s�$Bt� %Bj�d1�
tB�n� }}�;xnT;Ex� d��E�

>�H  � <sttsPB�I� "V I�R$�t P�s8�bB�, PB� ��j�B}��s�B�R b$�Y ,$t�R�Y��${ P��IAs{,�" yeee q�stR�
iBAB�${R stI VZ�B8s�$Bt� %Bj�x� tB�;� }}�;1ET;n;� d�M��

>MH �� �BRZ��� F� yRY$,sbs� �� 3Z�Z�s� stI �� 7s,s$� "]Bt��Bj BP R$t�j�T8sR��� 8Zj�$TRjs%� 8st$}ZT
js�B� RkR��8 ZR$t� zy��" _�B{� d��( yeee yt�� ]BtP� iBAB�${R stI VZ�B8s�$Bt� }}�dd�1Tdd���
d��(�

>�H V� V� pBjI�tA���� *�  sR�sR� stI O� 7��sRRA���� "!t �Y� A$js���sj {Bt��Bj BP 8sR���TRjs%� ��j�T
B}��s�B�R�" iBAB���RkR��8�� %Bj��� }}��dT��� d��d�

>d(H i� F� VtI��RBt stI �� G� 7}Bt�� " $js���sj {Bt��Bj BP ��j�B}��s�B�R b$�Y �$8� I�jsk�" yeee
q�stR� VZ�B8s�${ ]Bt��Bj� %Bj�n;� tB�x� }}�;�;Tx(d� d�M��

>ddH i� F� VtI��RBt� " Z$jI$t� s 8BIZjs� �BAB� {Bt��Bj RkR��8 ZR$t� }sRR$%$�k stI R{s����$t� �Y�B�k�"
_�B{� BP d��E yeee yt�� ]BtP� iBAB�${R stI VZ�B8s�$Bt� }}�E�MT�(x� d��E�

>d1H i� F� VtI��RBt stI �� G� 7}Bt�� "VRk8}�B�${ R�sA$j$�k PB� PB�{� ��4�{�$t� ��j�B}��s�B�R b$�Y
�$8� I�jsk�" yt�� F� iBAB�${R i�R�s�{Y� %Bj�dd� tB�1� }}�dnxTd;�� d��1�

>dnH p� �� <� N�Zt��  � V� 3�st{$R� stI F� V},s�$st� X $js���sj {Bt��Bjj�� PB� ��j�B}��s�B�R b$�Y �$8�
I�jsk %$s  TRkt�Y�R$R�" yeee q�stR� iBAB�${R stI VZ�B8s�$Bt� %Bj�dd� tB�d� }}�d(xTddE� d��x�

>d;H *� V� Nsb��t{�� "7�sA$j$�k stI ��stR}s��t{k $t A$js���sj ��j�B}��s�$Bt�" yeee q�stR� iBAB�${R
stI VZ�B8s�$Bt� %Bj��� tB�x� }}�E1;TEn�� d��n�

n;



>dxH O� OB,B,BY`$ stI q� OBRY$,sbs� " $js���sj {Bt��Bj BP 8sR���TRjs%� 8st$}Zjs�B�R PB� $I�sj ,$t�RT
�Y��${ {BZ}j$t�uPB�8Zjs�$Bt stI �-}��$8�t��" yeee q�stR� iBAB�${R stI VZ�B8s�$Bt� %Bj�d(�
tB�x� }}�E(xTE1(� d��;�

>dEH F� e� ]Bj�s��� "iBAZR� $8}�Ist{� RYs}$t� ��j�8st$}Zjs�$Bt�" yeee q�stR� iBAB�${R stI VZT
�B8s�$Bt� %Bj��� tB�;� }}�n�;TnM;� d��n�

>d�H 7� N�� stI <� 7� N��� "�BI�j$t�� I�R$�t� stI �%sjZs�$Bt BP sI%st{�I ��j�B}��s�B� {Bt��Bj RkR��8R
b$�Y RYB�� �$8� I�jsk�" yeee q�stR� iBAB�${R stI VZ�B8s�$Bt� %Bj��� tB�x� }}�E(�TE1n� d��n�

>dMH <� �s9��BBt$� q� y� qRsk� stI �� <Bjj��As{Y� "V {Bt��Bjj�� I�R$�t P�s8�bB�, PB� ��j��BAB�${
RkR��8R�" yeee q�stR� ]Bt��Bj 7kR��8R q�{YtBjB�k� %Bj�d� tB�d� }}�x(TE1� d��n�

>d�H F� Ost stI 7� e� 7sj{ZI�st� "q�j�B}��s�$Bt {Bt��Bjj�� I�R$�t ZR$t� I TB}�$8$9s�$Bt b$�Y s}T
}j${s�$Bt �B 8B�$BtTR{sj$t��" yeee q�stR� ]Bt��Bj 7kR��8R q�{YtBjB�k� %Bj�;� tB�n� }}�1;;T1xM�
d��E�

>1(H 7� e� 7sj{ZI�st� W� �� GBt�� stI i� N� <Bjj$R� "*�R$�t stI {Bt��Bj BP s PB�{�T��4�{�$t� ��j�B}��T
s�$Bt RkR��8 b$�Y 8s�t��${sjjk j�%$�s��I 8sR��� stI b�$R��" yeee q�stR� iBAB�${R stI VZ�B8sT
�$Bt� %Bj�dd� tB�E� }}�M;;TMxM� d��x�

>1dH G� <� �YZ� O� p� �$� �� F� �Yst�� ��  $�t� stI F� *� 7{YZ����� "z$��Zsj I�{B8}BR$�$Bt AsR�I {BtT
��Bj PB� ��t��sj$9�I Y$�Y I$8�tR$Btsj �BAB�${ RkR��8R b$�Y {B8}j${s��I R��Z{�Z���" yeee q�stR�
iBAB�${R stI VZ�B8s�$Bt� %Bj�dn� tB�n� }}�;ddT;nE� d����

>11H <� �s9��BBt$ stI �� p� <��� "qY� Ikts8${R stI {Bt��Bj BP s Ys}�${ $t���Ps{� I�%${��" yeee
q�stR� iBAB�${R stI VZ�B8s�$Bt� %Bj�d(� tB�;� }}�;xnT;E;� d��;�

>1nH F� *� ]BB,�� X*�}�tI�t{� BP YZ8st s�8 8B%�8�t�R $t j$8A 8�{Yst${sj }�B}���$�R�"  �s$t i�R��
%Bj�dEx� }}�nEETnE�� d����

>1;H F� F� e� 7jB�$t� stI G� _� N$� XVIs}�$%� 8st$}Zjs�B� {Bt��BjU s {sR� R�ZIk�" yeee q�stR�
VZ�B8s�${ ]Bt��Bj� %Bj�V]Tnn� tB�dd� }}���xTd((n� d�MM�

>1xH O� <� N$Z� 7� V�$8B�B� stI �� �$�s�s,$� "VIs}�$%� {Bt��Bj PB� YBjBtB8${sjjk {BtR��s$t�I �BAB�RU
�$8�T$t%s�$st� stI �$8�T%s�$st� {sR�R�" _�B{� d��x yeee yt�� ]BtP� iBAB�${R stI VZ�B8s�$Bt�
}}��(xT�d1� d��x�

>1EH i� i� O� �Y�t stI V� V� pBjI�tA���� "Vt sIs}�$%� s}}�Bs{Y �B {BtR��s$t�I �BAB� 8B�$Bt {BtT
��Bj"� _�B{� d��x yeee yt�� ]BtP� iBAB�${R VZ�B8s�$Bt� }}�dMnnTdMnM� d��x�

>1�H �� �YZ stI 7� e� 7sj{ZI�st� XV{Y$�%$t� ��stR}s��t{k PB� ��j�B}��s�B� RkR��8R ZtI�� }BR$�$Bt
stI �s�� {Bt��Bj�" _�B{� BP yi!7:�x� d��x�

>1MH G� <� �YZ� 7� e� 7sj{ZI�st� stI �� �YZ� Xe-}��$8�t�R b$�Y ��stR}s��t� ��j�B}��s�$Bt ZtI��
}BR$�$Bt stI �s�� {Bt��Bj�" _�B{� d��� yeee yt�� ]BtP� iBAB�${R VZ�B8s�$Bt� }}�dM�(TdM�x� d����

>1�H 7� _� *$�s$B� 7� e� 7sj{ZI�st� ]� i�ABZj��� 7� qsPs9Bj$� stI �� <sRY��ZI$T�ssI� "V %$��Zsj
�-{s%s�B� PB� {Bt��Bjj�� I�%�jB}8�t� stI �%sjZs�$Bt�" _�B{� d��M yeee yt�� ]BtP� iBAB�${R stI
VZ�B8s�$Bt� N�Z%�t�  �j�$Z8� d��M�

>n(H N� 7�B{{B� 7�e� 7sj{ZI�st� 3� 7sRRst$� "��{Yst$R8 I�R$�t PB� �jBAsj $RB��B}k b$�Y s}}j${s�$BtR �B
Ys}�${ $t���Ps{�R"� _�B{��I$t�R BP V7�e G$t��� VttZsj ����$t� w*sjjsR� q�-sRD� %Bj�Ed� }}�ddxT
d11� d����

nx



Human
Operator

Master
Manipulator

Communication
Channels

Slave
Manipulator Environment

- - - -

����

Transparency Block
�

Adaptive Motion/Force
Control of Master

�

Adaptive Motion/Force
Control of Slave

@

3$�� d 7�sA$j$�k �Zs�st���I ��j�B}��s�$Bt {Bt��Bj

Force Sensor

of Master

Force

Tracking

Window

Position

Tracking

Window

Master

Robot
Motor Shaft

with Planetary

Gearhead

Aluminum Bar

Mounted on the

Base Rigidly

Force Sensor

of Slave
Slave Robot

Motor Shaft

with Harmonic

Drive

Handle

3$�� n e-}��$8�t�sj R��TZ}



V�s = �p(~Vm + � ~Pm)� ��Ps �A( ~Fs + �f ~Fm)

�s = V�s � Vs

f�s =

"
0

�rInr

#
fA�1[�p(Vm + �Pm)

���(C�1Vs + Ps)]� �fFmg

V
�

m = ��1p

h
~Vs + �� ~Ps � A( ~Fs + �f ~Fm)

i
� �Pm

�m = V
�

m � Vm

Ys( _V�

s
;V�

s
;Vs;Ps)

"
�fInf 0

0 �rInr

#

T T
s

Ks

Ym( _V�

m
;V�

m
;Vm;Pm)

T T
m

K
m

Fs T
�1

s
�s

f�
s�sV�

s
_V�

s

Vs
Ps �̂s

Fm

Vm Pm

�m
V�

m

_V�

m

�̂m

T
�1

m
�m F�

h

FmPmVm

Fs Ps Vs

3$�� 1 *$s��s8 BP A$js���sj ��j�B}��s�$Bt {Bt��Bj RkR��8



0 2 4 6 8 10 12 14 16
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

Time (second)

(m
)

Position Tracking

0 2 4 6 8 10 12 14 16
−40

−30

−20

−10

0

10

20

30

40

(N
)

Force Tracking

Time (second)

3$��; wsD 3$��; wAD

3$�� ; _BR$�$BtTPB�{� {Bt��Bj b$�Y �� ) d3(� �W ) d(3( PB� �$�$I {Bt�s{�

0 2 4 6 8 10 12 14 16
−0.12

−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02
Position Tracking

(m
)

Time (second)
0 2 4 6 8 10 12 14 16

−40

−30

−20

−10

0

10

20

30

40

Time (second)

Force Tracking

(N
)

3$��x wsD 3$��x wAD

3$�� x _BR$�$BtTPB�{� {Bt��Bj b$�Y �� ) d3(� �W ) 13( PB� 4�-$Aj� {Bt�s{�



0 2 4 6 8 10 12 14 16
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

(m
)

Position Tracking

Time (second)
0 2 4 6 8 10 12 14 16

−40

−30

−20

−10

0

10

20

30

40

Time (second)

Force Tracking

(N
)

3$��E wsD 3$��E wAD

3$�� E _BR$�$BtTPB�{� {Bt��Bj b$�Y �� ) (3x� �W ) x3( PB� �$�$I {Bt�s{�

0 2 4 6 8 10 12 14 16
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

Time (second)

(m
)

Position Tracking

0 2 4 6 8 10 12 14 16
−40

−30

−20

−10

0

10

20

30

40

(N
)

Force Tracking

Time (second)

3$��� wsD 3$��� wAD

3$�� � _BR$�$BtTPB�{� {Bt��Bj b$�Y �� ) 13(� �W ) 1(3( PB� �$�$I {Bt�s{�



0 2 4 6 8 10 12 14 16
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

0.1

Time (second)

(m
/s

)

Velocity Tracking

0 2 4 6 8 10 12 14 16
−40

−30

−20

−10

0

10

20

30

40
Force Tracking

(N
)

Time (second)

3$��M wsD 3$��M wAD

3$�� M is��TPB�{� {Bt��Bj �k}� d b$�Y �� ) d3(� � ) d(3(� �W ) d(3( PB� �$�$I {Bt�s{�

0 2 4 6 8 10 12 14 16
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

0.1

(m
/s

)

Time (second)

Velocity Tracking

0 2 4 6 8 10 12 14 16
−40

−30

−20

−10

0

10

20

30

40

Time (second)

(N
)

Force Tracking

3$��� wsD 3$��� wAD

3$�� � is��TPB�{� {Bt��Bj �k}� d b$�Y �� ) d3(� � ) d(3(� �W ) 13( PB� 4�-$Aj� {Bt�s{�



0 2 4 6 8 10 12 14 16
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

Time (second)

Position Tracking

(m
)

0 2 4 6 8 10 12 14 16
−40

−30

−20

−10

0

10

20

30

40

Time (second)

(N
)

Force Tracking

3$��d( wsD 3$��d( wAD

3$�� d( _BR$�$BtTPB�{� {Bt��Bj b$�Y (�dR Bt�Tbsk �$8� I�jsk w�� ) d3(� �W ) d(3(D



m�@

m�@

m�@

1

Mm�s

mhs + bh +
kh
s

Cm +
�

s
�Gb

m

kf

kp
�Ga

m
- - -

6

��

6

��

?

6

6

-
- -

-

Fm = Fh

Vm

F�

h

m�@

m�@
1

Ms�s

mes + be +
ke
s

Cs + � �
�

s
�G

b

s

Ga

s
��

?

-

?

?
��

- -

6

-

- -Vs

Fs = Fe

C4 �C3 �C2 C1

HH
HH

HH
HH

HH
HH

HH
HH

HHY

��
��
��
��
��*

�����������

HHHHHHHHHHHHHHHHHHj

3$�� dd  jB{, I$s��s8 BP st dT*!3 ��j�B}��s�$Bt RkR��8



@�@�@
k

b

m

M

-
Fx

-
fcx

?

Fy

?

fcy
x

y

-

6

@ @ @ @ @ @ @ @ @ @ @ @ @
@

@

@

@

3$��  dwsD

m�@ m�@ m�@
1

Ms

ms + b+
k
s

Cx

Ga

Gb

- - - -

��

�

?

66

?

?

?

- -

- -

Vxd

fcx

Vx
Fx

dx

3$��  dwAD

m�@ m�@

m�@

M̂s +Ky +
KyI

s

AC
s+C

AC
s+C

- -

?

�

6

�

�

?

�

-

-
dy

Vyd

Vyr

Fy

fcy

Fyd

3$��  dw{D

3$��  d V �bBT*!3 8B�$Bt\PB�{� {Bt��Bj RkR��8 b$�Y 4�-$Aj�\�$�$I {BtR��s$t�R


