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hmb q d ] r d �s gd �q hr i �ne �u d mntr �s gqnland lankhb �d u d ms r �hm�o] s hd ms r �
vhsg�f] r s qnhms d r s hm] k�akd d chmf-�Nm�sgd �a] r hr �ne �ntq �q d r tks r *�
s q ] md w ] lhb �] b hc�r gntkc�mns �ad �tr d c�enq �s gd �s q d ] sld ms �ne �
f] r s qnhms d r s hm] k�akd d chmf�nts r hcd �s gd �b nms d w s �ne �] �q ] mcnlhr d c�
s q h] k-�Ntq �q d r tks r �ghfgkhfgs �s gd �tmq d kh] ahkhs x �ne �ld s ] , ] m] kx r d r �ne �
rl] kk�s q h] kr -
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5/0 4�] r r hfmd c�s n�ok] b d an�] mc�a] r d khmd �
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4877�q d b d hu d c�kn] chmf�cnr d
440 /�q d b d hu d c�l] hms d m] mb d �cnr d

1 2 �q d b d hu d c�md hs gd q �cnr d

5//3�vhs g�nts b nld �c] s ]
4870 �q d b d hu d c�] kknb ] s d c�s q d ] s ld ms �] mc�

hmb ktcd c�hm�s gd �oq hl] q x �] m] kx r hr
�

0 0 �b nmr d ms �vhs gcq ] vm�] mc�nts b nld �
c] s ] �tm] u ] hk] akd

0 1 �//8�o] s hd ms r �q ] mcnlkx �] r r hfmd c
�

4883�] r r hfmd c�s n�s q ] md w ] lhb �] b hc�] mc�
a] r d khmd �c] s ] �b nkkd b s d c

4853�q d b d hu d c�kn] chmf�cnr d
4372 �q d b d hu d c�l] hms d m] mb d �cnr d

1 8�q d b d hu d c�md hs gd q �cnr d

4874�vhs g�nts b nld �c] s ]
4845�q d b d hu d c�] kknb ] s d c�s q d ] s ld ms �] mc�

hmb ktcd c�hm�s gd �oq hl] q x �] m] kx r hr

5�b nmr d ms �vhs gcq ] vm�] mc�nts b nld �
c] s ] �tm] u ] hk] akd

2 �knr s �s n�enkknv, to
�

6 �b nmr d ms �vhs gcq ] vm�ats �nts b nld �
c] s ] �oqnu hcd c�

�
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P V m c n lhr V s hn m ·V m c ·lV r j hm f
>m�hmcd od mcd ms�r s] shr shb h] m�eq n l�Rd ] kd c�Dmu d kn od �’Kn mcn m)�
TJ(� f d md q ] sd c� q ] mcn lhr ] shn m� mtlad q r � ] mc� sgd r d � vd q d �
f hu d m� sn �Rg] qo�Bkhmhb ] k�Rd q u hb d r �TJ� ’Bq hb j gn vd kk)�TJ()� ] �
Fn n c�L] mte] b stq hmf �Oq ] b shb d �b d q sh“d c�b khmhb ] k�sq h] k�r d q u hb d �
oq n u hcd q)� sn �l] j d � sq d ] sld ms�o] b j r -�Vgd m� ] �o] shd ms�v] r �
d mq n kkd c)�sgd �kn vd r s�mtlad q d c�sq d ] sld ms�o] b j �v] r �s] j d m�
eq n l� ] � an w � n e� d hf gs� o] b j r -� Rg] qo�Bkhmhb ] k� Rd q u hb d r �v] r �
q d r on mr hakd � en q �l] r j hmf )� vghb g� hmu n ku d c� q d ln u hmf � sgd �
l] mte] b stq d q &r � k] ad k� ] mc� q d ok] b hmf � hs� vhsg� sgd � b khmhb ] k�
sq h] k� k] ad k� ] mc� q ] mcn lhr ] shn m� mtlad q-� >o] q s� eq n l� sgd �
q ] mcn lhr ] shn m�mtlad q)�sgd �o] b j �k] ad k�sd w s�v] r �hcd mshb ] k�
en q � sq ] md w ] lhb � ] b hc� ] mc� ok] b d an -� O] shd msr )� b ] q d f hu d q r )�
] mc� sgn r d � ] r r d r r hmf � n tsb n ld r � vd q d � l] r j d c� sn � ] kkn ,
b ] shn m-�Vd � b gd b j d c� sgd � b n chmf �ax � sd r shmf � d ] b g�a] sb g� n e�
] lon tkd r �vhsg�ghf g,od q en ql] mb d �khpthc�b gq n l] sn f q ] ogx �

sn � cd sd qlhmd � sgd � b n msd msr -� Akn b j � q ] mcn lhr ] shn m� v] r �
tr d c�ats�q ] mcn lhr ] shn m�v] r �mn s�r sq ] sh“d c-

O p n b d c t p d r
Dkhf hakd � o] shd msr � vd q d � q ] mcn lkx � ] r r hf md c� sn � f d s�
sq ] md w ] lhb � ] b hc� n q � ok] b d an � ] r � r n n m� ] r � on r r hakd � ] mc�
sq d ] sld ms�v] r �r s] q sd c�hlld ch] sd kx -�>�kn ] chmf �cn r d �n e�0 �f �
sq ] md w ] lhb �] b hc�n q �ok] b d an �’r n chtl�b gkn q hcd �/ – 8  (�v] r �
] ccd c�sn �] �0 / / �lK�hmetr hn m�a] f �n e�/ – 8  �r n chtl�b gkn q hcd �
] mc� hmetr d c�ax � r kn v� hmsq ] u d mn tr � hmid b shn m� n u d q � 0 / �lhm)�
en kkn vd c�ax �] �l] hmsd m] mb d �cn r d �n e�2 �f �sq ] md w ] lhb �] b hc�n q �
ok] b d an �] ccd c�sn �0 �K�n e�] mx �hr n sn mhb �hmsq ] u d mn tr �r n ktshn m�
] mc� hmetr d c� ] s� 0 1 4 � lf . g� en q � 1 3 � g-� Du d q x � o] shd ms� v] r �
] r r hf md c� ] � tmhptd kx � mtlad q d c� sq d ] sld ms� o] b j )� vghb g�
b n ms] hmd c�d hf gs�] lon tkd r �n e�sq ] md w ] lhb �] b hc�4 / / �lf �n q �
ok] b d an )�n md �0 / / �lK�a] f �n e�/ – 8  �r n chtl�b gkn q hcd �’sn �tr d �
vhsg� sgd � kn ] chmf � cn r d ()� svn � r sd q hkd � 0 / �lK� r x q hmf d r � ] mc�
md d ckd r )�r shb j d q r �vhsg�sgd �sq h] k�cd s] hkr �] mc�q ] mcn lhr ] shn m�
mtlad q � ’en q � ] ss] b ghmf � sn � hmetr hn m�a] f r )� en qlr )� ] mc� sgd �
ld chb ] k�q d b n q cr ()�] mc�hmr sq tb shn mr -�O“y d q)�R] mcvhb g)�TJ�
’OK� / / / 4 6 . / 8 4 1 (� l] mte] b stq d c� sgd � sq ] md w ] lhb � ] b hc�
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] mc� Sn q a] x � ] mc� Rn tsg� Cd u n m� MGR� En tmc] shn m� Sqtr s�
’LH>� ZHLO[� 0 2 / 6 8 (� l] mte] b stq d c� sgd � r n chtl� b gkn q hcd �
/ – 8  � ok] b d an -� Vd � oq n u hcd c� hmen ql] shn m� en q � o] shd msr �
] mc� q d oq d r d ms] shu d r )� b n mr d ms� en qlr )� ] mc�c] s] � b n kkd b shn m�
en qlr -�Rshb j d q r )�hmr sq tb shn mr )�kd ] fid sr )�] mc�en qlr �vd q d �hm�
kn b ] k�k] mf t] f d r -
Nmb d � q ] mcn lkx � ] r r hf md c)� vd � b n kkd b sd c� n tsb n ld � c] s] �
d u d m� he� sgd � sq d ] sld ms� v] r � mn s� f hu d m-� Ntsb n ld � c] s] �
vd q d � b n kkd b sd c�] s�cd ] sg)�chr b g] q f d � eq n l�sgd �q ] mcn lhr hmf �
gn r ohs] k)� n q � 1 7 � c] x r � ] esd q � q ] mcn lhr ] shn m)� vghb gd u d q �
n b b tq q d c� “q r s-� Sq h] k� hmu d r shf ] sn q r � ] mc� sgd hq � hmr shstshn mr �
oq n u hcd c�chq d b s� ] b b d r r � sn � sgd � r n tq b d �c] s] � en q � sq h] k,q d k] sd c�
ln mhsn q hmf )� ] tchsr )� ] mc� q d f tk] sn q x � hmr od b shn mr -� Ln mh,
sn q hmf � v] r � cn md � ] b b n q chmf � sn � sgd � Ron mr n q &r � Rs] mc] qc�
Nod q ] shmf � Oq n b d ctq d � ] mc� sgd � sq h] k� oq n sn b n k-� En ql] k�
hmr od b shn mr � vd q d � b ] q q hd c� n ts� ax � sgd � q d kd u ] ms� Qd f tk] sn q x �
>f d mb hd r � hmb ktchmf � sgd � TJ� Ld chb hmd r � ] mc� Gd ] ksgb ] q d �
oq n ctb sr � Qd f tk] sn q x � >f d mb x )� H q hr g� Gd ] ksg� Oq n ctb sr �
Qd f tk] sn q x � >tsgn q hsx )� ] mc�Mhf d q h] &r �M] shn m] k� >f d mb x � en q �
En n c�] mc�Cqtf �>clhmhr sq ] shn m�] mc�Bn msq n k-�>cgd q d mb d �sn �
] kkn b ] shn m� r d ptd mb d � v] r �ln mhsn q d c� sgq n tf gn ts� sgd � sq h] k�
] mc� ] mx � n ts� n e� r d ptd mb d � o] b j � tr d � v] r � ] tsn l] shb ] kkx �

fi] f f d c� hm� sgd � sq h] k� c] s] a] r d � ] mc� sgd � hmu d r shf ] sn q r � vd q d �
q d sq ] hmd c-

Mt s b n ld r
Sgd �oq hl] q x � n tsb n ld �v] r �cd ] sg�ctd � sn �akd d chmf �vhsghm�
4 �c] x r �n e�q ] mcn lhr ] shn m-�B] tr d �n e�cd ] sg�v] r �] r r hf md c�ax �
kn b ] k� oq hmb ho] k� hmu d r shf ] sn q r �vgn � oq n u hcd c� ] � m] q q ] shu d � n e�
d u d msr �kd ] chmf �sn �cd ] sg-�Sgd r d �vd q d �q d u hd vd c�ax �sgd �b ghd e�
hmu d r shf ] sn q �’l] r j d c�sn �sq d ] sld ms�] kkn b ] shn m(�] mc�ptd q hd c�
he�ln q d �hmen ql] shn m�v] r �md d cd c�sn �b n m“ql�vgd sgd q �cd ] sg�
v] r �ctd �sn �akd d chmf �n q �] mn sgd q �b ] tr d -�Rd b n mc] q x �n tsb n ld r �
vd q d �cd ] sg�ctd �sn �akd d chmf �vhsghm�1 3 �g�] mc�vhsghm�1 7 �c] x r �
n e� q ] mcn lhr ] shn m)� ] kk,b ] tr d � ] mc� b ] tr d ,r od b h“b � ln q s] khsx �
] s� 1 7 � c] x r )� q d akd d chmf � vhsghm� 1 3 � g)� vhsghm� 4 � c] x r )� ] mc�
vhsghm� 1 7 �c] x r � n e� q ] mcn lhr ] shn m)� r tq f d q x � n q � q ] chn kn f hb ] k�
hmsd q u d mshn m)�akn n c�oq n ctb s�sq ] mr �etr hn m)�sgq n lan d lan khb �
d u d msr � ’cd d o� u d hm� sgq n lan r hr )� otkln m] q x � d lan khrl)�
r sq n j d )� ] mc�lx n b ] qch] k� hme] q b shn m()� r d hy tq d r )� n sgd q � b n l,
okhb ] shn mr � ’hmb ktchmf � n sgd q � r hf mh“b ] ms� b ] q ch] b � d u d ms)�
r d or hr )�omd tln mh] )�q d r ohq ] sn q x �e] hktq d )�q d m] k�e] hktq d )�khu d q �
e] hktq d ()� c] x r � hm� ] m� hmsd mr hu d � b ] q d � tmhs)� ] mc� etmb shn m] k�
r s] str -� Sgd � ch] f mn r hr � n e� q d akd d chmf � v] r � l] cd � ax � sgd �
b khmhb h] m� a] r d c� n m� d r s] akhr gd c� b q hsd q h] -� >� ch] f mn r hr � n e�
sgq n lan d lan khb �d u d msr �v] r �l] cd �tr hmf �r sq hb s�cd “mhshn mr �
] mc� ch] f mn r shb � b q hsd q h] )� hmb ktchmf � ] � b khmhb ] k� ] r r d r rld ms)�
ch] f mn r shb � hl] f hmf )� ahn l] q j d q � sd r sr )� ] mc� on r s,ln q sd l�
d w ] lhm] shn m-�Rd hy tq d r �vd q d �ch] f mn r d c�ax � b khmhb ] k� ] r r d r r ,
ld ms-� Etmb shn m] k� r s] str � v] r � ld ] r tq d c� vhsg� sgd � J] sy �
Hmcd w �n e�Hmcd od mcd mb d �hm�>b shu hshd r �n e�C] hkx �Khu hmf �d hsgd q �
] s�gn r ohs] k�chr b g] q f d �n q �hm,gn r ohs] k�] s�1 7 �c] x r -
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Sgd � r ] lokd � r hy d � b ] kb tk] shn m� v] r � hmhsh] kkx � a] r d c� n m� ] kk,
b ] tr d �ln q s] khsx �] r �sgd �oq hl] q x �n tsb n ld �r hmb d �vd �d w od b sd c�
sg] s� ln r s� cd ] sgr � vn tkc� ad � ctd � sn � akd d chmf -0 0 � Gn vd u d q)�
vghkd �sgd �sq h] k�v] r �tmcd qv] x )�vd �n ar d q u d c�sg] s�n u d q �g] ke�n e�
] kk�cd ] sgr �vd q d �ctd �sn �mn m,akd d chmf �b ] tr d r -�>b b tltk] shmf �
d u hcd mb d �eq n l�n sgd q �k] q f d �sq h] kr �n e�sq ] md w ] lhb �] b hc�r gn vd c�
mn �] oo] q d ms�d αd b s�n m�mn m,akd d chmf �cd ] sgr -0 1 �Etq sgd qln q d )�
o] shd msr � q d b d hu d c� sq ] md w ] lhb � ] b hc� ’n q � ok] b d an (� n mkx � en q �
sgd hq �hmhsh] k�akd d c�] mc�ad b ] tr d �sq ] md w ] lhb �] b hc�g] r �] �r gn q s�
g] ke,khed � ’] ooq n w hl] sd kx � 1 �g()� hs�vhkk�ad � k] q f d kx � d khlhm] sd c�
vhsghm�1 �c] x r -�>r �r tb g)�vd �chc�mn s�d w od b s�sq ] md w ] lhb �] b hc�
sn � q d ctb d � cd ] sgr � eq n l� q d akd d chmf � d ohr n cd r �l] mx �vd d j r �
] esd q �q ] mcn lhr ] shn m-�Sgd �oq hl] q x �n tsb n ld �v] r �sgd q d en q d �
b g] mf d c� sn � cd ] sg� ctd � sn � akd d chmf � vhsghm� 4 � c] x r � n e�
q ] mcn lhr ] shn m� n m�Mn u � 1 0 )� 1 / 0 7 -� A] r d c� n m� sgd � ] ld mcd c�
oq hl] q x � n tsb n ld )� ] r r tlhmf � ] � q hr j � n e� cd ] sg� ctd � sn �
akd d chmf � n e� 3  )� ] � r stcx � vhsg� 0 1 �/ / / � o] shd msr � g] r � ] an ts�
7 4  � on vd q � ’svn ,r hcd c� ≤� n e� 4  (� sn � cd sd b s� ] � b khmhb ] kkx �
hlon q s] ms�1 4  �q d k] shu d �q d ctb shn m�hm�cd ] sg�ctd �sn �akd d chmf �
eq n l�3  �sn �2  -
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