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T h e  D e p a r t m e n t  o f  C o n d e n s e d  M a t t e r  a n d  L o w 
Te m p e r a t u r e s  c o n d u c t s  f u n d a m e n t a l  s t u d i e s  o f  n e w 
s t a t e s  o f  m a t t e r  ( m a g n e t i s m ,  c h a r g e  d e n s i t y  w a v e s , 
s u p e r c o n d u c t i v i t y ,  e t c . )  a n d  o f  t h e  p h y s i c s  o f  h e l i u m 
b e t w e e n  1 0 0   K  a n d  r o o m  t e m p e r a t u r e .  T h e  d e p a r t m e n t 
d e v e l o p s  t r a n s v e r s e  a c t i v i t i e s  i n  c r y o g e n i c  e l e c t r o -
t e c h n o l o g y,  f l u i d  m e c h a n i c s ,  a s t r o n o m y,  t h e  l i f e 
s c i e n c e s  a n d  a s s o c i a t e d  a p p l i c a t i o n s  ( c r y o g e n i c s , 
a e r o - s p a c e ) .

T h e  D e p a r t m e n t  o f  N a n o s c i e n c e s  i s  e n g a g e d  i n 
t h e  s t u d y  o f  t h e  p h y s i c a l  p r o p e r t i e s  o f  n a n o s t r u c -
t u r e s  :  e l e c t r o n i c  t r a n s p o r t ,  m a g n e t i s m ,  n a n o -
m e c h a n i c s ,  s p e c t r o s c o p y . . .  a t  b o t h  e x p e r i m e n t a l 
a n d  t h e o r e t i c a l  l e v e l s .  T h e s e  n a n o s t r u c t u r e s  a r e 
p r e p a r e d  f r o m  v a r i o u s  t y p e s  o f  m a t e r i a l s  c h o -
s e n  f o r  t h e i r  s p e c i f i c  p r o p e r t i e s  -  n o v e l  s e m i -
c o n d u c t o r s ,  s u p e r c o n d u c t o r s ,  m e t a l s ,  m a g n e t i c 
m a t e r i a l s  a n d  m o l e c u l e s . . .  T h e i r  f a b r i c a t i o n  a t 
t h e  n a n o m e t r e  s c a l e  -  m o l e c u l a r  f i l m s ,  n a n o w i -
r e s ,  n a n o t u b e s ,  q u a n t u m  w e l l s  a n d  d o t s  -  l e a d s 
t o  n o v e l  f u n c t i o n s  r e s u l t i n g  f r o m  t h e  m o s t  f u n -
d a m e n t a l  a s p e c t s  o f  q u a n t u m  p h y s i c s .

T h e  D e p a r t m e n t  o f  C o n d e n s e d  M a t t e r ,  M a -
t e r i a l s  &  F u n c t i o n s  f o s t e r s  f u n d a m e n t a l  r e -
s e a r c h  o f  m a t e r i a l s  a n d  t h e i r  a p p l i c a t i o n s .  I t 
h a s  w i d e  r a n g e  e x p e r i m e n t a l  a n d  t h e o r e t i c a l 
e x p e r t i s e s  i n  m a t e r i a l  p r e p a r a t i o n ,  c r y s t a l l o -
g r a p h y ,  e l e c t r o n i c  s t r u c t u r e ,  m a g n e t i s m ,  l a -
s e r s ,  n o n - l i n e a r  o p t i c s ,  c a t a l y s i s  a n d  e n e r g y . 
T h e  D e p a r t m e n t  i s  d i s t i n g u i s h e d  b y  a  s t r o n g 
i n t e r p l a y  b e t w e e n  p h y s i c s  a n d  c h e m i s t r y .  I t 
m a n a g e s  n a t i o n a l  p r o j e c t s  a t  t h e  E S R F  a n d 
I L L  a n d  c o o r d i n a t e s  t w o  t h e m a t i c  n e t w o r k s 
o f  t h e  C N R S .
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r t od q b n mct b s n q �R q 1 Q t / 3 �’ S b �z0 -4 �J ( -���S gd �ln mn b q x r s ] k�
v] r � fq n vm� hm� n t q � hmr s hs t s d � ax � ] � ln ks d m� y n md � ld s gn c�
hm� ] m� hl] fhmf� e t q m] b d -� � R q 1 Q t / 3 � hr � ] � l] s d q h] k� vhs g� ] m�
~ t mb n mu d ms hn m] k•� r t od q b n mct b s hmf� r s ] s d -� Vd � t r d � ] �
"R PTHC� s n �oq n ad � s ghr �l] s d q h] k� t mcd q � ] �l] fmd s hb � «�d kc-�
Vd �d w od b s �s n �«�mc�cn l] hmr �vgd q d �s gd �Bn n od q �o] hq r �g] u d �
] ms ho] q ] kkd k� n q ahs ] k� ln ld ms r � ’ n oon r hs d � b ghk] q hs x ( :� s gd �
oq d r d mb d � n e � e q ] b s hn m] k� u n q s hb d r � n m� s gd � cn l] hm� v] kkr � hr �
oq d chb s d c+�] mc�] kr n �oq d e d q d ms h] k�mt b kd ] s hn m�n e �u n q s hb d r �hm�
n md �n e �s gd �s vn �j hmcr �n e �cn l] hmr -

� Vd � g] u d � hmcd d c� n ar d q u d c� u n q s hb d r � hm� s ghr �
l] s d q h] k+� e n q � s gd � «�q r s � s hld -� Hmchu hct ] k� u n q s hb d r +� d ] b g�
b ] q q x hmf� ] � pt ] ms t l� n e � fi�t w +� ] ood ] q � hm� u d q x � vd ] j � «�d kc�
’G;0 / , 3 � S d r k] ( -� @s � ghfgd q � «�d kcr +� s gd � u n q s hb d r � ld q fd �
s n fd s gd q � s n � e n q l� l] fmd s hb � cn l] hmr -� Vd � cd ct b d � s g] s �
s gd q d � hr � ] �ld b g] mhr l�hm�s ghr � b n lon t mc�s g] s � ] ks d q r � s gd �
t r t ] k�q d ot kr hn m�ad s vd d m�u n q s hb d r -
�

�

Ehftqd�1-�Lhbqnrpthc�lhbqnrbnox�hlZfd�’06�w�20�"l1(�ne�
lZfmdshb�fi�tw�chrsqhatshnm�nm�R q 1 Q t / 3 �Zs�S;�/-27�J�Zesdq�
z“�dkc�bnnkhmf–�hm�G�;�0/�FZtrr�Zs�Zmfkdr�’Z(�6/½+�’a(�5/½�
Zmc�’b(�4/½�sn�sgd�b�Zwhr-�FqZog�’c(�rgnvr�sgd�fi�tw�oqn“�kd�
sgqntfg�ansg�Z�unqsdw�Zmc�Z�zunqsdw�khmd–+�Zknmf�sgd�akZbj�
sqZbd�rgnvm�hm�’Z(-����

� Vd � ] kr n � n ar d q u d � s gd � ] mhr n s q n ox � n e � s ghr � k] ld kk] q ��
r t od q b n mct b s n q+� vghb g� b n d w hr s r � vhs g� s gd � e t r hn m� n e � s gd �
u n q s hb d r -� S gd � u n q s d w � cn l] hmr � ] q d � r s q d s b gd c� n t s � ] mc�
kd mfs gd md c�vgd m� s gd �l] fmd s hb � «�d kc� hr � s hks d c� � s n v] q cr �
s gd �b q x r s ] k�ok] md r -
� Nt q � mn u d k� "R PTHC,a] r d c� hmr s q t ld ms � g] r � s gt r �
d m] akd c�t r �s n �oq n ad �s gd �m] s t q d �n e �s gd �r t od q b n mct b s hu hs x �
n e �R q 1 Q t / 3 �u h] �s gd �ad g] u hn t q �] mc�hms d q ] b s hn mr �n e �u n q s hb d r �
hm� s gd � l] s d q h] k-� S ghr � s d b gmhpt d � b n t kc� ad � ] ookhb ] akd � s n �
l] mx �n s gd q �l] fmd s hb �l] s d q h] kr -
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L] fmd s hb �hl] fhmf�n e �t mb n mu d ms hn m] k�
r t od q b n mct b s n q r

E t o s g d o �o d Z c hm f �8�
– �~ Nar d q u ] s hn m�n e �s vn �r od b hd r �n e �u n q s hb d r �hm�s gd �] mhr n s q n ohb �r ohm, s q hokd s �r t od q b n m,
ct b s n q �R q 1 Q t N3 +•�+U-�N-�Cn kn b ] m+�O -�K d i] x +�C-�L] hkkx +�] mc�J -�G] r r d ka] b g+�O gx r -�Q d u -�A �
6 3 +�0 3 3 4 / 4 �’ 1 / / 5 ( -
– �~ Nar d q u ] s hn m� n e �Un q s d w � Bn ] kd r b d mb d � hm� s gd � @mhr n s q n ohb � R ohm, S q hokd s � R t od q b n m,
ct b s n q �R q 1 Q t N3 •+��U-�N-�Cn kn b ] m+�B-�Ud ] t u x +�E -�R d q u ] ms +�O -�K d i] x +�J -�G] r r d ka] b g+�X -�K ht +�
] mc�C-�L] hkkx +�O gx r -�Q d u -�K d s s -�8 4 +�/ 8 6 / / 3 �’ 1 / / 4 ( -

, 0 ,
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S gd q l] k�m] mn vn q kc�

� Sgd�sgdqlZk�qdronmrd�ne�Z�mZmnrxrsdl�sn�Z�gdZs�
otkrd�lZx�ad�Zrsnmhrghmfkx�hqqdftkZq-�Vd�Zqd�odqenqlhmf�
qdrdZqbg�nm�sgd�sgdqlZk�Zmc�sgdqlncxmZlhb�adgZuhntq�ne�
lZssdq�rsqtbstqdc�Zs�sgd�mZmnrbZkd-�?mnlZkntr�adgZuhntq�
Zr�bnloZqdc�sn�sgd�atkj�lZx�ad�nardqudc�hm�sgdqlZk�
sqZmronqs�hm�nmd�chldmrhnmZk�ognmnm�vZudfthcdr+�Zr�
vdkk�Zr��hm�sgd�rodbh“�b�gdZs�oqnodqshdr�ne�mZmnrsqtbstqdc�
lZsdqhZkr-

� Vd � g] u d � e n t mc� r t b g� ad g] u hn t q � ax � � ld ] r t q hmf�
s gd �gd ] s �b ] o] b hs x �n e �ld r n r b n ohb �r t od q b n mct b s hmf�q hmfr �
] mc�chr j r �ok] b d c�hm�] m�d w s d q m] k�l] fmd s hb �«�d kc+�t r hmf�] m�
t ks q ] , r d mr hs hu d �r d mr n q -�S gd �d md q fx �r d mr hs hu hs x �b n q q d r on mcr �
s n �] �e d v�s d mr �n e �] m�] s s n in t kd �’ 0 / , 0 7 �I n t kd +�r d d �q d e d q d mb d ( -�
@r � n md � hmb q d ] r d r � s gd � l] fmd s hb � «�d kc+� s gd � gd ] s � b ] o] b hs x �
r s ] q s r � s n � n r b hkk] s d � r gn vhmf� ] � chr b n ms hmt n t r � ad g] u hn t q �
] r r n b h] s d c� vhs g� s gd � od md s q ] s hn m� n e � fh] ms � u n q s hb d r � hm�
s gd � q hmfr -� S gd � d ms q x � n e � d ] b g� u n q s d w � hr � ] b b n lo] mhd c� ax �
] �og] r d �s q ] mr hs hn m:�n t q �d w od q hld ms �g] r �r gn vm�s g] s �r t b g�
s q ] mr hs hn mr � ] q hr d � hm� ] � b ] r b ] cd � ] r � s gd � l] fmd s hb � «�d kc� hr �
r vd os �’ r d d �E hft q d �1 ( -��S ghr �cd ln mr s q ] s d r �s g] s �vgd m�s gd �
r hy d �n e �l] s s d q �hr �q d ct b d c�cn vm�s n �s gd �r t alhb q n m�r b ] kd +�
s gd � s d lod q ] s t q d � q hr d � oq n ct b d c� ax � d w s d q m] k� gd ] s hmf� hr �
ghfgkx �mn m,ln mn s n mn t r -

Ehf-�09�?ssnintkd�rdmrnq�Zmc�mZmn,naidbsr�rstchdc�ax�sgd��
zSgdqlncxmZlhbr�ne�RlZkk�Rxrsdlr%–�SdZl

� � � � � � �
� R t b g� r t q oq hr hmf� ad g] u hn t q � hr � u d q x � che e d q d ms �
e q n l� vg] s � g] ood mr � hm� l] b q n r b n ohb � r x r s d l� vgd q d �
n mkx �] �r hmfkd �og] r d �s q ] mr hs hn m�hr �n ar d q u d c�ad s vd d m�s gd �
r t od q b n mct b s hmf�] mc�s gd �mn q l] k�r s ] s d �] s �] ��b q hs hb ] k�u ] kt d �
n e �s gd �l] fmd s hb �«�d kc-�Nt q �q d r t ks r �r gn v�s g] s �s gd �s gd q l] k�
oq n od q s hd r � n e � o] s s d q md c� n aid b s r � ] s � s gd � m] mn r b ] kd � l] x �

ad �r s q n mfkx �ln ch«�d c�ax �s gd hq �r l] kk�r hy d -��S ghr �l] x �g] u d �
cq ] l] s hb � hlokhb ] s hn mr � e n q � s gd � b n mb d os hn m� n e � e t s t q d �
m] mn d kd b s q n mhb r �cd u hb d r -

Ehf-�19�Sgd�rodbh“�b�gdZs�btqudr�nasZhmdc�Zs�knv�sdlodqZstqd�
hkktrsqZsd�sgd�nrbhkkZshmf�adgZuhntq�rodbh“�b�sn�lZssdq�rsqtbstqdc�
Zs�sgd�mZmnrbZkd-

E t o s g d o �o d Z c hm f �8�
– �~ S gd q l] k� r hfm] s t q d r � n e � K hs s kd , O ] q j r � d e e d b s � hm� s gd � gd ] s � b ] o] b hs x � n e � ld r n r b n ohb �
r t od q b n mct b s hmf�q hmfr •+� E -� Q -�Nmf+�N-�A n t q fd n hr +� R -� R j hod s q n u +� ] mc�I -�Bg] t r r x +� O gx r -�
Q d u -�A �6 0 +�0 3 / 4 / 2 ’ Q ( �’ 1 / / 5 ( �’ Uhq s t ] k�I n t q m] k�n e �M] mn r b ] kd �R b hd mb d �] mc�S d b gmn kn fx +�
0 3 +�0 7 +�Nb s n ad q �2 / +�1 / / 5 ( -
– �~@s s n in t kd � b ] kn q hld s q x � n e � � ld r n r n b n ohb � r t od q b n mct b s hmf� kn n or •+� N-� A n t q fd n hr +�
R -�R j hod s q n u +�E -�Nmf�] mc�I -�Bg] t r r x +�O gx r -�Q d u -�K d s s -�8 3 +�/ 4 6 / / 6 �’ 1 / / 4 ( �’ Uhq s t ] k�I n t q ,
m] k�n e �M] mn r b ] kd �R b hd mb d �] mc�S d b gmn kn fx +�0 0 +�6 +�1 / / 4 ( -

B n m s Z b s �8�Nkhu hd o �A n t o f d n hr +�
n khu hd q -an t q fd n hr ?fq d mn akd -b mq r -e q
S d k9��)2 2 �3 6 5 7 7 0 1 0 6
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O n k] q n mr �hm�n q f] mhb �s q ] mr hr s n q r

� NqfZmhb� “�dkc� deedbs� sqZmrhrsnqr� ’NEDSr(� Zqd�
oqnuhchmf�dwbhshmf�oqnrodbsr�enq�onsdmshZk�ZookhbZshnmr�
hm�dkdbsqnmhbr-�Sgd�Zbshud�dkdldmsr�ne�sgdrd�cduhbdr�trd�
zokZrshb–�rdlhbnmctbsnqr+�aZrdc�nm�bZqanm�Zmc�gxcqnfdm-�
?lnmf�sgd�ZcuZmsZfdr�bnloZqdc�sn�bkZrrhbZk�rhkhbnm�
sqZmrhrsnqr+�sghr�mdv�fdmdqZshnm�ne�bnlonmdmsr�rgntkc�
bnlahmd�fi�dwhahkhsx+�knv�vdhfgs+�sqZmroZqdmbx�Zmc�knv�bnrs-

� Gn vd u d q+�ad e n q d �s gd x �b ] m�ad �t r d c�hm�b n lld q b h] k�
] ookhb ] s hn mr +�lt b g�vn q j �md d cr � s n �ad �cn md � s n � hloq n u d �
s gd � od q e n q l] mb d � n e � s gd r d � cd u hb d r -� Hm� s ghr � q d r od b s +�
d mn q ln t r �oq n fq d r r �g] r �ad d m�l] cd �s gq n t fg�n os hlhr hmf�
s gd � r x ms gd r hr � oq n b d r r d r +� cq ] r s hb ] kkx � q d ct b hmf� s gd �
b n mb d ms q ] s hn m� n e � hlot q hs hd r � oq d r d ms -� @s � s ghr � on hms +� ] �
ln q d � e t mc] ld ms ] k� t mcd q r s ] mchmf� n e � s gd � lhb q n r b n ohb �
ld b g] mhr lr �fn u d q mhmf�d kd b s q n m�s q ] mr on q s �hm�s gd �n q f] mhb �
l] s d q h] kr �ad b n ld r �md b d r r ] q x -
� R x r s d l] s hb � r s t chd r � n e � s q ] mr on q s � oq n od q s hd r � hm�
n q f] mhb � s q ] mr hr s n q r � a] r d c� n m� q t aq d md � g] u d � ad d m� cn md �
ax �@-�E -�Ln q ot fmn &r �s d ] l�] s �s gd �Hmr s hs t s d �n e �M] mn r b hd mb d r �
n e � Cd ke s � S d b gmhb ] k� Tmhu d q r hs x � ’Md s gd q k] mcr ( -� Hm� n q cd q � s n �
hmb q d ] r d �s gd �b ] o] b hs ] mb d +�s g] s �hr �s gd �l] w hlt l�cd mr hs x �n e �
b g] q fd �b ] q q hd q r +�s gd x �t r d �r d lhb n mct b s n q r �g] u hmf�ghfgd q �
] mc� ghfgd q � chd kd b s q hb � b n mr s ] ms r � e n q � s gd � fq hc� l] s d q h] k�
’ E hft q d �0 ] ( -
� Vd �g] u d �mn s hb d c�s g] s �s gd �d kd b s q n mhb �b n mct b s hn m+�
hmr s d ] c� n e � hmb q d ] r hmf� oq n on q s hn m] kkx � s n � s gd � mt lad q � n e �
b g] q fd �b ] q q hd q r +�g] r �] �s d mcd mb x �s n �r ] s t q ] s d +�] mc�d u d m�s n �
cd b q d ] r d -� Ld ] r t q d ld ms r � ] r � ] � e t mb s hn m� n e � s d lod q ] s t q d �
r gn vd c� s g] s � s ghr � ogd mn ld mn m� hr � ] r r n b h] s d c� vhs g� ] �
q d fhld � vgd q d � s gd � b ] q q hd q � ln ahkhs x � ad b n ld r � s gd q l] kkx �
] b s hu ] s d c� 9� s n � s q ] u d k� e q n l� n md � d kd b s q n cd � s n � s gd � n s gd q+�
s gd � d kd b s q n mr � lt r s � it lo� e q n l� ln kd b t kd � s n � ln kd b t kd +�
b q n r r hmf� ] � «�mhs d � d md q fx � a] q q hd q � ] s � d ] b g� it lo-� S gd �
lhb q n r b n ohb � n q hfhm� n e � s ghr �ogd mn ld mn m� hr � s n �ad � e n t mc�
hm� s gd � hms d q ] b s hn m� n e � s gd � b g] q fd � b ] q q hd q r � vhs g� s gd � hn mr �
b n mr s hs t s hmf� s gd � chd kd b s q hb � l] s d q h] k� n e � s gd � fq hc-� S gd �
b n lahmd c� d e e d b s r � n e � s ghr �~ d kd b s q n m,ogn mn m•� hms d q ] b s hn m�
] mc� s gd � r l] kk� a] mcvhcs gr � n ar d q u d c� e n q � ln kd b t k] q �
b q x r s ] kr � ’ n e � n q cd q � / -4 � d U( � kd ] c� s n � s gd � e n q l] s hn m� n e �md v�
pt ] r h,o] q s hb kd r � 9� � s gd � on k] q n mr � ’ r d d � E hfr � 0 a� ] mc� 0 b ( -�
O n k] q n m�e n q l] s hn m�s q ] or �s gd �b ] q q hd q r &�v] u d �e t mb s hn mr �n m�
hmchu hct ] k�ln kd b t kd r +�] mc�s gd hq �ln s hn m�hr �s gd m�ax �it lor +�
vghb g� d w ok] hmr � s gd � d w od q hld ms ] kkx � ld ] r t q d c� d md q fx �
a] q q hd q r -

� E t q s gd q � r s t chd r � ] q d � ad hmf� cn md � s n � ] m] kx r d �
s gd � d e e d b s r � n e � s gd � Bn t kn la� hms d q ] b s hn mr � ad s vd d m� s gd �
d kd b s q n mr -� S gd r d � hms d q ] b s hn mr � b n t kc� ad � s gd � n q hfhm� n e �
lx r s d q hn t r � ad g] u hn t q � n ar d q u d c� e n q � u d q x � ghfg� fq hc�
u n ks ] fd r -

Ehf-�0�’Z(�Ehdkc�deedbs�sqZmrhrsnq:�’a(�Hm�dpthkhaqhtl+�sgd�hnmr�ne�
sgd�fqhc�rdlhbnmctbsnq�Zqd�hm�Z�chrnqcdqdc�bnm“�ftqZshnm:�
’b(�Sgd�hnmr�onkZqhrd�Zmc�sqZo�sgd�dkdbsqnmr+�fhuhmf�qhrd�sn�
onkZqnmr-�’Ehftqd�hr�eqnl�sgd�rdbnmc�qdedqdmbd�adknv(-

E t o s g d o �o d Z c hm f �8�
– � ~ S t m] akd � E q ô gkhb g� O n k] q n mr � hm� Nq f] mhb � R hmfkd ,Bq x r s ] k� S q ] mr hr s n q r •� H-� M-� Gt kd ] +�
R -�E q ] s hmh+� G-� Whd +� B-K -� Lt kcd q+� M-M-� Hn r r ] c+� F-� Q ] r s d kkh+� R -� Bht b gh+� ] mc� @-� E -� Ln q ot q fn +�
M] s t q d �L] s d q h] kr �4 +�8 7 1 �’ 1 / / 5 (
– �~ Nq f] mhb �s q ] mr hr s n q r 9�] �on k] q hy d c�q d r on mr d •+�U-�Bn q n ob d ] mt +�I -, K -�A q ç c] r +�“ �Md vr �] mc�
Uhd vr �” +�M] s t q d �L] s d q h] kr �4 +�8 1 8 �’ 1 / / 5 ( -

, 2 ,

B n m s Z b s 8�R hln m d �E o Z s hm h
r hln md -e q ] s hmh?fq d mn akd -b mq r -e q
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Ghfg�Bt q hd �s d lod q ] s t q d �e d q q n l] fmd s hb �n w hcd r �
vhs gn t s �l] fmd s hb �] s n lr �

 Ferromagnetism may appear in materials which 
do not contain any magnetic ions, as in irradiated graphite 
(Esquinazi, PRL 2003), LaxCa1-xB6 (Young, Nature 1999) 
and more recently in HfO2 (Venkatessan, Nature 2004). 
This is indeed puzzling since d and f orbitals of both anions 
and cations are either completely fi lled or empty. This form 
of ferromagnetism (d0 ferromagnetism) which presumably  
results from intrinsic defects is still very controversial. 
Indeed, (i) it is often diffi cult to reproduce the experimental 
results and (ii) the appearance of magnetism depends 
strongly on the preparation conditions. Hs�hr�Zkrn�nardqudc�
sgZs�sgd�cdedbsr�qdronmrhakd�enq�edqqnlZfmdshrl�Zqd�knbZsdc�Zs�
sgd�hmsdqeZbd�adsvddm�lZsdqhZk�Zmc�rtarsqZsd-

� E q n l� ] a, hmhs hn � b ] kb t k] s hn mr � hs � v] r � r gn vm� s g] s �
b ] s hn m� u ] b ] mb hd r � hm� an s g� B] N� ’ D k«�ln u +� O Q K � 1 / / 1 ( � ] mc� GeN

1
�

’ O d ll] q ] it +�O Q K �1 / / 4 ( �kd ] c�s n �] �e d q q n l] fmd s hb �fq n t mc, r s ] s d -�Hm�
b n ms q ] r s +�s gd �fq n t mc�r s ] s d �q d l] hmr �o] q ] l] fmd s hb �vhs g�n w x fd m�
u ] b ] mb hd r -� Hm� s gd � oq d r d mb d � n e � b ] s hn m� u ] b ] mb hd r +� ] � kn b ] khy d c�
ln ld ms � n m� s gd � «�q r s � n w x fd m� r gd kk� md hfgan t q hmf� s gd � cd e d b s r �
v] r �n as ] hmd c-�Tmen q s t m] s d kx +�] �q d b d ms �r s t cx �g] r �] kr n �b n mb kt cd c�
s g] s � e d q q n l] fmd s hr l� hm� B] N� hr � t mkhj d kx � ’Nr n q hn ,Ft hkkç m+� O Q K �
1 / / 5 ( -� Hm�B] N+� s gd �l] fmd s hb � b n t okhmfr � ] q d � u d q x � r gn q s � q ] mfd c�
] mc�ad x n mc�] �u d q x �r l] kk�b n mb d ms q ] s hn m�s gd �e n q l] s hn m�n e �b ] s hn m�
u ] b ] mb hd r � hr � d md q fd s hb ] kkx � t me ] u n q ] akd -� @ks gn t fg+� s gd � ] a,
hmhs hn �] ooq n ] b g�hr �] �on vd q e t k�s n n k�s g] s �q d pt hq d r �mn �] cit r s ] akd �
o] q ] ld s d q r +� hs � q d l] hmr �l] s d q h] k� r od b h«�b � ] mc�cn d r �mn s � ] kkn v�] �
r hlokd �cd s d q lhm] s hn m�n e �s gd �q d kd u ] ms �ogx r hb ] k�o] q ] ld s d q r �s g] s �
vn t kc�b n ms q n k�c/ �e d q q n l] fmd s hr l-

Ehf-�09�HkktrsqZshnm�ne�sgd�GtaaZqc�lncdk�hm�sgd�oqdrdmbd�ne�bnqqdkZsdc�
chrnqcdq-�?�odqstqaZshnm�’nm,rhsd�onsdmshZk�U(�hr�hmsqnctbdc�nm�sgd�nwxfdm�
nqahsZkr�mdhfgantqhmf�sgd�cdedbs-�Nm�sgd�nwxfdm�rhsdr�sgd�GtaaZqc�
oZqZldsdq�T�oqdudmsr�sgd�cntakd�nbbtoZmbx-

� Q d b d ms kx � ’ r d d � E hf-0 ( � ] � ln cd k� s g] s � s q d ] s r � n m� d pt ] k�
e n n s hmf� s gd � b n lod s hs hn m� ad s vd d m� r gn q s � q ] mfd � b n q q d k] s d c�
chr n q cd q � ] mc� d kd b s q n m, d kd b s q n m� b n q q d k] s hn mr � g] r � r gd c� r n ld �
khfgs �n m�s gd �n q hfhm�n e �c/ �e d q q n l] fmd s hr l�’ A n t y d q ] q+�O Q K �1 / / 5 ( -�
S gd �chr n q cd q �hr �ct d �s n �s gd �mn m�l] fmd s hb �cd e d b s r . �u ] b ] mb hd r -�
Hs � g] r � ad d m� r gn vm� s g] s � e d q q n l] fmd s hr l� d u d m� ad x n mc� q n n l�

s d lod q ] s t q d �hr �on r r hakd �hm�] �q d r s q hb s d c�q d fhn m�n e �s gd �o] q ] ld s d q �
r o] b d � ’ r s q d mfs g� n e � d kd b s q n m, d kd b s q n m� hms d q ] b s hn m+� chr n q cd q �
] lokhs t cd +�] mc�cd mr hs x �n e �b ] q q hd q r ( -�Hm�s ghr �q d fhn m�s gd �l] fmd s hb �
b n t okhmfr � ] q d � q ] s gd q � d w s d mcd c� ’ad x n mc� s gd � od q b n k] s hn m�
s gq d r gn kc(-� Hs � v] r � ] kr n � r gn vm� s g] s � s gd � e d q q n l] fmd s hr l� hr �
d r r d ms h] kkx � b n ms q n kkd c� ax � s vn � o] q ] ld s d q r 9� ’ 0 ( � s gd � hlot q hs x �
a] mc�on r hs hn m�] mc�’ 1 ( �s gd �cd mr hs x �n e �b ] q q hd q r �od q �cd e d b s -

Ehf-19�Btqhd�sdlodqZstqd�hm�Jdkuhm�Zr�Z�etmbshnm�ne�sgd�bZqqhdq�cdmrhsx�
odq�cdedbs-�Sgd�cdmrhsx�ne�cdedbsr�hr�rds�sn�w;/-/3+�sgd�chrnqcdq�onsdmshZk�
Zlokhstcd�U;/-3�V�’V�hr�sgd�aZmcvhcsg(�Zmc�sgd�dkdbsqnm,dkdbsqnm�
bnqqdkZshnm�oZqZldsdq�T;/-28�V-

� E hft q d � 1 � r gn vr � s gd � Bt q hd � s d lod q ] s t q d � ] r � ] � e t mb s hn m�
n e �gn kd �cd mr hs x �od q �cd e d b s -�S gd �o] q ] ld s d q �U�vghb g�b n ms q n kr �s gd �
chr n q cd q �r s q d mfs g�v] r �b gn r d m�s n �q d oq n ct b d �s gd �on r hs hn m�n e �s gd �
cd e d b s �a] mc� hm� s gd � cd mr hs x � n e � r s ] s d r � n e �GeN1 � ] mc� B] N� hm� s gd �
oq d r d mb d � n e � b ] s hn m� u ] b ] mb hd r � ] r � n as ] hmd c� e q n l� ] a, hmhs hn -�Vd �
n ar d q u d �s g] s �e d q q n l] fmd s hr l�hr �on r r hakd �hm�] �r l] kk�vhmcn v�n e �
s gd �gn kd �b n mb d ms q ] s hn m-�@s �kn v�cd mr hs x +�s gd �l] fmd s hb �b n t okhmfr �
] q d �cn lhm] s d c�ax �s gd �] ms h, e d q q n l] fmd s hb �r t od q d w b g] mfd �] mc�
] s � ghfg� cd mr hs x � s gd x � d w ghahs � ] m� Q J J X � s ] hk-� Hm� an s g� b ] r d r +� s gd �
r x r s d l�hr �l] fmd s hb ] kkx �e q t r s q ] s d c�’ r ohm�fk] r r ( -�Vd �n ar d q u d �s g] s �
an s g�GeN1 �] mc�B] N�] ood ] q �s n �ad �b kn r d �s n �s gd �y n md �an t mc] q x �
n e � s gd � r s ] ahkhs x � q d fhn m� n e � s gd � e d q q n l] fmd s hb �og] r d -�S ghr � b n t kc�
d w ok] hm� s gd � che «�b t ks x � n e � q d oq n ct b hmf� s gd � d w od q hld ms r � hm� s gd �
b ] r d � n e � GeN1 -� E hf-1 � ] kr n � r gn vr � s g] s � s gd � n os hl] k� r hs t ] s hn m�
q d pt hq d r � 2 � gn kd r . � cd e d b s -� E q n l� s ghr +� n md � b n mb kt cd r � s g] s �
@

0 , w
@&

w
N1 �vgd q d �@<Y q+S h� n q �Ge � ] mc�@&<M] +J +Q a� b n t kc�ad �fn n c�

b ] mchc] s d r � e n q � Ghfg� S B� c/ � e d q q n l] fmd s hr l-� E q n l� s gd � ln cd k�
r s t cx +� s gd � ] cchs hn m] k� b n mchs hn m� hr � s g] s � s gd � hmct b d c� hlot q hs x �
a] mc� ad � b kn r d � d mn t fg� s n � s gd � s n o� n e � s gd � u ] kd mb d � a] mc-� S gd �
r ohm, q d r n ku d c�cd mr hs x �n e �r s ] s d r �b n t kc�ad �b ] kb t k] s d c�vhs ghm�] a,
hmhs hn -�S ghr � r s t cx � n od mr � ] �md v�] mc�oq n lhr hmf�o] s g� s n �ghfg�S

B�

b n ms q n kkd c�c/ �e d q q n l] fmd s hr l-�

E t o s g d o �o d Z c hm f �8�
– �~ Ln cd k�e n q �u ] b ] mb x , hmct b d c�c/ �e d q q n l] fmd s hr l�hm�n w hcd �b n lon t mcr •+�Fd n q fd r �
A n t y d q ] q+�] mc�S hln s gx �Y hl] m�O gx r -�Q d u -�K d s s -�8 5 +�1 / 6 5 / 1 �’ 1 / / 5 (
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L] fmd s hb �b n lod s hs hn m�hm�] �k] s s hb d �n e �
ln kd b t k] q �gd khb d r

� Hm�qdbdms�xdZqr+�rstchdr�hm�sgd�“�dkc�ne�lnkdbtkZq�
lZfmdshrl�gZud�addm�lZhmkx�bnmbdqmdc�vhsg�sgd�ptZmstl�
oqnodqshdr�ne�zlnkdbtkZq�lZfmdsr–�+�sxohbZkkx�lZcd�to�ne�Z�
cnydm�Zsnlr-�?s�oqdrdms+�Zssdmshnm�hr�adhmf�fhudm�sn�Z�fqdZsdq�
chudqrhsx�ne�rxrsdlr-�Hm�oZqshbtkZq+�bnlontmcr�oqdrdmshmf�
sgd� qdlZqjZakd� oqnodqshdr� ne� ptZrh,nmd� chldmrhnmZk�
lZfmdshrl�bZm�ad�nasZhmdc�ax�sgd�sdbgmhptdr�ne�nqfZmhb�
bgdlhrsqx-�?lnmfrs�sgd�lnrs�rstchdc�bnlontmcr�Zqd�
bdqsZhm�bghqZk�bgZhm�bnlontmcr�’sgd�bghqZk�bgZqZbsdq�hr�
dwoqdrrdc�Zr�svn�sxodr�ne�bgZhmr+�gZuhmf�qhfgs�gZmcdc�
Zmc�kdes�gZmcdc�mZstqd(-�Sgdrd�bnlontmcr�bnmsZhm�svn�
cheedqdms�lZfmdshb�rodbhdr�,�sqZmrhshnm�ldsZkr�Zmc�nqfZmhb�
eqdd�qZchbZkr�,�ZksdqmZshmf�Zknmf�sgd�kdmfsg�ne�Z�bgZhm-

Ehf-�09��Rsqtbstqd�ne�Z�bgZhm�ne�sgd�bnlontmc�Lm’geZb(1’Q(,
2LKMM

� Vd �g] u d �r s t chd c�] �b n lon t mc�vgd q d �s gd �b g] hmr �
hmb n q on q ] s d �s gd �hn m�l] mf] md r d �] mc�s gd �q ] chb ] k�mhs q n mx k�
mhs q n w hcd -� Hm� s gd � s d lod q ] s t q d � q ] mfd � b n mr hcd q d c+� s gd �
b g] hmr �s gd lr d ku d r �] q d �e d q q hl] fmd s hb -�@s �S =2 �J +�s gd q d �hr �mn �
l] fmd s hb �b n t okhmf�ad s vd d m�b g] hmr -�Hmhs h] k�ld ] r t q d ld ms r �
n e � s gd � l] fmd s hr ] s hn m� r t ffd r s d c� s g] s � ] � e d q q n l] fmd s hb �
b n t okhmf� v] r � d r s ] akhr gd c� ad s vd d m� s gd � b g] hmr � ] s � ] �
s d lod q ] s t q d � n e � 2 � J -� Gn vd u d q+� md t s q n m� che e q ] b s hn m�

d w od q hld ms r � ] s � s gd � K ] t d � K ] mfd u hm� Hmr s hs t s d � f] u d � ] �
che e d q d ms ��b n mb kt r hn m�9��ad kn v�2 �J +�s gd �n q cd q �ad s vd d m�s gd �
b g] hmr �hr �] b s t ] kkx �] ms h, e d q q n l] fmd s hb �hm�y d q n �«�d kc-�@�u d q x �
vd ] j �«�d kc�hr �q d pt hq d c�s n �hmct b d �e d q q n l] fmd s hb �n q cd q hmf-

Ehf-�19�LZfmdshb�nqcdq�hm�ydqn�“�dkc9�sgd�bgZhmr�Zqd�qdoqdrdmsdc�ax�
sgd�ohmj�bxkhmcdqr+�sgd�rohmr�0.1�ne�sgd�qZchbZkr�ax�sgd�aktd�Zqqnvr+�
Zmc�sgd�rohmr�4.1�ne�Lm1)�ax�sgd�lZfdmsZ�Zqqnvr-

� S gd r d �] oo] q d ms kx �b n ms q ] chb s n q x �q d r t ks r �g] u d �ad d m�
hms d q oq d s d c�ax �b n mr hcd q hmf�s gd �b n lod s hs hn m�ad s vd d m�s vn �
s x od r �n e �vd ] j �l] fmd s hb �hms d q ] b s hn m�’ d ] b g�n e �s gd �n q cd q �n e �
] �lhkkhJ d ku hm( -�Nmd �hr �s gd �chon k] q �hms d q ] b s hn m+�q d r on mr hakd �
e n q � s gd � ] ms he d q q n l] fmd s hb � n q cd q hmf� ] s � 2 � J -� � S gd � n s gd q � hr �
s gd � d w b g] mfd � hms d q ] b s hn m+� vgn r d � r hfm� hr � q d u d ] kd c� ax �
e d q q n l] fmd s hb � fi�t b s t ] s hn mr � r d d m� hm� s gd � q d fhld � vgd q d �
s gd � b g] hmr � ] q d � cd b n t okd c� ’ S =2 � J ( -� S gd � d pt hkhaq ht l�
ad s vd d m�s gd �s vn �hms d q ] b s hn mr �hr �b n ms q n kkd c�ax �s gd �r s q n mf�
b n q q d k] s hn mr �vhs ghm� s gd � b g] hmr +� ] r �oq n u d c�ax �an s g� d w ] b s �
b ] kb t k] s hn mr �] mc�ld ] m�«�d kc�ld s gn cr -

E t o s g d o �o d Z c hm f �8�
– �L-�Lhmft d s +�d s �] k-+�@mfd v-�Bgd l-�Hms -�D c-�3 0 +�4 7 5 �’ 1 / / 1 (
– �~ R t as kd � b n lod s hs hn m�ad s vd d m� e d q q n l] fmd s hb � ] mc� ] ms he d q q n l] fmd s hb � n q cd q � hm� ] �
Lm’HH( �e q d d �q ] chb ] k�b g] hm•�D -�K gn s d k+�d s �] k-+�O gx r -�Q d u -�A �6 4 +�0 / 3 3 1 8 �’ 1 / / 6 ( -
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Hm�r d ] q b g�n e �C] q j �L] s s d q �9�s gd �D cd kvd hr r
d w od q hld ms �

� Sgd�lnrs�qdbdms�ldZrtqdldmsr�ne�sgd�cheetrd�
bnrlhb�aZbjfqntmc�Zmc�sgd�udknbhsx�ne�qdbdrrhnm�ne�udqx�
chrsZms�rtodqmnuZd+�hmsdqoqdsdc�hm�sgd�eqZldvnqj�ne�sgd�
rsZmcZqc�bnrlnknfhbZk�lncdk+�okZbd�tr�hm�Z�Tmhudqrd�
cnlhmZsdc�ax�CZqj�LZssdq�’12 (�Zmc�CZqj�Dmdqfx�’6/ (-�
Ehqrs�oqnonrdc�hm�082/+�sgd�mdbdrrhsx�enq�sgd�dwhrsdmbd�ne�
CZqj�LZssdq�hm�sgd�Tmhudqrd�gZr�mns�chlhmhrgdc+�Zmc�sgd�
gxonsgdrhr�sgZs�hs�hr�lZcd�to�lnrskx�ne�vdZjkx�hmsdqZbshud�
lZrrhud�oZqshbkdr�’VHLOr(�gZr�nmkx�addm�qdhmenqbdc�
rhmbd-

� Bn lhmf� e q n l� s gd � b n r ln r � ] mc� b ] o] akd � n e �
s q ] u d q r hmf� k] q fd � s ghb j md r r d r � n e � q n b j +� s ghr � md v� s x od �
n e �o] q s hb kd � b n t kc�ad �cd s d b s ] akd �ax � s gd � t mcd q fq n t mc�
hmr s ] kk] s hn mr � n e � s gd � ~ D cd kvd hr r •� oq n id b s -� S gd hq �
n ar d q u ] s hn m� vn t kc� l] j d � ] � k] q fd � b n ms q hat s hn m� s n �
ln cd kr �s g] s �t mhe x �s gd �e t mc] ld ms ] k�e n q b d r �n e �m] s t q d -
� S gd � D cd kvd hr r � b n mr n q s ht l� b n mr hr s r � n e � r hw �
E q d mb g� k] an q ] s n q hd r +� s vn � Fd q l] m� k] an q ] s n q hd r � ] mc�
n md � Q t r r h] m� k] an q ] s n q x � ’ s gd �BD @. CR L&r �C@O MH@� ] mc�
CQ D B@L+� s gd � BMQ R . HM1 O 2 &r � HO MK � ] mc� BR MR L+� s gd �
BMQ R . LO O T&r � Hmr s hs t s �Mç d k+� s gd �BMQ R . HMR T&r � H@O � ] mc�
H@R +�s gd �E Y �J ] q kr q t gd +�s gd �Tmhu d q r hs x �n e �J ] q kr q t gd +�] mc�
CTA M@. CK MO ( -��Hs �aq hmfr �s n fd s gd q �r od b h] khr s r �e q n l�u d q x �
u ] q hd c�chr b hokhmd r � 9�o] q s hb kd �ogx r hb r +�l] s d q h] kr �ogx r hb r +�
] r s q n ogx r hb r +� b q x n fd mhb r -� S gd r d � s d ] lr � g] u d � ad d m�
vn q j hmf� s n fd s gd q � r hmb d � s gd � d ] q kx � 0 8 8 / r +� cd u d kn ohmf�
] mc� t r hmf� t ks q ] , r d mr hs hu d � cd s d b s n q r � 9� fd q l] mht l�
an kn ld s d q r �n e �r d u d q ] k�gt mcq d c�fq ] lr �l] r r �n od q ] s hmf�
] s �1 / �s gn t r ] mcs gr �n e �] �cd fq d d �J d ku hm-
� S gd �b n mr n q s ht l�cd ln mr s q ] s d c�hs r �d w b d kkd mb d �
] s �s gd �vn q kc�kd u d k�hm�1 / / 1 �ax �n as ] hmhmf�s gd �ghfgd r s �
r d mr hs hu hs x � e n q � VHLO r � cd s d b s hn m� vhs g� s gd � s gq d d �
cd s d b s n q r � n e � s gd � hmr s ] kk] s hn m�~ D cd kvd hr r � H•-� S gn t fg�
VHLO r �vd q d �mn s �cd s d b s d c+�hs �v] r �s gt r �] akd �s n �b n mct b s �
s gd � «�q r s � d w okn q ] s hn m� n e � s gd � o] q ] ld s d q � q ] mfd r �
q d k] s d c� s n � s gd r d �o] q s hb kd r � ] mc� s gd hq � hms d q ] b s hn mr � ] r �
od q lhs s d c�ax �r t od q r x lld s q hb �ln cd kr -�R hmb d +�VHLO r �
o] q s hb kd r �] q d �r n �chr b q d d s �hm�n q cd q �s n �chr b q hlhm] s d �s gd hq �
d w s q d ld kx �q ] q d �r hfm] kr +�1 7 �md v�cd s d b s n q r �] q d �ad hmf�
hmr s ] kkd c� hm� ] � md v+� t ks q ] � kn v� q ] chn ] b s hu hs x � b q x n r s ] s -�
D pt hood c� vhs g� hs r � r ghd kchmf� ] mc� hs r � ] ms h, b n r lhb �
q ] x � oq n s d b s hn m+� s gd � ] oo] q ] s t r � hr � hmr s ] kkd c� ] s � s gd �
Ln c] md �t mcd q fq n t mc�k] an q ] s n q x �n e �s gd �BMQ R �] mc�
BD @-� S n � g] u d � ] u ] hk] akd � s gd � vn q kc&r � ln r s � r d mr hs hu d �
hmr s q t ld ms � e n q �VHLO r �cd s d b s hn m� hm� s gd � x d ] q r � 1 / / 6 ,
1 / 0 0 +� s gd � D cd kvd hr r � s d ] l� vhkk� at hkc� ] mc� hmr s ] kk� 8 / �

] cchs hn m] k�an kn ld s q hb �cd s d b s n q r +�l] j hmf�t o�2 / �j f�n e �
fd q l] mht l�cd s d b s n q �l] s d q h] k-�S gd �md v�~ D cd kvd hr r �
HH•�s n n k�vhkk�g] u d �0 / / �s hld r �ghfgd q �r d mr hs hu hs x �e n q �s gd �
r d ] q b g�e n q �VHLO r �] mc�e n q � s d r s hmf�] �fq d ] s � u ] q hd s x � n e �
ln cd kr �b n lhmf�e q n l�r t od q , r x lld s q x �s gd n q hd r -

�

Ehf-�09�Hm�sgd�LncZmd�tmcdqfqntmc�KZanqZsnqx�’KRL(+�sgd�
Dcdkvdhrr�HH�dwodqhldms�gZr�rtbbdrretkkx�Zbbnlokhrgdc�sgd�“�qrs�
bnnkcnvm�ne�hsr�bqxnrsZs�Zmc�qdbnqcdc�sgd�“�qrs�aZbjfqntmc�
otkrdr�eqnl�hsr�cdsdbsnqr-�Sghr�dwodqhldms�hr�cdchbZsdc�sn�sgd�
rdZqbg�enq�sgd�CZqj�LZssdq�ne�ntq�fZkZwhdr-
�

� Hm� s gd � Ln c] md � t mcd q fq n t mc� k] an q ] s n q x �
r hs t ] s d c� ] s � s gd � g] kev] x � on hms � n e � s gd � E q ç it r � q n ] c�
s t mmd k+� D cd kvd hr r &r � t ks q ] , r d mr hs hu d � cd s d b s n q r � ] q d �
oq n s d b s d c� e q n l� b n r lhb � q ] x r � ax � 0 6 / / � ld s q d r � n e � q n b j -�
S gd � hmr s ] kk] s hn m� hr � t mhpt d � hm� s gd � vn q kc� ax � s gd � r hy d �
n e � s gd � b q x n r s ] s � ’ 0 / / � khs q d r ( +� b ] o] akd � n e � b n n khmf� s ghq s x �
j hkn fq ] lr �n e �fd q l] mht l�cd s d b s n q r � s n � ] � s d lod q ] s t q d �
b kn r d � s n � ] ar n kt s d � y d q n -� E n q � s gd � E q d mb g+� Fd q l] m� ] mc�
Q t r r h] m�s d ] lr +�hs �b n mr s hs t s d r �] �cd b hr hu d �s n n k�hm�s gd �q ] b d �
s n �«�mc�VHLO r -�
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– � S gd � D cd kvd hr r � HH� d w od q hld ms � 9� gs s o9. . d cd kvd hr r -hm1 o2 -e q . ot a. «�b ghd q r . cd l] q ,
q ] fd , d cv1 . hmcd w , b n l-gs lk
–�~ E hm] k�q d r t ks r �n e �s gd �D CD K VD HR R , H�c] q j �l] s s d q �r d ] q b g�vhs g�b q x n fd mhb �gd ] s �] mc�
hn mhy ] s hn m�Fd �cd s d b s n q r •+��U-�R ] mfk] q c�d s �] k-+�O gx r -�Q d u -�C�6 0 +�0 1 1 / / 1 �’ 1 / / 4 ( -
– �~ R d mr hs hu hs x �n e �s gd �D CD K VD HR R �VHLO �r d ] q b g�s n �r ohm,cd od mcd ms �hms d q ] b s hn mr •+�
@-�A d mn hs �d s �] k-�O gx r -�K d s s -�A �5 0 5 �’ 1 / / 4 ( -

B n m s Z b s 8�@kZ hm �A d m n ès
] k] hm-ad mn hs ?fq d mn akd -b mq r -e q
S d k�)2 2 �3 6 5 7 7 8 / 6 1
�

, 5 ,



� Anrd,Dhmrsdhm�bnmcdmrZsdr�Zqd�Zklnrs�lxsghbZk�na,
idbsr�ne�PtZmstl�LdbgZmhbr-�OZqshbkdr�hm�sghr�odbtkhZq�rsZsd�ne��
lZssdq�knrd�sgdhq�hmchuhctZk�hcdmshshdr+�bnZkdrbhmf�hmsn�Z�rhmfkd�
ptZmstl�rsZsd�Zmc�chrokZxhmf�lZbqnrbnohb�bngdqdmbd�deedbsr-�
Sgd�hmfqdchdmsr�qdpthqdc�sn�tmcdqfn�bnmcdmrZshnm�Zqd�svn,
enkc-�Ehqrs+�oZqshbkdr�rgntkc�ad�anrnmr�’oZqshbkdr�vhsg�hmsdfdq�
rohmr�nadxhmf�sgd�Anrd�rsZshrshbr(-�Mdws+�sgdhq�sgdqlZk�cd�Aqnfkhd�
vZudkdmfsg�rgntkc�dwbddc�sgd�ZudqZfd�hmsdq,oZqshbkd�chrsZmbd+�
vghbg�bntkc�ad�Zbghdudc�ax�hmbqdZrhmf�sgd�oZqshbkd�cdmrhsx�
Zmc.nq�knvdqhmf�sgdhq�sdlodqZstqd-
�
� �Bn mr hcd q � ] �f] r � n e �an r n mr � n e �l] r r �l+�s gd q l] khy d c�] s �
s d lod q ] s t q d � S -� R hmb d � s gd hq � ] u d q ] fd � Cd � A q n fkhd � v] u d kd mfs g�
r b ] kd r � ] r � s gd � hmu d q r d � r pt ] q d � q n n s � n e � l� ] mc�S +� s gd � b q hs d q hn m�
e n q �A n r d , D hmr s d hm�b n mcd mr ] s hn m�’ A D B( �hr �ln r s �d ] r hkx �r ] s hr «�d c�
vhs g� o] q s hb kd r � n e � r l] kk� l] r r -� S ghr � hr � vgx � d w b hs n mr � hm� r d lh,
b n mct b s n q r �g] u d �ad d m�oq n on r d c�e n q �A D B�r hmb d �s gd �d ] q kx �5 / &r -�
D w b hs n mr � ] q d �pt ] r h,o] q s hb kd r �vghb g� b ] m�ad � b q d ] s d c�ax � n os h,
b ] k� d w b hs ] s hn m� n e � d kd b s q n mr � e q n l� s gd � u ] kd mb d �a] mc� hms n � s gd �
b n mct b s hn m�a] mc+�kd ] u hmf�ad ghmc�t mn b b t ohd c�r s ] s d r �hm�s gd �
u ] kd mb d �a] mc�n q �d kd b s q n m�~ gn kd r •-�Gn kd r �ad g] u d �] r �on r hs hu d kx �
b g] q fd c� o] q s hb kd r +� ] mc� s gt r � b ] m� ad � an t mc� s n � d kd b s q n mr � ax �
Bn t kn la� hms d q ] b s hn m+� e n q lhmf� on r hs q n mht l, khj d � o] q s hb kd r �
b ] kkd c� d w b hs n mr -� @ks gn t fg� d kd b s q n mr � ] mc� gn kd r � ] q d � e d q lh,
n mr +� d w b hs n mr � ] q d � ’ b n lon r hs d ( �an r n mr -�Ln q d n u d q � s gd hq � khfgs �
l] r r +�n e �s gd �n q cd q �n e �s gd �d kd b s q n m�l] r r +�r gn t kc�od q lhs �A D B�
] s �s d lod q ] s t q d r �n e �] �e d v�J d ku hm-�Gn vd u d q+�hm�r ohs d �n e �hms d mr d �
q d r d ] q b g�d e e n q s r �n u d q �s gd �o] r s �s gq d d �cd b ] cd r +�mn �b n mu hmb hmf�
d u hcd mb d �n e �d w b hs n m�b n mcd mr ] s hn m�g] r �d u d q �ad d m�«�q lkx �d r ,
s ] akhr gd c-
� Hm� e ] b s +� A D B�v] r �cd ln mr s q ] s d c� e n q � s gd � «�q r s � s hld � hm� ] �
chkt s d �f] r �n e �q t ahcht l�] s n lr �hm�0 8 8 4 -�A d b ] t r d �n e �s gd �gd ] u x �
] s n l� l] r r � ’ ] an t s � «�u d � n q cd q r � n e � l] fmhs t cd � k] q fd q � s g] m�
s gd � d kd b s q n m�l] r r ( +� r n oghr s hb ] s d c�b n n khmf�s d b gmhpt d r �vd q d �
md d cd c�s n � kn vd q �s gd �] s n lhb �f] r � s d lod q ] s t q d �cn vm�s n � s gd �
lhb q n , J d ku hm�q ] mfd �s n �] b ghd u d �b n mcd mr ] s hn m�’Mn ad k�oq hy d �hm�
1 / / 0 ( -�
� Hm� s ghr � vn q j +� vd � r gn v� s g] s � A D B� b ] m� ad � ] b ghd u d c� ] s �
] q n t mc�1 / �J �’ , 1 4 2 ± B( �ax �t r hmf�lhb q n b ] u hs x �on k] q hs n mr -�S gd r d �
pt ] r h,o] q s hb kd r � q d r t ks � e q n l�s gd � r s q n mf�hms d q ] b s hn m�ad s vd d m�
d w b hs n mr �b n m«�md c�hm�pt ] ms t l�vd kkr �] mc�ogn s n mr �b n m«�md c�
hm� s gd � lhb q n b ] u hs x � d lad cchmf� s gd � pt ] ms t l� vd kk� ’ E hft q d �
0 ( -�Ct d � s n � s gd hq � 4 / !�ogn s n m�m] s t q d +�on k] q hs n mr �g] u d � ] m� t k,
s q ] � khfgs �l] r r +� n md �ahkkhn m�s hld r �r l] kkd q � s g] m�s gd �q t ahcht l�
] s n l�l] r r +�s gt r �e ] u n t q hmf�A D B�] s �ghfg�s d lod q ] s t q d -�E hft q d �
1 �r gn vr �s gd �chr s q hat s hn m�n e �on k] q hs n mr �hm�ln ld ms t l�r o] b d �
’ j

w
+� j

x
( � ’ t ood q � o] md kr ( � ] mc� hm� d md q fx ,ln ld ms t l� r o] b d � ’ D +�

j
w +x

( �’ kn vd q �o] md kr ( +�e n q �s gq d d �n os hb ] k�d w b hs ] s hn m�on vd q r �/ -4 4 +�
0 +�] mc�0 -0 3 �O

s gq
+�vgd q d �O

s gq
�hr �s gd �s gq d r gn kc�on vd q �e n q �b n mcd m,

r ] s hn m-�E n q �d w b hs ] s hn m�] an u d �O
s gq+

��n md �b kd ] q kx �r d d r �] �b n mcd m,

r ] s hn m�hms n �s gd �fq n t mc�r s ] s d +�n t s �n e �] �on k] q hs n m�on ot k] s hn m�
hm�s gd q l] k�d pt hkhaq ht l�] s �] q n t mc�1 / �J -�@�r hlhk] q �og] r d �s q ] m,
r hs hn m�b ] m�] kr n �ad �n as ] hmd c�ax �j d d ohmf�s gd �d w b hs ] s hn m�on vd q �
b n mr s ] ms �] mc�kn vd q hmf�s gd �s d lod q ] s t q d -�S gd r d �«�mchmfr �] q d �
oq n lhr hmf� e n q � cd u d kn old ms � n e � s gd � r n , b ] kkd c�~ on k] q hs n m� k] ,
r d q •�] mc�A n r d �b n mcd mr ] s hn m�] s �d kd u ] s d c�s d lod q ] s t q d r �vhs g�
vhcd q �a] mcf] o�r d lhb n mct b s n q r �r t b g�] r �Y mN�n q �F] M-

Ehf-�09�LhbqnbZuhsx�chZfqZl-�?�lhbqnbZuhsx�hr�Z�okZmZq�EZaqxflOdqns�
qdrnmZsnq�vhsg�svn�AqZff�lhqqnqr�Zs�qdrnmZmbd�vhsg�dwbhsnmr�hm�
ptZmstl�vdkkr�’PV(-

Ehf-�19�?oodZqdmbd�ne�Z�Anrd�bnmcdmrZsd�ne�onkZqhsnmr�hm�lnldmstl�
roZbd�adxnmc�sgd�bqhshbZk�cdmrhsx�ne�onkZqhsnmr-�Sghr�cdmrhsx�hr�qdZbgdc�
Zanud�Z�bqhshbZk�dwbhsZshnm�onvdq�’Osgq(�enq�sgd�ognsn,bqdZshnm�ne�dkdbsqnm,
gnkd�oZhqr-

���M,MNA n r d , D hmr s d hm�Bn mcd mr ] s hn m�hm�] �r n khc�
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“�z A n r d , D hmr s d hm�b n mcd mr ] s hn m�n e �d w b hs n m�on k] q hs n mr •+�I -�J ] r oq y ] j +�L-�Q hb g] q c+�
R -�J t mcd q l] mm+�@-�A ] ] r +�O -�I d ] laq t m+�I -�L-�I -�J d d khmf+�E -�L-�L] q b gd s s h+�L-�G-�R y x l] r j ] +�
Q -�@mcq ç +�I -�K -�R s ] d gkh+�U-�R ] u n m] +�O -�A -�K hs s kd vn n c+�A -�Cd u d ] t c+�K d �R h�C] mf+�M] s t q d +�3 3 2 �
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���M,MN@�r t od q b n mct b s hmf�hms d q e d q n ld s d q �t r hmf�b ] q an m�
m] mn s t ad r �9�s n v] q cr �cd s d b s hn m�n e �] �r hmfkd �r ohm

� ?�rtodqbnmctbshmf�ptZmstl�hmsdqedqnldsdq�RPTHC�
bnmrhrsr�ne�Z�rtodqbnmctbshmf�knno�hmsdqqtosdc�Zs�svn�che,
edqdms�okZbdr�ax�svn�zInrdogrnm�itmbshnmr–-�Sgdrd�hmsdqedq,
nldsdqr�Zqd�trdc�sn�ldZrtqd�udqx�vdZj�lZfmdshb�“�dkcr�
nq�btqqdmsr-�Hm�sgd�oqdrdms�cduhbd+�sgd�itmbshnmr�Zqd�bZqanm�
mZmnstadr-�Sgdx�Zqd�rn�rlZkk�sgZs�sgd�bgZqfd�hmctbdc�ax�
Z�mdZqax�fqhc�bgZmfdr�sgdhq�dmdqfx�ZooqdbhZakx-�Sgtr+�sgd�
hmsdqedqnldsdq�bZm�ad�Zcitrsdc�ax�svn�fqhcr+�vghbg�bgZmfd�
sgd�dmdqfhdr�ne�sgd�svn�itmbshnmr�itrs�Zr�sgd�lZfmdshb�
hmctbshnm�sgqntfg�sgd�knno�cndr-�Sghr�fhudr�sgd�hmsdqedq,
nldsdq�dwbdoshnmZk�oqnodqshdr+�qdudZkdc�hm�sghr�vnqj-�Sgd�
cduhbd�hr�rn�rdmrhshud�sgZs�cdsdbshnm�ne�sgd�rohm�ne�Z�rhmfkd�
lnkdbtkd�lZx�ad�onrrhakd-

� Hm�] �r t od q b n mct b s hmf�kn n o+�] �od q l] md ms �b t q q d ms �
fi�n vr � r t b g� s g] s � s gd � l] fmd s hb � fi�t w � s gq d ] cd c� s gq n t fg�
s gd �kn n o�’! <�b t q q d ms �w �r t q e ] b d ( �hr �] �lt ks hokd �n e �s gd �fi�t w �
pt ] ms t l�!/ <g. 1 d -�Vgd m�s gd �kn n o�hr �hms d q q t os d c�ax �s vn �
it mb s hn mr +� ] � b n mr s q t b s hu d � hms d q e d q d mb d � n b b t q r � ad s vd d m�
s gd � s vn � ] q lr � n e � s gd � hms d q e d q n ld s d q+� r t b g� s g] s � s gd � s n s ] k�
b t q q d ms � b q n r r hmf� s gd � cd u hb d � q d ] b gd r � ] � l] w hlt l� u ] kt d �
oq n on q s hn m] k� s n � b n r $%!&!'()� Ld ] r t q hmf� s ghr � b t q q d ms �
fhu d r �s gd �u ] kt d �n e �s gd �fi�t w �! vhs g�u d q x �ghfg�oq d b hr hn m-

�
� Hm� s gd � hms d q e d q n ld s d q � r gn vm� hm� s gd � d kd b s q n m�
lhb q n fq ] og� hl] fd +� s gd � it mb s hn mr � ] q d � r hmfkd � v] kk� m] mn ,
s t ad r �’ R VMS ( �vgn r d �ch] ld s d q �hr �kd r r �s g] m�] �m] mn ld s d q -�
Fhu d m� s ghr � u d q x � r l] kk� r hy d +� s gd � d md q fx � n e � s gd � b hq b t hs �cd ,
od mcr �mn s �n mkx �n m�s gd �fi�t w �hmr d q s d c�hm�s gd �kn n o�’ e n q ld c�

ax �s gd �r t od q b n mct b s n q �] mc�s gd �m] mn s t ad r ( �at s �] kr n �n m�
s gd � b g] q fd � n m� d ] b g�m] mn s t ad -�S gd � b g] q fd r � b ] m�ad � ] c,
it r s d c�ax �s gd �fq hcr �’F0 �] mc�F1 ( �r t b g�s g] s �s gd q d �hr �d hs gd q �
] m� d u d m� n q � n cc�mt lad q � n e � d kd b s q n mr � n m� d ] b g� it mb s hn m-�
E n q �] m�d u d m�mt lad q �n e �d kd b s q n mr +�s gd �cd u hb d �ad g] u d r �] r �
] m�~ t ks q ] , r d mr hs hu d •�hms d q e d q n ld s d q -�E n q �] m�n cc�mt lad q �n e �
d kd b s q n mr +�s gd �m] mn s t ad �it mb s hn mr �b g] mfd �s gd �d kd b s q n m,
hb �og] r d �ax �%-�Vgd q d �cn d r � s ghr �og] r d � r ghe s � b n ld �e q n l> �
Vgd m� s gd � s vn � d kd b s q n mr � n e � ] � Bn n od q � o] hq � s q ] u d q r d � ] �
~pt ] ms t l�an w •�b n ms ] hmhmf�] �r hmfkd �r ohm+�s gd �r ohm�n e �d ] b g�
d kd b s q n m� lt r s � ad � fi�hood c� s n � s q ] mr hs � ax � s gd � r hmfkd � r ohm�
r s ] s d �] u ] hk] akd -�S ghr �r ohm�q d u d q r ] k�b n q q d r on mcr �s n �b g] mf,
hmf�s gd �r hfm�n e �s gd �v] u d e t mb s hn m+�r n �] m�d w s q ] �og] r d �n e �%�
hr �] b pt hq d c�hm�s ghr �v] x -�

�
�

� Hs � hr � s gd � u d q x � r l] kk� ch] ld s d q � n e � s gd � m] mn s t ad �
it mb s hn mr � s g] s �l] j d r � s ghr �cd u hb d � t r d e t k� 9� he � n md �fq ] e s r � ] �
ln kd b t kd � b ] q q x hmf� ] � r ohm� n ms n � s gd � m] mn s t ad +� r n ld � n e �
s gd � l] fmd s hb � «�d kc� khmd r � hmct b d c� ax � s gd � ln kd b t kd � vhkk�
ad � s gq d ] cd c� ax � s gd � m] mn s t ad +� b g] mfhmf� s gd � s n s ] k� fi�t w �
s gq n t fg� s gd � hms d q e d q n ld s d q � kn n o-� Fhu d m� s gd � u d q x � ghfg�
r d mr hs hu hs x � n e � s gd � cd u hb d +� hs � ] ood ] q r � on r r hakd � s n � cd s d b s �
s gd �r ohm�n e �] �r hmfkd �ln kd b t kd -�S ghr �vn t kc�g] u d �l] mx �] o,
okhb ] s hn mr �hm�s gd �«�d kc�n e �ln kd b t k] q �l] fmd s hr l-�@kr n +�ax �
e t mb s hn m] khr hmf�s gd �m] mn s t ad �ad e n q d g] mc+�r od b h«�b �ln k,
d b t kd r � ’on kkt s ] ms r +� d s b »(� b n t kc� ad � cd s d b s d c-� S ghr � md v��
hms d q e d q n ld s d q � hr � s gt r � ] �on vd q e t k� s n n k� e n q � s gd � r s t cx � n e �
m] mn o] q s hb kd r -�
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���M,MN����Vgd m�r hkhb n m�s t q mr �hms n �] �r t od q b n mct b s n q

� Rhkhbnm�hr�zsgd–�rdlhbnmctbsnq�ne�qdedqdmbd�Zmc�gZr�
oqnuhcdc�sgd�lZhm�aZrd�lZsdqhZk�enq�rnkhc�rsZsd�dkdbsqnmhbr�
Zmc�lhbqndkdbsqnmhbr�enq�lZmx�xdZqr-�Hm�uhdv�ne�sgd�gtfd�
Zlntms�ne�qdrdZqbg�sgZs�gZr�addm�cdunsdc�sn�rhkhbnm�nudq�
sgd�kZrs�4/�xdZqr+�vgZs�bntkc�onrrhakx�ad�mdvr�Zants�sghr�
lZsdqhZk%r�oqnodqshdr=�Hs�stqmr�nts�sgZs+�oqnbdrrdc�hm�sgd�
qhfgs�vZx+�rhkhbnm�adbnldr�Z�rtodqbnmctbsnq-�?bstZkkx+�enq�
sghr�sn�gZoodm+�rhkhbnm�ltrs�ad�zntsqZfdntrkx–�cnodc�vhsg�
anqnm+�Zmc�sgdm�bnnkdc�cnvm�sn�Z�sdlodqZstqd�pthsd�bknrd�
sn�Zarnktsd�ydqn�’/-2�J�;�,162½B(-�Tmcdq�rtbg�bnmchshnmr+�
sgd�ZqbgdsxoZk�rdlhbnmctbsnq�lZx�adbnld�Z�rtodqbnm,
ctbsnq�Zs�Zlahdms�oqdrrtqd-�

� Hs �hr �r n ld s ghmf�n e �] �o] q ] cn w �s g] s �s gd �u d q x �r ] ld �
b g] q ] b s d q hr s hb � s g] s �l] j d r � r hkhb n m� r n �vd kk� r t hs d c� s n � d kd b ,
s q n mhb r �g] r � r n � e ] q �oq d u d ms d c� t r �l] j hmf� hs � hms n � ] � r t od q ,
b n mct b s n q � 9� hs � ] kkn vr � n mkx � u d q x � r l] kk� ] ln t ms r � n e � n s gd q �
d kd ld ms r �s n �ad �hmb n q on q ] s d c�hms n �hs r �b q x r s ] k�k] s s hb d -�S ghr �
hr �s gd �q d ] r n m�vgx �ghfg�ot q hs x �r hkhb n m�b ] m�ad �l] cd �q d k] ,
s hu d kx � d ] r hkx -� R t b g� ] � ot q d �~ hms q hmr hb •� r d lhb n mct b s n q � g] r �
u d q x �e d v�e q d d �d kd b s q n mr �s g] s �b n t kc�b ] q q x �] m�d kd b s q hb ] k�b t q ,
q d ms �] mc�ad g] u d r �s gd q d e n q d �] r �] m�hmr t k] s n q -�S ghr �e d ] s t q d �
b g] mfd r � ] r � r n n m�] r � n md � hms q n ct b d r � hms n � s gd � b q x r s ] k� k] s ,
s hb d �] �b n ms q n kkd c�] ln t ms �n e �r od b h«�b �b gd lhb ] k�hlot q hs hd r �
vghb g�g] u d �n md �ln q d �’ogn r ogn q t r ( �n q �n md �kd r r �’an q n m( �
d kd b s q n m� s g] m� r hkhb n m-� S ghr � oq n b d r r +� b ] kkd c� cn ohmf+� g] r �
l] s t q d c� hms n � ] m� ] q s �vgd q d �on r hs hn mhmf�n e �cn o] ms r � ] mc�
b g] q fd �b ] q q hd q r �hm�] �vd kk,cd r hfmd c�cd u hb d �hr �s gd �a] r hr �n e �
ln r s �n e �s gd �oq n ct b s r �s g] s �s gd �lhb q n d kd b s q n mhb r �hmct r s q x �
k] t mb gd r �hm�s gd �l] q j d s �d u d q x �c] x -�
� Hs �hr �vd kk�j mn vm�s g] s �vgd m�s gd �b n mb d ms q ] s hn m�n e �
cn o] ms r �ad b n ld r �ghfg� d mn t fg+� s gd � n q ahs ] kr � n e � s gd � ] c,
chs hn m] k�d kd b s q n mr �r t q q n t mchmf�s gd �hlot q hs x �] s n lr �r s ] q s �
s n �n u d q k] o-�S gd �d kd b s q n mr �] q d �s gd m�ln ahkd �n u d q �s gd �vgn kd �
b q x r s ] k+�vghb g�ad b n ld r �] �ld s ] k-�S ghr �ld s ] kkhb �b n mct b s hu ,
hs x �od q r hr s r �cn vm�s n �kn v�s d lod q ] s t q d r �] mc�hr �l] hmkx �khl,
hs d c�ax �s gd �mt lad q �n e �] u ] hk] akd �b ] q q hd q r +�h-d -�s gd �cn o] ms �
b n mb d ms q ] s hn m+� vghb g� lt r s � q d l] hm� kn vd q � s g] m� s gd � r n k,
t ahkhs x � khlhs � n e � s ghr � d kd ld ms � hm� s gd � b q x r s ] k� ’ s x ohb ] kkx � 0 !�
en q �an q n m�hm�r hkhb n m( -�@�md v�] ooq n ] b g+�che e d q d ms �e q n l�s gd �
t r t ] k� b q x r s ] k�fq n vs g� r s q ] s d fhd r +� hr � s gt r �md b d r r ] q x � hm� n q ,
cd q �s n �n as ] hm�] �r t od q b n mct b s hmf�] kkn x +�vgd q d �4 �s n �0 / �] s -�
!�n e �r hkhb n m�] s n lr �vn t kc�ad �q d ok] b d c�ax �an q n m�9�s gd �s q hb j �
hr � s n � t r d � s gd � ot kr d c� k] r d q , ] r r hr s d c� kn b ] khy d c� ld ks hmf� n e �
s gd �r t q e ] b d �q d fhn m�n e �] �r hkhb n m�v] ed q �ct q hmf�] �r gn q s �s hld �
hms d q u ] k��hm�s gd �oq d r d mb d �n e �] �an q n m, b n ms ] hmhmf�f] r -�Nt q �
b n kkd ] ft d r �] s �s gd �Hmr s hs t s �c&D kd b s q n mhpt d �E n mc] ld ms ] kd �
g] u d � s gt r � t r d c� 1 / / � k] r d q � ot kr d r � n e � 1 4 � mr � s n � r t od q e ] b d �

ld ks �r hkhb n m��Z r d d �ohb s t q d [ +�hm�n q cd q �s n �] b b t lt k] s d �r d u d q ] k�
] s -�!�n e �an q n m�] s n lr -�S gd r d �vd q d �s q ] ood c�n m�b q x r s ] kkhmd �
an mchmf� r hs d r �ct q hmf� s gd �pt d mb g+� ] mc� x hd kcd c� ] � r hmfkd �
b q x r s ] k� r hkhb n m� k] x d q �vhs g� ] m� t moq d b d cd ms d c� b n mb d ms q ] ,
s hn m�n e �e q d d �b ] q q hd q r -��S ghr �b q x r s ] k�ad b ] ld �] �r t od q b n mct b ,
s n q � ] s � kn v�s d lod q ] s t q d r -�@a�hmhs hn � b ] kb t k] s hn mr �l] cd � ] s �
s gd �K O LBM�hm�K x n m+�vghb g�g] u d �ad d m�u ] khc] s d c�ax �q n n l�
s d lod q ] s t q d �d w od q hld ms r �] s �s gd �Hmr s hs t s �Mç d k+�r gn v�s g] s �
s gd � q d r t ks r � ] q d � b n lo] s hakd �vhs g� ] �~ b n mu d ms hn m] k•� n q hfhm�
e n q �s ghr �r t od q b n mct b s hu hs x -
� Hs �hr �e ] q �s n n �d ] q kx �s n �d w od b s �s g] s �n md �c] x �r t od q b n m,
ct b s hmf�r hkhb n m�l] x �ad �hms d fq ] s d c�hm�d kd b s q n mhb �cd u hb d r �
e n q �s gd �fd md q ] k�ot akhb -�Md u d q s gd kd r r +�he �hs �vd q d �s n �ad b n ld �
on r r hakd +�hs �vn t kc�ad �r n ld s ghmf�n e �] �q d u n kt s hn m-
��

Ohbstqd�9��?citrshmf�sgd�noshbZk�oZsg�ne�sgd�kZrdq�adZl�hmsn�
sgd�fZr�hlldqrhnm�qdZbsnq�Zs�sgd�Hmrshsts�c%Dkdbsqnmhptd�
EnmcZldmsZkd+�NqrZx
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���M,MNFq ] ogd md 9�] �md v�l] s d q h] k�e n q �m] mn d kd b s q n mhb r �

� Hm�rnld�lZsdqhZkr�rxrsdlr+�sdqldc�z1,chldmrhnmZk–+�
sgd�dkdbsqnmr�lnud�hm�Z�okZmd-�Sgd�adrs�jmnvm�dwZlokdr�
Zqd�sgd�FZkkhtl�?qrdmhcd�gdsdqnitmbshnmr�trdc�hm�lnahkd�
ognmdr�Zmc�noshbZk�bnlltmhbZshnmr-�Sgdqd+�sgd�dkdbsqnmr�
Zqd�bnm“�mdc�Zs�sgd�hmsdqeZbd�adsvddm�svn�lZsdqhZkr9�?k,
FZ?r�Zmc�FZ?r-�FqZogdmd�hr�Z�mdv�1,chldmrhnmZk�lZsd,
qhZk-�Hs�bnmrhrsr�ne�Z�rhmfkd�rgdds�ne�fqZoghsd+�sgd�lnrs�bnl,
lnm�enql�ne�bZqanm-�Hm�fqZogdmd+�sgd�bZqanm�Zsnlr�enql�
Z�gdwZfnmZk�kZsshbd�’rdd�Ehftqd�0(+�Zmc�sgd�bnmctbshnm�dkdb,
sqnmr�nbbtox�sgd %�nqahsZkr�Zmc�lnud�eqddkx�nudq�sgd�dmshqd�
rgdds-

� He � 1 ,chld mr hn m] k�l] s d q h] kr � d w hr s � ] kq d ] cx +�vgx �ad �
hms d q d r s d c� hm� fq ] ogd md > � S gd � ] mr vd q � khd r � hm� hs r � t mhpt d �
d kd b s q n mhb � oq n od q s hd r -� S gd � d kd b s q n mr � g] u d � q d k] s hu hr s hb �
cx m] lhb r �9� s gd x �ln u d �vhs g�] �u d kn b hs x � n e � 0 / 5 �l�od q �r d b +�
vg] s d u d q �s gd hq �d md q fx :�s ghr �hr �s gd �u d kn b hs x �n e �khfgs �hm�s gd �
l] s d q h] k-�Ln q d n u d q+�s gd �b g] q fd r �o] q s hb ho] s hmf�hm�d kd b s q hb ] k�
b n mct b s hn m�] q d �d hs gd q �md f] s hu d �’ d kd b s q n mr �vhs g�on r hs hu d �
d md q fx ( � n q � on r hs hu d � ’gn kd r � vhs g� md f] s hu d � d md q fx ( -� S gt r +�
vg] s d u d q � s gd � d md q fx +� b g] q fd � b ] q q hd q r � ] q d � ] u ] hk] akd -� S gd �
b ] q q hd q r �ln u d �e q d d kx �hm�s gd �ok] md 9�s gd hq �ln s hn m�hr �s d q ld c�
~ a] kkhr s hb •�ad b ] t r d �hs �hr �khlhs d c�n mkx �ax �s gd �~ d cfd r •�n e �s gd �
l] s d q h] k-� E hm] kkx +� d kd b s q n mr � hm�fq ] ogd md �on r r d r r +� ] r �vd kk�
] r � s gd hq � r ohm+� ] � r t ookd ld ms ] q x �~ b n kn t q •-�Vhs g�oq n od q s hd r �
r n �che e d q d ms �e q n l�t r t ] k� r d lhb n mct b s n q r +� n md �b ] m�hl] f,
hmd � ] m� ] kk,fq ] ogd md � d kd b s q n mhb r � a] r d c� n m� b n lon md ms r �
oq n u hchmf�d ms hq d kx �md v�e t mb s hn mr -
� R d u d q ] k� ld s gn cr � g] u d � ad d m� oq n on r d c� e n q � oq n ,
ct b hmf�ok] md r �n e �fq ] ogd md -�S gd �ln r s �b n lln m�ld s gn c�
hr � s n � od d k� hmchu hct ] k� k] x d q r � n e e � ] � ohd b d � n e � fq ] oghs d � ] mc�
s n � s q ] mr e d q � s gd l� s n � ] �fk] r r �ok] s d -�Cd r ohs d � hs r �~ kn v� s d b g•�
m] s t q d +� s ghr � ld s gn c� g] r � ] kkn vd c� q d r d ] q b gd q r � s n � cd l,
n mr s q ] s d �s gd �Pt ] ms t l�G] kk�D e e d b s �’ e n q �an s g�on r hs hu d �] mc�
md f] s hu d � b g] q fd r ( � ] mc� s n � b n m«�q l� s gd � s q ] mr on q s � oq n o,
d q s hd r � d w od b s d c� hm� s ghr � u d q x � r od b h] k� l] s d q h] k-� @mn s gd q �
ld s gn c�g] r �ad d m�cd u d kn od c�ax �V] ks d q �cd �Gd d q &r �fq n t o�
] s �Fd n q fh] �S d b g-�S gd �r t q e ] b d �n e �] �r hkhb n m�b ] q ahcd �b q x r s ] k�hr �
cd b n lon r d c�] s �ghfg�s d lod q ] s t q d �] mc�s gd �r t q e ] b d �s gd m�
~ q d b n mr s q t b s r •� ] r � n md � n q �ln q d �ok] md r � n e �fq ] ogd md -�S ghr �
l] s d q h] k�hr �d ] r x �s n �d s b g�] mc�b ] m�ad �e n q ld c�hms n �che e d q d ms �
r g] od r �’ q haan mr +�d s b --( -

Ehf-�0�?�fqZogdmd�okZmd�vhsg�hsr�bZqanm�Zsnlr�ZqqZmfdc�hm�
Z�gnmdxbnla�rstbstqd-�He�sgd�lZsdqhZk�hr�enqldc�hmsn�Z�qha,
anm�rgZod�vhsg�bkdZm�yhf,yZf�dcfdr�Zr�rgnvm+�hcdZk�bnm,
ctbsZmbd�hr�nasZhmdc�hm�sgd�chqdbshnm�ne�sgd�qdc�Zqqnvr-

� L] fmd s n , s q ] mr on q s � d w od q hld ms r � b ] q q hd c� n t s � hm�
b n kk] an q ] s hn m�vhs g�Fd n q fh] �S d b g�g] u d � r gn vm�s g] s � s gd hq �
r x ms gd r hr �oq n b d ct q d �fhu d r �ghfgd q �od q e n q l] mb d �l] s d q h] k�
r gn vhmf�ln r s �n e �s gd �b g] q ] b s d q hr s hb �oq n od q s hd r �d w od b s d c�
e n q �fq ] ogd md -�@�l] in q �b g] kkd mfd �mn v�hr �s n �cd ln mr s q ] s d �
s gd � s d b gmn kn fhb ] k� on s d ms h] k� n e � s ghr � l] s d q h] k+� d r od b h] kkx �
fhu d m�hs r �b n lo] s hahkhs x �vhs g�r hkhb n m+�s gd �oq d r d ms �a] r d �l] ,
s d q h] k�n e �s gd �d kd b s q n mhb r �hmct r s q x -

�
�
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���M,MNPt ] ms t l�gd ] s �b n mct b s hn m

� Hm�Z�qdbdms�dwodqhldms+�LZssghZr�Ldrbgjd+�Vhdajd�
FthbgZqc�Zmc�ItjjZ�OdjnkZ�rstchdc�sgd�gdZs�dwbgZmfd�ad,
svddm�svn�udqx�rlZkk�ohdbdr�ne�ldsZk+�bnmmdbsdc�snfdsgdq�
nmkx�ax�rtodqbnmctbshmf�vhqdr-�Sgd�qdrtksr�rgnvdc�sgZs+�Zs�
udqx�knv�sdlodqZstqd�vgdm�ognmnm�Zmc�nsgdq�oqnbdrrdr�
Zqd�eqnydm�nts+�gdZs�sqZmredqr�ax�dkdbsqnlZfmdshb�qZchZshnm-�
Sghr�vnqj�dktbhcZsdr�sgd�gdZs�sqZmredq�oqnbdrrdr+�Zs�sdlodq,
Zstqd�nmkx�/-0�cdfqddr�Zanud�Zarnktsd�ydqn+�enq�bhqbthsr�gZu,
hmf�mZmnldsqd�nq�lhbqnm�rhydr�okZbdc�nm�Z�rhlokd�rhkhbnm�
bgho-

� Tms hk�mn v+�d w od q s r �] fq d d c�s g] s �r t od q b n mct b s n q r �
] q d �hcd ] k�hmr t k] s n q r �vhs g�q d r od b s �s n �gd ] s �s q ] mr on q s -�S gd r d �
md v�d w od q hld ms ] k�q d r t ks r �r gn v�s g] s +�] s �kn v�s d lod q ] s t q d +�
gd ] s � hr � s q ] mr e d q q d c� ax � d kd b s q n l] fmd s hb � q ] ch] s hn m-� S gd x �
] kr n �r gn v�s g] s �s gd �gd ] s �s q ] mr e d q �q ] s d �b ] mmn s �g] u d �] m�] q ,
ahs q ] q x �u ] kt d �9�hs �hr �khlhs d c�s n �] �u ] kt d �b ] kkd c�s gd �pt ] ms t l�
n e �s gd q l] k�b n mct b s ] mb d -�S ghr �oq n u hcd r �] �md v�d w ] lokd �n e �
s gd �v] x �s g] s �s gd �k] vr �n e �ogx r hb r �b g] mfd �vgd m�pt ] ms t l�
ld b g] mhb r �b n ld r �hms n �ok] x -

Ehf-�09��Z(�SdlodqZstqd�bgZmfdr�ne�Z�ldsZkkhb�hrkZmc�Zr�Z�etmbshnm�
ne�sgd�lZfmdshb�fi�tw�*�vghbg�odqhnchbZkkx�rvhsbgdr�sgd�cduhbd�sgZs�
stqmr�dkdbsqnlZfmdshb�gdZs�sqZmredq�nm�Zmc�nee-�Sgd�sdlodqZstqd�
hmbqdZrdr�rgZqokx�vgdm�gdZs�Zqqhudr�nm�sgd�hrkZmc-�’a(�9�?lokhstcd�
ne�sgd�sdlodqZstqd�nrbhkkZshnm�enq�uZqhntr�sdlodqZstqdr�’b(�9�?r�
sdlodqZstqd�cdbqdZrdr+�sgd�sgdqlZk�bnmctbshnm�F
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Z�uZktd�bnqqdronmchmf�sn�sgd�ptZmstl�ne�sgdqlZk�bnmctbsZmbd�
F
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-

�

� S gd � d w od q hld ms r � ] q d � d w s q d ld kx �cd l] mchmf�ad ,
b ] t r d � s gd � s d lod q ] s t q d � g] r � s n � ad � ld ] r t q d c� n m� lhmt s d �
ld s ] kkhb �hr k] mcr -��@mx �n q chm] q x �s gd q ln ld s d q �vn t kc�ad �e ] q �
s n n �ahf�e n q �s ghr �s ] r j -�S gd �oq n akd l�hr �q d r n ku d c�ax �pt ] ms t l�
ld b g] mhb r �hs r d ke � 9� s gd �d kd b s q hb ] k�oq n ad r �t r d c�g] u d � b q n r r ,
r d b s hn mr �n e �n mkx �] �gt mcq d c�m] mn ld s q d r �] mc�t r d �s gd �s t m,
md k� d e e d b s +� ] � pt ] ms t l� ld b g] mhb ] k� ogd mn ld mn m� vghb g�
] kkn vr �o] q s hb kd r � s n �od md s q ] s d � hms n � q d fhn mr � e n q ahccd m�ax �
b k] r r hb ] k�ld b g] mhb r -�@m�d kd b s q hb �b t q q d ms �ct d �s n �s t mmd kkhmf�
ln mhs n q r �s gd �d md q fx �chr s q hat s hn m�n e �s gd �d kd b s q n mr �hm�] �ld ,
s ] kkhb �hr k] mc�] mc�r n �ld ] r t q d r �hs r �s d lod q ] s t q d -�S n �r d o] q ] s d �
n t s � s gd �mn hr d � r hfm] k� e q n l�s gd � d mu hq n mld ms +� ] �~ r vhs b g•� hr �
hmr d q s d c�hm�s gd �r t od q b n mct b s hmf�vhq d -�S ghr �] ks d q m] s d kx �] k,
kn vr �] mc�akn b j r �s gd �o] r r ] fd �n e �gd ] s �ax �d kd b s q n l] fmd s hb �
q ] ch] s hn m�] kn mf�s gd �vhq d -�E hft q d �0 �r gn vr �s gd �s d lod q ] s t q d �
u ] q h] s hn m�n e �s gd �ld s ] kkhb �hr k] mc+�] r �] �e t mb s hn m�n e �s gd �l] f,
md s hb �«�d kc�vghb g�n od q ] s d r �s gd �r vhs b g�b x b khb ] kkx -
� S gd r d � d w od q hld ms r � g] u d � oq n u hcd c� ] � ad s s d q � t m,
cd q r s ] mchmf�n e �s gd �s gd q l] k�s q ] mr on q s �ld b g] mhr lr �hm�m] ,
mn ld s q d �r b ] kd �r s q t b s t q d r -
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uhbd�trdc-�Nm�sgd�qhfgs+�dmkZqfdldms�rgnvhmf�sgd�qdrhrsZmbd�vhsg�
entq�stmmdk�bnmsZbsr�Zmc�sgd�rtodqbnmctbshmf�vhqd-�
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���M,MN� O q n ahmf�] �r hmfkd �r ohm

� BkZrrhbZk�ldsgncr�enq�hmenqlZshnm�oqnbdrrhmf�hm�
dkdbsqnmhb�cduhbdr�Zqd�aZrdc�nm�bnmsqnk�ne�sgd�bgZqfd�fi�nv�
hm�rdlhbnmctbsnqr+�vgdqdZr�hmenqlZshnm�rsnqZfd�sxohbZkkx�
dwoknhsr�sgd�lZfmdshb�oqnodqshdr�ne�ldsZkr-�Bnmshmthmf�
oqnfqdrr�hm�lhmhZstqhyZshnm�gZr�cqZlZshbZkkx�qdctbdc�sgd�
mtladq�ne�Zsnlr�mdbdrrZqx�sn�oqnbdrr�Zmc�rsnqd�nmd�ahs�ne�
hmenqlZshnm-�Hm�sghr�qdrodbs+�rsnqhmf�Z�rhmfkd�ahs�hm�Z�rhmfkd�
Zsnl�vntkc�ad�Zm�tkshlZsd�khlhs-�Vhsg�onrrhakd�qdkduZmbd�
sn�rtbg�Z�fnZk+�vd�gZud�lZmZfdc�qdbdmskx�sn�knbZkhyd�Zm�hm,
chuhctZk�lZfmdshb�Zsnl�hm�Z�rdlhbnmctbsnq�ptZmstl�cns-�
Rtbg�Z�ptZmstl�cns�bZm�ad�Zccqdrrdc�noshbZkkx�Zmc�vd�
gZud�rgnvm�sgZs�sgd�dmdqfx�Zmc�onkZqhyZshnm�ne�sgd�ogn,
snm�dlhssdc�ctqhmf�sgd�qdbnlahmZshnm�ne�Zm�hmidbsdc+�rhmfkd�
dkdbsqnm,gnkd�oZhq�cdodmcr�nm�sgd�rohm�rsZsd�ne�sgd�lZfmds,
hb�Zsnl-�Sghr�oqnodqsx�hr�dwoknhsdc�sn�cn�noshbZk�oqnahmf�ne�
sgd�rohm�rsZsd�ne�Zm�hmchuhctZk�lZfmdshb�Zsnl�-

� S gd � pt ] ms t l� cn s r � vd � b gn r d � e n q � s ghr � r s t cx � ] q d �
a] r d c� n m� s gd � HH,UH� ~ Chkt s d c� L] fmd s hb � R d lhb n mct b s n q r •�
Bc’Lm(S d -� S gd � ogn s n kt lhmd r b d mb d � n e � hmchu hct ] k� pt ] m,
s t l�cn s r �cn od c�vhs g�] �l] mf] md r d �] s n l�Lm�hr �hr n k] s d c�
t r hmf� lhb q n , r od b s q n r b n ox � s d b gmhpt d r -� S gd � ogn s n kt lh,
md r b d mb d � r od b s q t l� n e � ] � r hmfkd � pt ] ms t l� cn s � vhs gn t s �
] mx �l] fmd s hb �] s n l�b n mr hr s r �n e �] �r hmfkd �r g] q o�khmd +�vghb g�
q d r t ks r � e q n l� s gd � q d b n lahm] s hn m� n e � ] m� d kd b s q n m� g] u hmf�
] � r ohm� R <� 0 . 1 �vhs g� ] �gn kd �g] u hmf� ] � r ohm� I <� 2 . 1 -�Vgd m� ] �
Lm�] s n l�hr �hmb kt cd c�hm�s gd �pt ] ms t l�cn s +�s gd �r ohm�n e �s gd �
n os hb ] kkx �b q d ] s d c�d kd b s q n m,gn kd �o] hq �b ] m�hms d q ] b s �vhs g�s gd �
«�u d �n t s d q ln r s �d kd b s q n mr �n e �s gd �2 c�r gd kk�n e �s gd �Lm�] s n l-�
S gd �2 c�d kd b s q n mr �] q d �] khfmd c�r n �s g] s �s gd hq �s n s ] k�r ohm�R �g] r �
] �u ] kt d �4 . 1 �] mc�] �ld ] r t q d ld ms �n e �R �] kn mf�] mx �chq d b s hn m�
lt r s �x hd kc�] �pt ] ms hy d c�q d r t ks �g] u hmf�n md �n e �1 R )0 <�5 �on r ,
r hakd � u ] kt d r � 9� R

y
<� ½4 . 1 +� ½2 . 1 +� ½0 . 1 -� S ghr � kd ] cr � s n � ] � r okhs ,

s hmf�n e �s gd �hmhs h] kkx �r hlokd �ogn s n kt lhmd r b d mb d �r od b s q t l�
hms n �r hw �d pt ] kkx �r o] b d c�b n lon md ms r -�S gd �r okhs s hmf�b n ld r �
l] hmkx � e q n l�s gd � r ohm�r s q t b s t q d � n e � s gd �gn kd r -� Hm�n t q �~ r d ke ,
] r r d lakd c•� pt ] ms t l� cn s r +� s gd � r s q ] hmr � hm� s gd � pt ] ms t l�
cn s �ok] md �khe s �s gd �e n t q e n kc�cd fd md q ] b x �n e �s gd �gn kd �kd u d kr �
] mc+� hm� s gd � kn vd r s � d md q fx � r s ] s d +� s gd � r ohm� n e � s gd � gn kd � hr �
pt ] ms hy d c� ] kn mf� s gd �fq n vs g� ] w hr � ] mc� hs r �oq n id b s hn m� b ] m�
s ] j d � n mkx � s gd � u ] kt d r � I

y
<� ½2 . 1 -S gd � hms d q ] b s hn m� ad s vd d m�

s gd � gn kd � ] mc� s gd � Lm� hr � q d ct b d c� s n � ] m�~ Hr hmf•� s d q l� I
y
R

y
-�

S ghr �b n t okhmf�r ghe s r �s gd �d lhr r hn m�d md q fx �n e �s gd �pt ] ms t l�
cn s +�cd od mchmf�n m�s gd �q d k] s hu d �oq n id b s hn m�n e �s gd �Lm�] mc�
gn kd �r ohmr -�S gd �hms d q ] b s hn m�n e �s gd �d kd b s q n m,gn kd �o] hq �vhs g�
s gd �Lm�hr �s gd m�d pt hu ] kd ms �s n �] m�d e e d b s hu d �l] fmd s hb �«�d kc+�
vghb g�r okhs r �s gd �che e d q d ms �Lm�r ohm�kd u d kr �d u d m�vhs gn t s �] m�
d w s d q m] k�l] fmd s hb �«�d kc-
� R hmb d � s gd � r ohm� r s ] s d � n e � s gd � Lm� ] s n l� fi�t b s t ] s d r �
ct q hmf� s gd � n os hb ] k� ld ] r t q d ld ms r +� s gd � r hw � khmd r � ] q d � n a,
r d q u d c�r hlt ks ] md n t r kx �hm�s gd �kt lhmd r b d mb d �r od b s q ] -�

Ehf-�09��?snlhb�Enqbd�Lhbqnrbnod�hlZfd�ne�BcSd�ptZmstl�
cnsr�chrodqrdc�nm�Z�XmSd�rtqeZbd-�Sgd�hlZfd�hr�0�lhbqnm�
vhcd�Zmc�sgd�ptZmstl�cnsr�gZud�rhydr�ne�nqcdq�0/�ml-

S gd hq � hms d mr hs x � q d fi�d b s r � s gd �oq n a] ahkhs x � e n q � s gd �Lm� s n �ad �
hm�n md �n e �hs r �r hw �r ohm�oq n id b s hn mr �] mc�s gd �r s ] s hr s hb r �n e �s gd �
d lhs s d c� ogn s n mr � q d fi�d b s � s gd � cx m] lhb r � n e � s gd � Lm� r ohm�
fi�t b s t ] s hn mr -�S gd �d lhr r hn m�e q n l�s gd �pt ] ms t l�cn s �hr �s gd m�
] �chq d b s �oq n ad �n e �s gd �r ohm�r s ] s d �n e �s gd �l] fmd s hb �] s n l�] mc�
b n t kc�ad �d lokn x d c�] r �] �q d ] c, n t s �s n n k�hm�] m�hmen q l] s hn m�
oq n b d r r hmf�oq n s n b n k�t r hmf�] �r hmfkd �Lm�r ohm�s n �r s n q d �n md �
ahs �n e �hmen q l] s hn m-

Ehf-�19�Ognsnktlhmdrbdmbd�rodbsqtl�ne�Zm�hmchuhctZk�ptZmstl�cns�
bnmsZhmhmf�Z�rhmfkd�Lm�Zsnl-�Sgd�dwbhsZshnm�bqdZsdr�Z�bnm“�mdc�
dkdbsqnm,gnkd�oZhq+�vgnrd�rohm�hmsdqZbsr�vhsg�sgd�rohm�ne�sgd�Lm�
’R;4.1(+�rokhsshmf�sgd�Zsnl%r�rhw�rohm�rtakdudkr-�Sgd�dlhrrhnm�rddm�
vgdm�dkdbsqnm�Zmc�gnkd�qdbnlahmd�vhsg�dZbg�nsgdq�sgdm�bnmrhrsr�
ne�rhw�chrshmbs�khmdr-�DZbg�khmd�bnqqdronmcr�sn�Z�fhudm�oqnidbshnm�ne�
sgd�Lm�rohm+�Zkknvhmf�Zm�noshbZk�qdZcnts�ne�sgd�lZfmdshb�Zsnl%r�
rohm�rsZsd-
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���M,MNPt ] ms t l�b n gd q d mb d �] mc�J n mcn �d e e d b s �

� Gnv�cndr�Z�ldsZk�sqZmronqs�dkdbsqhbZk�btqqdms�=��Vd�
gZud�rgnvm�sgZs�Z�etkk�tmcdqrsZmchmf�ne�dkdbsqhbZk�sqZmr,
onqs�bZm�nmkx�ad�Zbghdudc�vhsg�sgd�lnrs�lncdqm�snnkr�ne�
ptZmstl�ldbgZmhbr�Zmc�kZqfd�bnlotsdqr-�
� ?�ldsZk�bZm�ad�uhdvdc�Zr�Z�kZsshbd�ne�bgZqfdc�hnmr+�
sgqntfg�vghbg�sgd�dkdbsqnmr�fi�nv�eqddkx-��Vgdm�Zm�dkdbsqhb�
“�dkc�hr�Zookhdc+�ax�Zookxhmf�enq�dwZlokd�Z�unksZfd�cheedq,
dmbd�Zs�sgd�dmcr�ne�Z�bnmctbsnq+�sgd�dkdbsqnmr�Zqd�Zbbdk,
dqZsdc9�sghr�hr�sgd�dkdbsqhb�btqqdms-��Nmd�jdx�ptdrshnm�gZr�
addm�nlhssdc9�vgZs�khlhsr�sgd�lZfmhstcd�ne�sgd�btqqdms�
=��Sgd�ZbbdkdqZshnm�ne�sgd�dkdbsqnm�cndr�mns�kdZc�sn�Zm�hm,
“�mhsd�hmbqdZrd�ne��hsr�roddc�Zmc�gdmbd�ne�sgd�btqqdms-��Sgd�
aZrhb�hmfqdchdms�hr�oqnuhcdc�ax�bnkkhrhnmr�ne�sgd�dkdbsqnmr�
vhsg�hlotqhshdr�nq�adsvddm�sgdlrdkudr.  First, electrons 
diffuse on atomic defects : this is crystallographic 
disorder. Second, collisions between electrons also 
slow down the current fl ow. At room temperature, 
the collisions between electrons are dominant, while 
impurities and lattice defects dominate at low tem-
perature.  Taking into account all these phenomena 
in transport equations, it is possible to account pre-
cisely for the resistance of metals. 

 But new experimental phenomena have been 
discovered : when a minute fraction of the lattice ions 
are replaced by magnetic ions (for example iron), the 
electrical resistance increases at low temperature, 
something which cannot be explained by standard 
diffusion processes ! I t m� J n mcn � chr b n u d q d c� s gd � n q h,
fhm� n e � s ghr �ogd mn ld mn m�vghb g� hr � j mn vm�ax �ghr �m] ld 9�
d kd b s q n mr � b ] q q x � mn s � n mkx � ] m� d kd b s q hb � b g] q fd � at s � ] kr n � ] �
l] fmd s hb �ln ld ms -�S gd �hms d q ] b s hn m�n e �s ghr �ln ld ms �vhs g�
l] fmd s hb �hlot q hs hd r �fd md q ] s d r �b n kkhr hn mr �n e �] �mn u d k�s x od +�
vghb g�] q d �ln q d �] mc�ln q d �d e «�b hd ms �] r �s gd �s d lod q ] s t q d �hr �
kn vd q d c� 
� Hm� n t q � vn q j +� vd � hmu d r s hf] s d c� s gd � hmfi�t d mb d � n e �
l] fmd s hb � hlot q hs hd r � ] mc�s gd hq � b n t okhmf�s n �� b n mct b s hn m�
d kd b s q n mr � n m� s gd � pt ] ms t l� ad g] u hn t q � n e � s gd � d kd b s q n mr �
] mc�s gd hq �og] r d �b n gd q d mb d -�S ghr �oq n akd l�s n t b gd r �n m�s gd �
] b s t ] k� b n mb d os � n e � s gd � d kd b s q n m� 9� r hmb d � s gd � b n t okhmf�ad ,
s vd d m�s gd �d kd b s q n mr �] mc�] �l] fmd s hb �hlot q hs x �ad b n ld r �
r n � r s q n mf+� cn d r � ~ ] � mn u d k� o] q s hb kd •� � q d ok] b d � s gd � ] b s t ] k�
d kd b s q n m� > � � Hm� e ] b s �ad kn v� ] � s d lod q ] s t q d �S J � ’ s gd � J n mcn �
s d lod q ] s t q d ( +�s gd �pt ] ms t l�r s ] s d �n e �d kd b s q n mr �hr �r s q n mfkx �
] e e d b s d c�ax � b n kkhr hn mr �vhs g�l] fmd s hb � hlot q hs hd r -� �S ghr � hr �
vg] s �vd �g] u d � n ar d q u d c�hm�] � r s t cx � n e � s gd �pt ] ms t l�b n ,
gd q d mb d � n e � d kd b s q n mr � ] r � ] � e t mb s hn m� n e � s d lod q ] s t q d � ] mc�
] ookhd c� � l] fmd s hb � «�d kc-� � Hm� e ] b s +� ] r � s gd � s d lod q ] s t q d � hr �

kn vd q d c+�d kd b s q n mr �e n q l�] �b kn t c�] q n t mc�l] fmd s hb �hlot ,
q hs hd r �vghb g�d w ] b s kx �r b q d d mr �s gd hq �l] fmd s hb �ln ld ms -��Hm�
s ghr �~ b n kkd b s hu d �d e e d b s •+��s gd �l] fmd s hb �ln ld ms �n e �] �k] q fd �
mt lad q � n e � d kd b s q n mr � b n lod mr ] s d r � d w ] b s kx � s gd � hlot q h,
s x &r �l] fmd s hb �ln ld ms -��Nmd �b ] m�r ] x �s g] s �s gd �hlot q hs hd r �
] q d �~ r b q d d md c•�] mc�d u d q x s ghmf�ad g] u d r �] r �he �---�s gd �hlot ,
q hs hd r � g] u d � chr ] ood ] q d c�  � � Tr hmf� on vd q e t k� b n lot s hmf�
] kfn q hs glr � vd � g] u d � ad d m� ] akd � s n � b n lo] q d � n t q � ld ] r ,
t q d ld ms r �vhs g�d w ] b s �mt ld q hb ] k�q d r t ks r �] mc�g] u d �r gn vm�
s g] s �s ghr �r b d m] q hn +�a] r d c�n m�s gd �J n mcn �d e e d b s +�hr �b n q q d b s -
� S gd � t mcd q r s ] mchmf� � n e � d kd b s q hb ] k� s q ] mr on q s � hm�
ld s ] kr �g] r �s gt r �q d ] b gd c�] �md v�kd u d k9�s gd �ln r s �ln cd q m�
s gd n q d s hb ] k�ln cd kr �] ood ] q �s n �ad �d r r d ms h] k�e n q �] �b n lokd s d �
b n loq d gd mr hn m�n e �ogd mn ld m] �vghb g�] q d �] r �a] r hb �] r �s gd �
d kd b s q n mhb �s q ] mr on q s �fn u d q mhmf�s gd �q d r hr s ] mb d �n e �ld s ] kr -�����

Sno�9�dkdbsqnmr�Zqd�cheetrdc�hmbngdqdmskx�Zanud�sgd�Jnmcn�
sdlodqZstqd+�kdZchmf�sn�Zm�hmbqdZrd�ne�sgd�qdrhrsZmbd-��Ans,
snl�9�adknv�SJ�Z�bkntc�ne�dkdbsqnm�rohmr�rbqddmr�sgd�hlot,
qhsx+�vghbg�adbnldr�zsqZmroZqdms–�sn�dkdbsqnmhb�sqZmronqs-
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R b ] s s d q hmf� e q n l� L] fmd s hb � Hlot q hs hd r •+� � B-� A á t d q kd +� E -� L] kkd s +� E -� R b gn oed q+� C-� L] hkkx +�
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� MZmnrsqtbstqdr�bZm�Zbghdud�lncdk�ogxrhbZk�rhstZshnmr+�
vgdqd�mnudk�ogdmnldmZ�Zqhrd�ctd�sn�Z�“�md�stmhmf�ne�sgd�bnmsqnk�
oZqZldsdqr-�Nmd�dwZlokd�hr�fhudm�ax�sgd�Jnmcn�deedbs�9�hm�Z�udqx�
rlZkk�ldsZkkhb�hrkZmc�’Z�ptZmstl�cns(�cd“�mdc�ax�dkdbsqnrsZshb�
fZsdr�’Ehf-�0(�hm�Z�svn,chldmrhnmZk�ldsZk+�nmd�bZm�eZaqhbZsd�Zm�
zZqsh“�bhZk�Zsnl–�ax�oqnfqdrrhudkx�“�kkhmf�sgd�ptZmshydc�dkdbsqnmhb�
kdudkr-�DZbg�shld�sgd��ghfgdrs�nbbtohdc�kdudk�bZqqhdr�Z�rhmfkd�dkdb,
sqnm�vhsg�rohm�́ +�Zcchmf�Zmnsgdq�dkdbsqnm�hr�enqahccdm�ax�Z�Bnt,
knla�aZqqhdq-�Hm�sghr�vZx+�Zm�zZqsh“�bhZk�lZfmdshb�lnldms–�gZr�
addm�oqnctbdc-�

� S gd �s vn �r s ] s d r �vhs g�r ohmr �+�] mc�,�g] u d �s gd �r ] ld �d m,
d q fx +� vghb g� fhu d r � s gd � r x r s d l� u d q x � r od b h] k� oq n od q s hd r -� Vgd m�
s gd �pt ] ms t l�cn s �hr �b n t okd c�s n �s vn �ld s ] kkhb �kd ] cr �’ n q �b g] q fd �
q d r d q u n hq r ( �ax �s t mmd k�a] q q hd q r �’ r n t q b d �] mc�cq ] hm�hm�«�ft q d �0 ( +�s gd �
d kd b s q n m� gn oohmf� ad s vd d m� s gd � pt ] ms t l� cn s � ] mc� s gd � q d r d q ,
u n hq r �hr �] akd �s n �~ r b q d d m~ �s gd �r ohm�µ-�S gd �] q s h«�b h] k�l] fmd s hb �ln ,
ld ms � chr ] ood ] q r � ad kn v� ] � b g] q ] b s d q hr s hb � s d lod q ] s t q d � b ] kkd c�
s gd �~ J n mcn �s d lod q ] s t q d ~ -�S gd m+�cd r ohs d � s gd �r s q n mf�Bn t kn la�
hms d q ] b s hn m�n m�s gd �pt ] ms t l�cn s +�s gd �r x r s d l�ad g] u d r �] r �he �s gd �
pt ] ms t l�cn s �v] r �q d ok] b d c�ax �] �od q e d b s kx �b n mct b s hmf�ld s ] kkhb �
fq ] hm-�S gd � b n mct b s ] mb d � s gq n t fg� s gd �pt ] ms t l�cn s �ad b n ld r �
d pt ] k�s n �s gd �l] w hlt l�u ] kt d �1 d 1 . g��] kkn vd c�ax �pt ] ms t l�ld ,
b g] mhb r -�
� Q d b d ms kx �hs �v] r �chr b n u d q d c�s g] s �s gd �J n mcn �d e e d b s �l] x �
] kr n � n b b t q � vgd m� s gd � k] r s � d kd b s q n m� ] ccd c� hm� s gd � cn s � b ] m� n b ,
b t ox �s vn �pt ] ms t l�r s ] s d r �vhs g�s gd �r ] ld �d md q fx +�cd r b q had c�ax �
che e d q d ms �n q ahs ] k�v] u d e t mb s hn mr -��S ghr �b ] m�g] ood m�e n q �hmr s ] mb d �
ax �t r hmf�s vn �cn s r +�b n t okd c�s n �s gd �r ] ld �kd ] cr +�s gd �] ccd c�d kd b ,
s q n m� n b b t ox hmf� n md � n q � s gd � n s gd q � cn s � ’ E hft q d � 1 ( -� S gd � nqahsZk�
Jnmcn�deedbs�hr �n as ] hmd c�ax �r s q n mfkx �b n t okhmf�s gd �s vn �cn s r �ax �
] �b ] o] b hs ] mb d -
� �Vg] s �g] ood mr �s n �s gd �d kd b s q n m�r ohm�hm�s ghr �b ] r d > �S gd �
s vn �cd fd md q ] s d � n q ahs ] k� r s ] s d r � ] q d � n as ] hmd c�ax �~ e q d d y hmf~ �s gd �
r ohm�hm�n md �n e �hs r �r s ] s d r +�t r hmf�] �l] fmd s hb �«�d kc�vghb g�cd b q d ] r ,
d r �s gd �d md q fx �n e �+��d kd b s q n mr �] mc�hmb q d ] r d r �s g] s �n e �,�d kd b s q n mr �
’ Y d d l] m�d e e d b s ( -�

E hf-�0

E hf-�1

� Nmd � b ] m�fn � e t q s gd q � ] mc� s t md � s gd � d kd b s q n r s ] s hb �f] s d r �
r n � s g] s � s gd � s vn � r s ] s d r � vhs g� s gd � r ] ld � d md q fx � ] q d � ’ 0 �+( � ] mc�
’ 1 �,( -�S ghr � q d pt hq d r � s g] s � s gd �f] s d �on s d ms h] kr � ] b s hmf� n m�cn s r � 0 �
] mc� 1 � b n lod mr ] s d � s gd � Y d d l] m� d md q fx � r okhs s hmf� ad s vd d m�+�
] mc�,�r s ] s d r -�Hm�s gd �fd n ld s q x �n e �E hft q d �1 +�s gd �J n mcn �d e e d b s �b ] m�
cd u d kn o� ] mc� s ghr �g] r � r s q hj hmf� b n mr d pt d mb d r �  �S gd � s n s ] k� b n m,
ct b s ] mb d �ad s vd d m�kd e s � ’ r hmfkd �r n t q b d ( � ] mc�q hfgs �’ s vn �cq ] hmr ( �
hr �l] w hl] k+�at s �d kd b s q n mr �vhs g�r ohm�+�] q d �e n q b d c�s n �fn �s gq n t fg�
cn s � 0 +� �vghkd � d kd b s q n mr �vhs g�r ohm�,� ] q d � e n q b d c�s gq n t fg�cn s � 1 -�
S ghr � d e e d b s hu d kx � r okhs r � s gd � hmb n lhmf� d kd b s q n mhb � b t q q d ms � hms n �
s vn �r ohm,on k] q hy d c�b t q q d ms r +�vhs g�n oon r hs d �on k] q hy ] s hn mr -�S ghr �
cd u hb d �b n t kc�ad �q d ] khy d c�vhs g�r s ] s d , n e , s gd �] q s �s d b gmhpt d r �] mc�
vn t kc�] b ghd u d � ] m�d kd b s q n mhb � d pt hu ] kd ms �n e � s gd �R s d q m,Fd q k] b g�
d w od q hld ms +�vhs g�ghfg�d e «�b hd mb x -�@ks gn t fg�hs �lhfgs �vn q j �n mkx �
] s � s d lod q ] s t q d r � vd kk� ad kn v� 0 J +� hs � vn t kc� ] kkn v� ] � mt lad q � n e �
e t mc] ld ms ] k�d w od q hld ms r �hm�m] mn d kd b s q n mhb �r s q t b s t q d r �vgd q d �
hs �hr �md b d r r ] q x �s n �~ «�ks d q •�s gd �d kd b s q n mhb �r ohm-�

E hf-�2

� S gd �] r r n b h] s hn m�ad s vd d m�] �r ohm�] mc�] m�n q ahs ] k�cd fq d d �
n e � e q d d cn l+� d lan chd c� hm� s gd � s vn � r s ] s d r � ’ 0 �+( � ] mc� ’ 1 �,( +� b ] m�
ad �b n gd q d ms �d mn t fg�s n �x hd kc�] �r n , b ] kkd c�~pt ] ms t l�d ms ] mfkd ,
ld ms •-�S gd m+�t r hmf�pt ] ms t l�hms d q e d q d mb d r �ad s vd d m�s vn �d kd b ,
s q n mhb �o] s gr �b q n r r hmf�cn s r �0 �] mc�cn s �1 �’ E hf-2 ( �n md �b ] m�hl] fhmd �
n s gd q �d w od q hld ms r �vgd q d �s gd ��d kd b s q n mhb �r ohm�b ] m�ad �l] mhot ,
k] s d c+�t r hmf�n mkx �r s ] s hb �d kd b s q hb �] mc�l] fmd s hb �«�d kcr -
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���M,MNR b ] mmhmf, O q n ad �Hl] fhmf�n e �D kd b s q n m�Hms d q e d q d mb d �
O gd mn ld m] �hm�Pt ] ms t l�Q hmfr

� HmudrshfZshnmr�ne�ptZmstl,bngdqdms�mZmnrsqtb,
stqdr�khd�Zs�sgd�kdZchmf�dcfd�ne�rdlhbnmctbsnq�qdrdZqbg�
vhsg�hlokhbZshnmr�qZmfhmf�eqnl�etmcZldmsZk�hrrtdr�hm�
rnkhc,rsZsd�ogxrhbr�sn�etstqd�mZmndkdbsqnmhbr�ZookhbZshnmr-�
Lnrs�nesdm+�rtbg�rsqtbstqdr�Zmc�qdkZsdc�dkdbsqnm�sqZmronqs�
ogdmnldmZ�Zqd�ZmZkxrdc�hm�sdqlr�ne�lZbqnrbnohb�oZqZl,
dsdqr�’sxohbZkkx�sgd�nudqZkk�bnmctbsZmbd(-�Hm�bnkkZanqZshnm�
vhsg�sgd�Tmhudqrhs°�BZsgnkhptd�ne�KntuZhm,kZ,Mdtud�’Adk,
fhtl(�Zmc�sgd�HDLM�Hmrshstsd�hm�Khkkd+�vd�gZud�Zookhdc�Z�
vdZjkx�hmuZrhud�rbZmmhmf�oqnad�lhbqnrbnox�sdbgmhptd�
Zakd�sn�hlZfd�hm�qdZk�roZbd�sgd�knv�sdlodqZstqd�sqZmronqs�
oqnodqshdr�ne�mZmnrsqtbstqdr�oZssdqmdc�hm�Z�rtartqeZbd�
svn,chldmrhnmZk�dkdbsqnm�fZr�’1CDF(-�Ax�Zcchmf�sgd�kn,
bZk�chldmrhnm�sn�sqZchshnmZk�ldZrtqdldmsr+�sghr�ldsgnc+�
bZkkdc�RbZmmhmf,FZsd�Lhbqnrbnox�’RFL(+�rgdcr�mdv�khfgs�
nm�sgd�dkdbsqnm�sqZmronqs�sgqntfg�nodm�atqhdc�mZmnrsqtb,
stqdr-

� S gd �r s q t b s t q d r �vd �r s t chd c�] q d �q hmf, r g] od c�d kd b ,
s q n m� hms d q e d q n ld s d q r +� h-d -+� ~@g] q n mn u , A n gl•� ’@A ( � q hmfr �
’ E hf-0 ( -� S gd x � ] q d � o] s s d q md c� ax � d kd b s q n m,ad ] l� khs gn fq ] ,
ogx �e q n l�] �1 CD F�b n m«�md c�] s �s gd �hms d q e ] b d �n e �] �F] Hm@r ,
a] r d c�gd s d q n r s q t b s t q d -�S gd �1 CD F�hr �at q hd c�] s �1 4 �ml�ad ,
kn v�s gd �e q d d � r t q e ] b d +� s n n �cd d o�s n �ad � ] b b d r r hakd �chq d b s kx �
t r hmf�R b ] mmhmf�S t mmd kkhmf�Lhb q n r b n ox �’ R S L(-

Ehf-�09�?EL�snonfqZoghb�hlZfd�ne�Z�ptZmstl�qhmf

� S gd � @s n lhb � E n q b d � Lhb q n r b n od � ’@E L(� b n mr s q t b s ,
d c�hm�n t q �k] an q ] s n q x �vn q j r �] s �kn v�s d lod q ] s t q d �] mc�hm�] �
l] fmd s hb � «�d kc� hm� n q cd q � s n � q d u d ] k� b n gd q d ms � d e e d b s r � s g] s �
d ld q fd �e n q �r hy d r �n e �s gd �cd u hb d �r l] kkd q �s g] m�s gd �d kd b s q n m�
b n gd q d mb d � kd mfs g-� R FL� t r d r � s gd � d kd b s q hb ] kkx ,on k] q hy d c�
@E L�s ho�] r �] �fi�x hmf�m] mn ,f] s d �s g] s �b ] m�ad �kn b ] s d c�] s �] mx �
cd r hq d c�on r hs hn m� ] an u d � s gd � r s q t b s t q d -�@� kn b ] k�od q s t q a] ,
s hn m�hr �fd md q ] s d c�hm�s gd �on s d ms h] k� d w od q hd mb d c�ax � d kd b ,

s q n mr �vhs ghm�s gd �pt ] ms t l�q hmf+�vghb g+�hm�s t q m+�] ks d q r �s gd hq �
s q ] mr lhr r hn m�s gq n t fg�s gd �cd u hb d -� A x � q d b n q chmf�s gd �q hmf�
b n mct b s ] mb d �] r �s gd �s ho�hr �r b ] mmd c�n u d q �s gd �q hmf�] mc�hs r �
u hb hmhs x +�vd �at hkc�b n mct b s ] mb d �l] or �’ E hf-1 ( � s g] s � q d fi�d b s �
b g] mfd r �hm�d kd b s q n m�s q ] mr lhr r hn m-�
� S gd � b n mct b s ] mb d � hl] fd � r gn vm�hm� E hf-� 1 � q d u d ] kr �
] �q hb g�o] s s d q m�n e �b n mct b s ] mb d �e q hmfd r �vgn r d �r g] od �cd ,
od mcr �n m�s gd �r b ] mmd c�q d fhn m-�Vgd q d ] r �e q hmfd r �] q d �oq d ,
cn lhm] ms kx �q ] ch] k�vgd m�s gd �s ho�hr �kn b ] s d c�chq d b s kx �] an u d �
s gd � q hmf+� s gd x � ad b n ld � b n mb d ms q hb � vgd m� s gd � s ho� ln u d r �
] v] x �e q n l�s gd �q hmf-�S gd �] m] kx r hr �n e �s ghr �n t s d q �e q hmfd �o] s ,
s d q m�q d u d ] kr �s g] s �hs �at hkcr �] �q d ] k, r o] b d �hl] fd �n e �d kd b s q n m�
hms d q e d q d mb d �ogd mn ld m] �s g] s �s ] j d �ok] b d �vhs ghm�s gd �b n ,
gd q d ms � d kd b s q n m� r x r s d l-�S ghr �o] s s d q m� hr � hms d q oq d s d c� ] r � ] �
b n lahm] s hn m� n e � s gd � d kd b s q n r s ] s hb � @A � d e e d b s � ’ s gd � ah] r d c�
s ho�ln ch«�d r � s gd �og] r d � ] b b t lt k] s d c�ax � d kd b s q n m�v] u d ,
e t mb s hn mr �oq n o] f] s hmf�hm�d ] b g�] q l�] mc+�s gd q d e n q d +�s gd hq �
og] r d �cd s t mhmf�] s �s gd �q hmf�n t s ot s ( �] mc�n e �s gd �l] fmd s hb �
@A �d e e d b s -�Hm�s gd �k] s s d q �d e e d b s +�s gd �l] fmd s hb �fi�t w �b ] os t q d c�
ax �s gd �@A , q hmf�] ookhd r �] m�] cchs hn m] k�og] r d �r ghe s �s n �d kd b ,
s q n m� v] u d , e t mb s hn mr � s g] s � hr � od q hn chb � vhs g� s gd � ] ookhd c�
l] fmd s hb �«�d kc-��
� S gd �hms d q oq d s ] s hn m�n e �s gd �hmmd q �q ] ch] k�e q hmfd �o] s ,
s d q m� t mcd q � q d ] khr s hb � r hlt k] s hn mr � n e � s gd � d kd b s q n m,oq n a,
] ahkhs x � cd mr hs x � vhs ghm� s gd � pt ] ms t l� q hmf� q d u d ] kr � s g] s � hs �
hr �] kr n �khmj d c�s n �s gd �b n gd q d ms �m] s t q d �n e �s gd �d kd b s q n m�r x r ,
s d l-�S gd q d e n q d +�s gd �R FL�s d b gmhpt d �n od mr �md v�od q r od b ,
s hu d r �hm�s gd �] m] kx r hr �n e �d kd b s q n mhb �m] mn ,cd u hb d r �a] r d c�n m�
s gd �pt ] ms t l�s q ] mr on q s �n e �b g] q fd �b ] q q hd q r -�Hm�s gd �e t s t q d +�
hs �b n t kc�e n q l�] �on vd q e t k�s n n k�e n q �cd r hfmhmf�] mc�ch] fmn r ,
hmf� b n gd q d ms � d kd b s q n mhb �m] mn ,cd u hb d r �vghb g�vn t kc� d w ,
okn hs �s gd �d kd b s q n m�og] r d �hm�] cchs hn m�s n �s gd �b g] q fd �r s ] s d -

Ehf-�19�Ehksdqdc�bnmctbsZmbd�lZo�sZjdm�Zr�Z�etmbshnm�ne�sgd�
onrhshnm�ne�sgd��ahZrdc,sho-�Sgd�sdlodqZstqd�hr�3-1�J�Zmc�sgd�
Zookhdc�lZfmdshb�“�dkc�rsqdmfsg�hr�1�S-

E t o s g d o �o d Z c hm f �8�
– �~ �Hl] fhmf�] mc�b n ms q n kkhmf�d kd b s q n m�s q ] mr on q s �hmr hcd �] �pt ] ms t l�q hmf�~ +�A -G] b j d mr +�
E -�L] q s hmr +�S -�Nt hr r d +�G-�R d kkhd q+�R -�A n kk] d q s +�W-�V] kk] q s +�@-�B] oox +�I -�Bgd u q hd q+�U-A ] x n s +�

R -�Gt ] ms +��M] s t q d �O gx r -�1 +�7 1 5 �’ 1 / / 5 ( -

, 0 4 ,

B n m s Z b s 8�R d o f d �Gt Z m s
r d q fd -gt ] ms ?fq d mn akd -b mq r -e q
S d k9��)2 2 �3 6 5 4 0 3 6 1 3
S g hd o o v �Nt hr r d
s ghd q q x -n t hr r d ?t ie ,fq d mn akd -e q
S d k9�)2 2 �3 6 5 4 0 3 6 6 0
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D e e d b s r �n e �b n lon r hs hn m�] mc�n q cd q hmf�n m�
l] fmd s hr l�n e �E d , O s

� EtmcZldmsZk�qdrdZqbg�nm�lZfmdshb�lZsdqhZkr�gZr�
kdc�sn�lZfmdsr�vhsg�dwbdoshnmZk�oqnodqshdr�Zmc�xhdkcr�mdv�
ZookhbZshnmr�9�lhmhZstqd�lnsnqr�Zmc�rdmrnqr+�cZsZ�rsnqZfd�
hm�bnlotsdq�chrjr----�Etqsgdq�oqnfqdrr�qdpthqdr�lZrsdqhmf�
sgd�oqnctbshnm�ne�sgd�lZsdqhZkr�Zmc�Z�adssdq�tmcdqrsZmc,
hmf�ne�sgdhq�ogxrhbZk�oqnodqshdr-

� @kkn x r � ad s vd d m� hq n m� ] mc� ok] s hmt l� g] u d � ad d m�
j mn vm� en q � cd b ] cd r � at s � s gd hq � l] fmd s hb � oq n od q s hd r � ] q d �
r s hkk� s gd � r t aid b s � n e � hms d mr d � q d r d ] q b g� vn q j -� @ln mfr s �
s gd l+� s gd � ] kkn x r � vhs g� r hlhk] q � b n mb d ms q ] s hn mr � n e � E d � ] mc�
O s �] s n lr �b ] m�b q x r s ] kkhy d �hm�s vn �che e d q d ms �og] r d r �9�] �chr n q ,
cd q d c�og] r d � b ] kkd c�@0 � ’vgd q d � s gd � E d � ] mc�O s � ] s n lr � ] q d �
q ] mcn lkx �chr s q hat s d c�n m�s gd �r ] ld �b q x r s ] kkn fq ] oghb �r hs d +�
r d d � E hf-�0 � ] s � kd e s ( +� ] mc�] m�n q cd q d c�og] r d � b ] kkd c�K 0 / -�S gd �
k] s s d q �b ] m�ad �r d d m�] r �] m�] ks d q m] s hmf�r t b b d r r hn m�n e �ok] md r �
n e �E d �] mc�O s �] s n lr �’ E hf-�0 �] s �q hfgs ( -�S ghr �r od b h] k�r s q t b s t q d �
fhu d r � s gd � b n lon t mc� d w s q ] n q chm] q x � l] fmd s hb � oq n od q ,
s hd r +� b k] r r hmf� hs � hm� s gd � b ] s d fn q x � n e � s gd � ln r s � on vd q e t k�
l] fmd s r -� Hm� s ghm� «�kl� en q l+� s gd r d �l] s d q h] kr � ] q d �oq n lhr ,
hmf� b ] mchc] s d r � e n q � c] s ] � r s n q ] fd � ] s � t ks q ] � ghfg� cd mr hs x -�
S ghr �lhfgs �r d d l�r t q oq hr hmf�fhu d m�s g] s �hm�E d , O s �n mkx �4 / !�
n e �s gd �] s n lr �] q d �l] fmd s hb -
� S gd � chr b n u d q x � n e � s gd hq � ghfg� od q e n q l] mb d � g] r �
q d md vd c� hms d q d r s � hm� q d r d ] q b g� n m� s gd r d � b n lon t mcr +� d r ,
od b h] kkx � ] r � s gd hq �oq n od q s hd r � ] mc�ad g] u hn t q � ] q d �mn s �vd kk�
d mn t fg� t mcd q r s n n c-� E n q � d w ] lokd +� s gd � s d lod q ] s t q d � ] s �
vghb g� s gd � l] fmd s hb � ln ld ms r � ad b n ld � n q cd q d c� ’Bt q hd �
s d lod q ] s t q d ( +�at s � ] kr n � s gd �l] fmd s hb � ] mhr n s q n ox �’ n q hd m,
s ] s hn m� n e � s gd �l] fmd s hb �ln ld ms r � hm� ] �oq hu hkd fd c�chq d b ,
s hn m( �] q d �u d q x �r d mr hs hu d �s n �s gd �cd fq d d �n e �n q cd q hmf�n e �s gd �
E d �] mc�O s �] s n lr :�hmu d q r d kx +�s gd �l] b q n r b n ohb �l] fmd s hy ] ,
s hn m� hr � fd md q ] kkx � cd r b q had c� ] r � ad hmf� l] hmkx � hmcd od mc,
d ms �n e �s gd �cd fq d d �n e �n q cd q hmf�’ ] s �«�w d c�b n lon r hs hn m( -
 Hm�] �md t s q n m�che e q ] b s hn m�r s t cx �b n mct b s d c�hm�b n k,
k] an q ] s hn m�vhs g�] �s d ] l�e q n l�HE V�Cq d r cd m�’Fd q l] mx ( +�vd �
g] u d �] m] kx y d c�gn v�s gd �n q cd q hmf�n e �s gd �E d �] mc�O s �] s n lr �
] mc�s gd �E d . O s �q ] s hn �hmfi�t d mb d �s gd �l] fmd s hb �oq n od q s hd r �n e �
E d , O s � ] kkn x r -� Md t s q n mr +� ad hmf� md t s q ] k� o] q s hb kd r +� s q ] u d q r d �
l] s s d q � hm� cd os g� ] mc� fhu d � hmen q l] s hn m� ] an t s � s gd � on r h,
s hn mr �n e �] s n lr �hm�] �b q x r s ] k�’ s gd �n q cd q hmf(-�A t s �] kr n +�r hmb d �
md t s q n mr �g] u d �] �l] fmd s hb �ln ld ms �s gd lr d ku d r +�md t s q n m�
che e q ] b s hn m� d w od q hld ms r � b ] m� cd s d q lhmd � l] fmd s hb � ln ,
ld ms r �] s �s gd �] s n lhb �r b ] kd -�Vgd q d ] r �s gd �l] fmd s hy ] s hn m�’ ] �
l] b q n r b n ohb �oq n od q s x ( �n e �s gd r d �] kkn x r �hr �mn s �u d q x �r d mr h,
s hu d �s n �s gd �] s n lhb �n q cd q hmf+�n t q �r s t cx �] s �s gd �lhb q n r b n ohb �

r b ] kd �g] r �q d u d ] kd c�s g] s +�n m�s gd �b n ms q ] q x +�s gd �] s n lhb �l] f,
md s hb �ln ld ms r �n e �hq n m�] mc�ok] s hmt l�cd b q d ] r d �vgd m�s gd �
hq n m�b n ms d ms �hmb q d ] r d r -�S ghr �hr �t mt r t ] k+�e n q �s gd �l] fmd s hb �
ln ld ms � b ] q q hd c�ax � hq n m� ] s n lr � t r t ] kkx � hmb q d ] r d r �vgd m�
s gd �hq n m�b n mb d ms q ] s hn m�hr �hmb q d ] r d c�hm�] kkn x r �n e �hq n m�] mc�
] �mn m,l] fmd s hb �d kd ld ms �’ e n q �d w ] lokd �] kt lhmht l(-
� Nt q � d w od q hld ms ] k� q d r t ks r � g] u d � ad d m� b n m«�q ld c�
ax � s gd n q d s hb ] k� b ] kb t k] s hn mr � n e � s gd � d kd b s q n mhb � r s q t b s t q d -�
Hm�s gd �b n lon t mc�E d

4 8
O s

3 0
+�s gd �b n mr hcd q ] akd �q d ct b s hn m�n e �

s gd �l] fmd s hb �ln ld ms �n e �hq n m�b n lo] q d c�s n �s gd �r s n d b gh,
n ld s q hb � b n lon t mc� E d

4 /
O s

4 /
� b n t kc� ad � ] s s q hat s d c� s n � s gd �

q d ct b d c�u n kt ld �n e �hs r �t mhs �b d kk-
� Hm� ] cchs hn m+� b ] kb t k] s hn mr � n e � s gd � d kd b s q n mhb � r s q t b ,
s t q d �g] u d �r gn vm�s g] s �] s n lhb �chr n q cd q �g] r �s vn �n oon r hs d �
d e e d b s r �n m�s gd �l] fmd s hr l�9�n m�s gd �n md �g] mc+�s gd �b gd lhb ] k�
chr n q cd q �ad s vd d m�E d �] mc�O s �] s n lr �kd ] cr �s n �] �cd b q d ] r d �n e �
s gd �d kd b s q n mhb �cd mr hs x �] s �s gd �E d q lh�kd u d k+�vhs g�q d ct b s hn m�
n e �s gd �l] fmd s hb �ln ld ms �n e �s gd �hq n m�] s n lr -�Nm�s gd �n s gd q �
g] mc+� s gd � ] s n lhb �chr n q cd q � hmb q d ] r d r � s gd � u n kt ld � n e � s gd �
b q x r s ] kkn fq ] oghb � t mhs � b d kk�fhu hmf� ] � r s q n mfd q � kn b ] khy ] s hn m�
n e �s gd �2 c�d kd b s q n mr �b ] q q x hmf�s gd �l] fmd s hr l+�hmb q d ] r hmf�
s gd �l] fmd s hb �ln ld ms �n e �hq n m�] s n lr -
� Cd od mchmf� n m� s gd � ] kkn x � b n lon r hs hn m� ] mc� s gd �
cd fq d d �n e �n q cd q hmf�n e �s gd �] s n lr +�s gd �l] fmd s hb �ln ld ms �
b ] m� u ] q x � e q n l� 1 -3 4 ¨ A � s n � 1 -8 ¨ A -� E n q � ] m� n q cd q d c� E d

4 8
O s

3 0
�

b n lon t mc+�s gd �s vn �d e e d b s r �ld ms hn md c�] an u d �b n lod m,
r ] s d � ] mc� s gd � l] fmd s hr l� hr � g] q ckx � r d mr hs hu d � s n � s gd � E d �
b n ms d ms -� S gd � b n lon t mcr � oq d r d ms hmf� s gd � ad r s � oq n od q ,
s hd r � ] q d � d pt h] s n lhb � E d , O s � b n lon t mcr � vd kk� n q cd q d c� hm�
s gd �K 0 / �O g] r d �9�s gd x �b n lahmd �r s q n mf�l] fmd s hy ] s hn m�] mc�
ghfg�Bt q hd �s d lod q ] s t q d -

Ehf-�09��?snlhb�ZqqZmfdldms�ne�Ed,Os�Zkknxr�hm�sgd�chrnqcdqdc�
rsZsd�?0�’Zs�kdes(�Zmc�sgd�nqcdqdc�rsZsd�K0/�’Zs�qhfgs(-�Sgd�
svn�bnkntqr�qdoqdrdms�sgd�svn�cheedqdms�Zsnlr-

E t o s g d o �o d Z c hm f �8�
– �~ Nq cd q hmf�n e �m] mn b q x r s ] kkhmd �E d , O s �] kkn x r �r s t chd c�ax �hm�r hs t �on vcd q �md t s q n m�che ,
e q ] b s hn m•+�I -�K x t ahm] +�N-�Hr m] q c+�H-�N-�Ft s fi�d hr b g+�J -G-�Lö kkd q+�K -�R b gt ks y +�
I -�@ook-�O gx r -�0 / / �’ 1 / / 5 ( �/ 8 3 2 / 7
– ~ Hmfi�t d mb d �n e �b n lon r hs hn m�] mc�n q cd q �n m�s gd �l] fmd s hr l�n e �E d , O s �] kkn x r �9�Md t s q n m�
on vcd q � che e q ] b s hn m� ] mc� s gd n q x •� +� I -� K x t ahm] +� H-� No] gkd +� L-� Q hb gs d q+� N-� Ft s fi�d hr b g+�
J -G-�Lö kkd q+�K -�R b gt ks y +�N-�Hr m] q c�@ook-�O gx r -�K d s s d q �7 8 �’ 1 / / 5 ( �/ 2 1 4 / 5 -
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n khu hd q -hr m] q c?fq d mn akd -b mq r -e q
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E q t r s q ] s hn m�hm�l] fmd s hb �k] mf] r hs d r

� KZmfZrhsdr�lZjd�to�Z�udqx�kZqfd�rdqhdr�ne�bnl,
ontmcr�’lnqd�sgZm�0//�gZud�addm�hcdmsh“�dc(+�chrbnudqdc�
hm�sgd�087/r�hm�sgd�enqldq�Rnuhds�Tmhnm-�Sgd�Zqbgdsxod�hr�
KZ

2
FZ

4
RhN

03
�’gdmbd�sgd�mZld(-�Sgdrd�lZsdqhZkr�Zqd�jmnvm�

lZhmkx�enq�sgdhq�ohdyndkdbsqhb�oqnodqshdr+�vghbg�lZjd�sgdl�
rdqhntr�bnlodshsnqr�sn�ptZqsy+�drodbhZkkx�hm�“�ksdqhmf�Zookh,
bZshnmr�trhmf�rtqeZbd�Zbntrshb�vZudr�hm�lnahkd�ognmdr-�Vd�
Zqd�hmsdqdrsdc�hm�sgd�lZfmdshrl�ne�bdqsZhm�bnlontmcr�ne�
sghr�bkZrr�vgdqd�sgd�qZqd�dZqsg�hnm�bZqqhdr�Z�lZfmdshb�ln,
ldms-

� E hft q d � 0 � r gn vr � s gd � b q x r s ] k� r s q t b s t q d � n e � k] mf] r ,
hs d r -� S gd � q ] q d � d ] q s g� hn mr � ’ b n kn t q d c� u hn kd s ( � ] q d � ] q q ] mfd c�
n m� ] � k] s s hb d � n e � s q h] mfkd r � s g] s � r g] q d � u d q s hb d r +� b ] kkd c� s gd �
~ j ] fn ld •� k] s s hb d � ’ I ] o] md r d � m] ld � e n q � ] � b ] md � a] r j d s � n e �
s gd � r ] ld � r g] od ( -� S ghr � ] q q ] mfd ld ms � e ] u n q r � s gd � ] ood ] q ,
] mb d � n e � l] fmd s hb � e q t r s q ] s hn m� ogd mn ld m] � vgd m� s gd �
hms d q ] b s hn mr � ] q d � ] ms he d q q n l] fmd s hb � 9� s gd � l] fmd s hb � ln ,
ld ms r �vghb g� s d mc� s n � n q hd ms � ] ms h,o] q ] kkd k� s n � d ] b g� n s gd q �
b ] mmn s �cn �r n �ad b ] t r d �n e �s gd �k] s s hb d �s n on kn fx -�S gd �~ b n l,
oq n lhr d r •�e n t mc�ax �l] fmd s hb �r x r s d lr �n e �s ghr �s x od �kd ] c�
s n �~ d w n s hb •�ghfgkx �cd fd md q ] s d �fq n t mc�r s ] s d r -�Ud q x �r s q n mf�
fi�t b s t ] s hn mr � od q r hr s � cn vm� s n � kn v� s d lod q ] s t q d r +� vghb g�
s q ] mr k] s d r � s gd � che «�b t ks x � n e � d r s ] akhr ghmf� kn mf� chr s ] mb d �
l] fmd s hb �n q cd q-

Ehf-�0�9�Rsqtbstqd�ne�Mc
2
FZ

4
RhN

03
�knnjhmf�Zknmf�sgd�b�Zwhr-�Sgd�

lZfmdshb�hnmr�Mc2)�’uhnkds�bnkntqdc(�enql�Z�jZfnld�kZsshbd-

� L] s d q h] kr � r gn vhmf� r t b g� ogd mn ld m] � ] q d � d w ,
s q d ld kx � q ] q d -� @ln mfr s � s gd l+� q ] q d � d ] q s g� k] mf] r hs d r � ] q d �

d r od b h] kkx �hms d q d r s hmf�ad b ] t r d �s gd x �b ] m�ad �r x ms gd r hy d c�
] r �k] q fd +�ghfg�pt ] khs x �ln mn b q x r s ] kr �t r ] akd �e n q �s gd �aq n ] c�
q ] mfd �n e �d w od q hld ms r �’md t s q n m�r od b s q n r b n ox +�MLQ +�lt ,
n mr +�d s b --( �md b d r r ] q x �s n �b g] q ] b s d q hy d �] mc�t mcd q r s ] mc�s gd �
ogd mn ld m] �] s �s gd �a] r d �n e �l] fmd s hb �e q t r s q ] s hn m-

Ehf-�1�9�LnmnbqxrsZkr�ne�Mc2FZ4RhN03�’Zs�sno(�Zmc�Oq2FZ4RhN03�
’Zs�anssnl(�rxmsgdrhydc�hm�Zm�hlZfd�etqmZbd-

� E n q �s ghr �r s t cx +�vd �vd q d �] akd �s n �cn �s gd �«�q r s �r x ms gd ,
r hr � n e � b d ms hld s q d � r hy d �ln mn b q x r s ] kr � n e � s gd � b n lon t mcr �
Mc

2
F]

4
R hN

0 3 �
] mc� O q

2
F]

4
R hN

0 3
� t r hmf� s gd � y n md � ld ks hmf�

ld s gn c� hm� ] m� hl] fd � e t q m] b d � ’ E hft q d � 1 ( -� S gd � l] fmd s hb �
ld ] r t q d ld ms r �cn md �n m�s gd r d �r ] lokd r �g] u d �b n m«�q ld c�
s gd � ] ms he d q q n l] fmd s hb � m] s t q d � n e � s gd � hms d q ] b s hn mr � ] mc�
s gd � ] ar d mb d � n e � n q cd q hmf� ] s � kn v� s d lod q ] s t q d -� Hmd k] r s hb �
md t s q n m� r b ] s s d q hmf� ld ] r t q d ld ms r � ] q d � ad hmf� cn md � s n �
kn n j �e n q �fi�t b s t ] s hn mr �cn vm�s n �kn v�s d lod q ] s t q d r +�s x ohb ] k�
n e �s gd �e q t r s q ] s d c�l] fmd s hb �r s ] s d -
� @s �oq d r d ms +�vd �] q d � d w s d mchmf�s gd �r s t cx �n e �l] f,
md s hb � k] mf] r hs d r � s n � hmb kt cd � s gd hq � l] fmd s n , d kd b s q hb � ] mc�
l] fmd s n , n os hb �’lt ks he d q q n hr l(�oq n od q s hd r +�] mc�] kr n �s gd hq �
mn m, khmd ] q � n os hb ] k� oq n od q s hd r -� S ghr � oq n id b s � g] r � r t oon q s �
e q n l�s gd �@fd mb d �M] s hn m] kd �on t q �k] �Q d b gd q b gd -
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– �~ L] fmd s hb �e q t r s q ] s hn m�n m�] �J ] fn lç �k] s s hb d �hm�Q2FZ4RhN03��K ] mf] r hs d �vhs g�Q <Mc+�
O q •+��A n q cd s �O -�d s �] k-+�I n t q m] k�n e �O gx r hb r ,Bn mcd mr d c�L] s s d q �0 7 , 1 1 +4 0 3 6 �’ 1 / / 5 ( -
– �~ R ohm, khpt hc�b n q q d k] s hn mr �hm�s gd �Mc, K ] mf] r hs d �] mhr n s q n ohb �J ] fn lç �] ms he d q q n l] f,
md s •�Q n ad q s +�I �d s �] k-+�O gx r -�Q d u -�K d s s -+�8 5 +0 8 6 1 / 4 �’ 1 / / 5 ( :�O gx r hb ] k�Q d u hd v�K d s s d q r +�8 6 +�
1 4 8 8 / 0 ’ D ( �’ 1 / / 5 ( -
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 Oqnsdhm�Zmc�?CM�ahnbghor�gZud�adbnld�jdx�snnkr�
hm�bkhmhbZk�qdrdZqbg�’enq�chZfmnrshb�sdrsr+�mdv�sgdqZohdr--(-�
Ats�sgdhq�dmnqlntr�onsdmshZk�hr�tmcdq�trdc�adbZtrd�sgdx�
gZud�nmkx�knv�rdmrhshuhsx�Zs�oqdrdms-�Dudm�he�fi�tnqdrbdmbd�
ahnbghor�Zqd�sgd�lnrs�trdc�Zs�sgd�oqdrdms�shld+�sgdx�Zqd�
kdrr�rdmrhshud�sgZm�bghor�trhmf�qZchnZbshud�sqZbdqr�Zmc�cn�
mns�Zkknv�ZmZkxrhr�ne�oqdbhntr�Zmc�qZqd�bkhmhbZk�rZlokdr+�nq�
fdmdr�Zmc�oqnsdhmr�oqdrdms�hm�knv�oqnonqshnmr-�Cdsdbshnm�
hm�sghr�jhmc�ne�rdmrnq�hr�trtZkkx�Zbghdudc�ax�qdZbshuZshnm�
ne�sgd�ktlhmdrbdmbd�ne�sgd�zrhfmZk�etmbshnm–�dmshshdr-�Hm�ntq�
bZrd+�sgd�kZssdq�Zqd�nqfZmhb�mZmnbqxrsZkr�oqdrdmshmf�ghfg�
ktlhmdrbdmbd�hmsdmrhshdr�hm�sgd�bqxrsZkkhmd�rsZsd-�Sn�cdudkno�
Z�ahnbgho+�sgd�mZmnbqxrsZkr�Zqd�zetmbshnmZkhrdc–�ax�fqZeshmf�
nmsn�sgdhq�rtqeZbd�gZke,rsqZmcr�ne�CM?�bZqqxhmf�Z�oqnad�
lnkdbtkd-�Sgd�oqnad�lnkdbtkd�snsZkkx�hmghahsr�sgd�fi�tnqdr,
bdmbd�ne�sgd�mZmnbqxrsZkr-�Vgdm�gZke�rsqZmcr�ne�CM?�hcdm,
shbZk�sn�sgnrd�bZqqhdc�ax�sgd�rdmrnq�Zqd�oqdrdms�hm�sgd�Zptd,
ntr�rnktshnm�adhmf�ZmZkxydc+�sgdx�bZm�gxaqhchyd�vhsg�sgdl-�
Sghr�vhkk�lnchex�sgd�rsZsd�ne�sgd�oqnad�lnkdbtkd�’bgZmfd�hsr�
onrhshnm+�bnmenqlZshnm+�Zarnqoshnm�rodbsqtl----(�rtbg�sgZs�
hs�mn�knmfdq�hmghahsr�fi�tnqdrbdmbd�ne�sgd�mZmnbqxrsZk-�Nmd�
sgdm�fdsr�cdsdbshnm�ne�sgd�rodbh“�b�CM?�rsqZmcr�ax�cdsdbs,
hmf�sgd�qdZbshuZshnm�ne�sgd�fi�tnqdrbdmbd�ne�rnld�ne�sgd�mZ,
mnbqxrsZkr-�

� E n q �r d u d q ] k�x d ] q r +�vd �g] u d �ad d m�fq n vhmf�n q f] mhb �
m] mn b q x r s ] kr � hm� s gd � on q d r � n e � s ghm� «�klr � n e � r n k,fd k� r hkh,
b ] s d r -� Hm� 1 / / 5 +�vd �l] r s d q d c� d s b ghmf� n e � s gd � r n k,fd k� r t q ,
e ] b d r �ax �r kn v�chr r n kt s hn m�hm�a] r hb �] pt d n t r �r n kt s hn m�’ 1 , 2 �
ml. gn t q ( -�Hm�s ghr �v] x +�vd �fd s �d ld q fd mb d �n e �s gd �n q f] mhb �
m] mn b q x r s ] kr �vghkd �b n mr d q u hmf�s gd �hmhs h] k�r t q e ] b d �q n t fg,
md r r +�n e �] an t s �/ -4 �ml�n m�] u d q ] fd +�e n q �s gd �r hkhb ] s d c�k] x d q -�
S gd � b n mr d q u ] s hn m� n e � u d q x � kn v� q n t fgmd r r � hkkt r s q ] s d r � s gd �
od q e d b s � b n ms q n k� n e � s gd � d s b ghmf�oq n b d ct q d :� n od q ] s hmf�ax �
] � oq n b d r r � n e � chr r n kt s hn m� ax � ln kd b t k] q � ln mn k] x d q r +� hs � hr �
u d q x �gn ln fd md n t r � hm� s ghb j md r r � n u d q � s gd �vgn kd �m] mn ,
b n lon r hs d �cd on r hs �’BMQ R �o] s d ms ,L] q b g�1 / / 6 ( -�Nt q �oq n ,
b d ct q d � x hd kcr � m] mn b q x r s ] kr � ld b g] mhb ] kkx � r s ] ahkhy d c� ax �
r hkhb ] s d c�k] x d q r -�R hmb d �s gd x �] q d �hm�chq d b s �b n ms ] b s �vhs g�s gd �
d mu hq n mld ms +� s gd hq � chq d b s � e t mb s hn m] khy ] s hn m� hr � on r r hakd �
e n q � cd s d b s hn m� n e � l] b q n ln kd b t kd r � hm� ] pt d n t r � r n kt s hn m�
’ r d d �E hft q d 0 ( -�

Ehf-�0�9��?snlhb�Enqbd�Lhbqnrbnox�hlZfdr�ne�Z�oZqshZkkx�dsbgdc�sghm�
“�kl�rgnvhmf�dldqfdms�mZmnbqxrsZkr-

� Ln q d n u d q+� s gd r d � m] mn b q x r s ] kr � vhs g� r hy d � r d u d q ,
] k� s d mr � n e � ml� ] q d � l] cd � t o� n e � ] � u d q x � k] q fd � mt lad q � n e �
fi�t n q d r b d ms � ln kd b t kd r � ’ 0 / 3 , 0 / 5 ( +� fhu hmf� ghfg� ] ar n q o,
s hn m� b q n r r , r d b s hn mr � ] mc� fi�t n q d r b d mb d � hms d mr hs hd r -� R n � s gd �
md v�s x od �n e �ghfg�kt lhmn r hs x �m] mn r d mr n q �q d r t ks hmf�e q n l�
n t q � chr r n kt s hn m� oq n b d ct q d � r gn t kc� kd ] c� s n � md v� fi�t n q d r ,
b d mb d �ahn b ghor � 0 / / � s n � 0 / / / � s hld r �ln q d � r d mr hs hu d � s g] m�
s n ,c] x &r -� S gd hq � cd u d kn old ms � r gn t kc� fhu d � s gd � b n lo] mx �
FD MD V@UD +� ] s � O n kx s d b gmhpt d , O ] k] hr d ] t +� ] � r s q n mf� on r h,
s hn m� hm� s gd � l] q j d s � e n q � md w s � fd md q ] s hn m� ahn b ghor � ’@MQ �
~ Tks q ] �A q hfgs �A hn b ghor •�n e �s gd �~ A hn s d b gmn kn fx �Hmmn u ] s hn m�
Md s vn q j • ( -
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K t lhmd r b d ms �n q f] mhb �m] mn b q x r s ] kr �e n q �
cd s d b s hn m�n e �ahn kn fhb ] k�ln kd b t kd r
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– �~ Bn m«�md c�mt b kd ] s hn m�] mc�fq n vs g�n e �n q f] mhb �m] mn b q x r s ] kr �hm�r n k,fd k�l] s q hb d r •+�
U-�Ln mmhd q+�M-�R ] my +�D -�A n s y t mf,@ood q s +�L-�A ] b h] +�@-�Ha] md y -�I -�L] s d q -�Bgd l-�Un k�0 5 �
’ 1 / / 5 ( �0 3 / 0 , 0 3 / 8 -
– �~ O n kx ] q n l] s hb �kt lhmd r b d ms �m] mn b q x r s ] kr �e n q �b gd lhb ] k�] mc�ahn kn fhb ] k�r d mr n q r •-�
D -�A n s y t mf,@ood q s +�U-�Ln mmhd q+�S -�G] �Ct n mf+�Q -�O ] mr t �@mc�@-�Ha] md y +��Bgd l-�L] s -�
0 5 +�0 5 / 8 , 0 5 0 0 �’ 1 / / 3 ( -
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Bn ms q n kkhmf�s gd �kn b ] khr ] s hn m�n e �r s q n mf�
d kd b s q n l] fmd s hb �«�d kcr �] s �r t a,v] u d kd mfs g�r b ] kd r

 .m� hlonp sOms � hr r td � hm� op d r d ms � cd u d knold ms r � hm�
nos hb r �hr �b nms pnkkhmf�khfgs � fthchmf)�knb Okhr Os hnm)�enb tr r hmf�
d s b ( �Os �sgd �r ta,vOu d kd mfsg�r b Okd -�Lmd �p d Or nm�enp �sghr �hr �sgOs �
d kd b s pnmhb r �hr �mnv�p d Ob ghmf�Om�hms p hmr hb �khlhs �p d kOs d c�sn�sgd �
s hld �enp �s pOmr onp s �ne�mtld p hb Ok�hmenp lOs hnm�epnl�nmd �onhms �
sn�Omnsgd p �hm�sgd �opnb d r r np-�A hfgs )�vghb g�s pOu d kr �ltb g�eOr s ,
d p �sgOm�d kd b s pnmr )�b ntkc�opnu hcd �O�r nkts hnm�sn�sghr �opnakd l�
he �hs �ad b nld r �onr r hakd �sn�lOi d �nos hb Ok�b nlonmd ms r �Os �sgd �
r b Okd �ne�r d u d pOk�s d mr �ne�mOmnld s p d r )�sgOs �hr �r lOkkd p �sgOm�sgd �
khfgs �vOu d kd mfsg-

 A d x n mc� r t a,vX u d id mfs g� n os hb r )� b n ms q n i� n e � s gd �
in b X ihr X s hn m�n e �r s q n mf�d id b s q n lX fmd s hb �é�d icr �r gn t ic�X ir n �
id X c�s n �cd u d in old ms �n e �t is q X , r d mr hs hu d �n os hb X i�r od b s q n r ,
b n ox �s d b gmhpt d r )�hm�oX q s hb t iX q �R t q e X b d �D mgX mb d c�P X lX m�
R b X s s d q hmf�’ R D P R ( -

Ehf-0�9�Sgd�rxrsdl�rstchdc+�vhsg�c;/-4�"l+�g;0/-4+�
v;/-1�"l

 
� Fm�s ghr �b n ms d w s )�vd �gX u d �cn md �X �s gd n q d s hb X i�r s t cx �
n e � s gd � u d q x � r hloid � ld s X iihb � r x r s d l� q d oq d r d ms d c� hm� E hf,
t q d � 0 � b n mr hr s hmf� n e � s vn �cd d o� q d b s X mft iX q � b X u hs hd r �vhs g�
r t a,vX u d id mfs g� n od mhmfr -�Ugd m� hiit lhmX s d c�ax � X m� hm,
b hcd ms � vX u d � vhs g� hs r � d id b s q hb � é�d ic� hm� s gd � oiX md � n e � hmb h,
cd mb d )� s ghr � r x r s d l� r t r s X hmr � d id b s q n lX fmd s hb � q d r n mX mb ,
d r )� s gd � r t q e X b d � oiX r ln mr )� vghb g� hmct b d � in b X ihr X s hn m� n e �
s gd � d id b s q n lX fmd s hb � d md q fx � X s � s gd � r x r s d l&r � r t q e X b d � n q �
hm� hs r � b X u hs hd r -� Fm� s gd � iX s s d q � b X r d )� s gd � é�d ic� hr � d fi� d b s hu d ix �
b n mé�md c� X mc� b n mb d ms q X s d c� hm� u n it ld r � hmed q hn q � s n � s gX s �

X iin vd c� e n q � s gd � hmb hcd ms � ihfgs -� Fm� X cchs hn m)� s gd � d id b s q n ,
lX fmd s hb � d md q fx � in b X ihr d c� hm� d X b g� b X u hs x � hr � X an t s � 2 . . �
s x od r � ln q d � hms d mr d � s gX m� s gd � hmb hcd ms � d md q fx -� I X r s )� vd �
gX u d �r gn vm�s gX s �s gd �in b X ihr X s hn m�on r hs hn m�hr �b n ms q n iiX aid �
ax �X cchmf�X �r d b n mc�hmb hcd ms �vX u d )�cd ogX r d c�ax �*�vhs g�
q d r od b s �s n �s gd �é�q r s �vX u d �’ E hft q d �1 ( -

Ehf-1�9�LZo�ne�“�dkc�hmsdmrhsx�mdZq�sgd�rtqeZbd-�Sgd�“�dkc�bZm�ad�kn,
bZkhrdc�hm�nmd�nq�sgd�nsgdq�bZuhsx�ax�sgd�bgnhbd�ne�cdogZrhmf�*)
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– �~ Bn ms q n kkhmf�r s q n mf�d kd b s q n l] fmd s hb �«�d kcr �] s �r t av] u d kd mfs g�r b ] kd r •
I -�K d �O d q b gd b +�O -�Pt ç ld q ] hr +�@-�A ] q a] q ] +�S -�K n od y , Q hn r +�O gx r -�Q d u -�K d s s �8 6 +�
/ 2 5 3 / 4 �’ 1 / / 5 (
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Tr hmf�W�Q ] x r �s n �n ar d q u d �b ] s ] kx r hr �n m�fn kc�
m] mn o] q s hb kd r

� Hm� gdsdqnfdmdntr� bZsZkxrhr+� oqnbdrrdr� hmunkuhmf�
mZmnldsqd�rhyd�oZqshbkdr�gZud�addm�jmnvm�enq�Z�knmf�shld-�
Ats�rstchdr�Zs�sghr�rbZkd�gZud�qdbdhudc�Z�mdv�hlodstr�eqnl�sgd�
chrbnudqx�sgZs�fnkc+�hm�sgd�enql�ne�mZmnoZqshbkdr�rtoonqsdc�
nm�Zm�nwhcd+�bZm�adbnld�Z�udqx�Zbshud�bZsZkxrs�Zksgntfg�
mnqlZkkx�hs�hr�pthsd�hmdqs-�Hs�bZm�sgdm�bZsZkxrd�sgd�nwhcZshnm�
ne�bZqanm�lnmnwhcd�rsZqshmf��eqnl�qnnl�sdlodqZstqd-�Sgd�
nqhfhm�ne�sghr�adgZuhntq�hr�bnmsqnudqrhZk�ats�bkdZqkx�sgd�rhyd�
Zmc�sgd�lnqognknfx�ne�sgd�mZmnoZqshbkdr�okZx�Z�bqtbhZk�
qnkd9�Zbshud�Zsnlr�nm�qhcfdr+�nm�sgd�odqhldsdq+--�ptZmstl�
deedbsr�ctd�sn�sgd�rlZkk�rhyd+--�dsb-

� S n � d kt b hc] s d � r t b g� pt d r s hn mr +� md v� d w od q hld ms ] k�
s n n kr � lt r s � ad � cd u d kn od c� s n � b n ms q n k� s gd � oq n ct b s hn m�
n e � ln cd k� b ] s ] kx r s r � ’ s gd hq � r hy d +� s gd hq � chr od q r hn m+� s gd hq �
hms d q ] b s hn m� vhs g� s gd � r t ar s q ] s d ---( � ] mc� ] kr n � s n � n ar d q u d �
s gd hq � d u n kt s hn m�ct q hmf�s gd �q d ] b s hn m�hs r d ke-�S gd �] oo] q ] s t r �
vd � g] u d � b n mr s q t b s d c� hr � ] � q d r on mr d � s n � s gd r d � n aid b s hu d r -�
A t hks �s n �n od q ] s d �n m�s gd �A L2 1 �ad ] l�khmd �] s �s gd �D t q n od ] m�
R x mb gq n s q n m� Q ] ch] s hn m� E ] b hkhs x � ’ D R Q E ( +� hs � d m] akd r �
cd on r hs hn m� n e � m] mn b ] s ] kx r d q r � t mcd q � t ks q ] � ghfg� u ] b t t l+�
e n kkn vd c� ax � s gd hq � s q ] mr e d q � hms n � ] � q d ] b s hn m� b g] lad q-�
S gd q d +� s gd hq � b ] s ] kx s hb � ] b s hu hs x � hr � ln mhs n q d c� vghkd � cn hmf�
ld ] r t q d ld ms r � n e � Fq ] y hmf� Hmb hcd mb d � W, Q ] x � Che e q ] b s hn m�
’FHWC(� ] mc� Fq ] y hmf� Hmb hcd mb d � R l] kk� @mfkd � W, Q ] x �
R b ] s s d q hmf� ’FHR @WR ( -� S gd r d � s vn � s d b gmhpt d r � oq n u hcd �
r s q t b s t q ] k� hmen q l] s hn m� ’ b q x r s ] kkn fq ] ogx +� hms d q ] s n lhb �
chr s ] mb d r +� d ohs ] w h] k� q d k] s hn m( � ] mc� s gd � ln q ogn kn fx � ’ r hy d +�
r g] od �] mc�chr s q hat s hn m�n e �] ffq d f] s d r ---( -�S gd �b n lahm] s hn m�
n e � s gd r d � s vn � ] ooq n ] b gd r +� vhs g� s gd � ] ccd c� on r r hahkhs x �
n e � ~ on r s ,ln q s d l•� @t fd q � r od b s q n r b n ox +� b n mr s hs t s d r � ] m�
hmr s q t ld ms �vghb g�hr �t mhpt d �] s �s gd �oq d r d ms �s hld -

Ehf-�09�?ooZqZstr�enq�lnmhsnqhmf�mZmnoZqshbkd�qdZbshnmr�hm�qdZk�
shld�ax�cheeqZbshnm�Zmc�rbZssdqhmf�ne�W,QZxr

� S gd �n u d q ] kk�od q e n q l] mb d �n e �n t q �] oo] q ] s t r �g] r �mn v�
ad d m� u ] khc] s d c�ax � ] m� hm, r hs t � r s t cx �ax �W, Q ] x �Che e q ] b s hn m�
] mc�ax �FHR @WR �n e �fn kc�m] mn o] q s hb kd r �cd on r hs d c�n m�’ 0 0 / ( �
n q hd ms d c�S hN

1
�t mcd q �n w x fd m�] mc�ct q hmf�s gd �n w hc] s hn m�n e �

BN-�S ghr �r s t cx �v] r �cn md �e n q �] ln t ms r �n e �fn kc�d pt hu ] kd ms �
s n � u ] q hn t r � s ghb j md r r d r � ad s vd d m� / -1 4 � ] mc� 2 -/ � ] s n lhb �
ln mn k] x d q r -�Cd r ohs d � s gd � u d q x � r l] kk�pt ] ms hs x � n e � q d ] b s hu d �
] s n lr �vd � b n t kc�cd s d b s � s gd � n w hc] s hn m� q d ] b s hn m� n e �BN� ] s �
1 / / ± B+�ax �l] r r �r od b s q n ld s q x -
� E hft q d � 1 � r gn vr +� e n q �m] mn o] q s hb t kd r � n e �ld ] m� r hy d �
0 �] mc�1 �ml+�s gd �u ] q h] s hn m�n e �s gd �che e q ] b s d c�hms d mr hs x �] r �] �
e t mb s hn m�n e �s gd �q n s ] s hn m�] mfkd �] q n t mc�] �fn kc�che e q ] b s hn m�
od ] j -� D w on r t q d � s n � 1 / � lA ] q � n e � n w x fd m� hmct b d r � ] � «�q r s �
b g] mfd � n e � s gd � r od b s q t l� n as ] hmd c+� r gn vhmf� s gd q d � hr �
hms d q ] b s hn m� n e � n w x fd m� vhs g� s gd � m] mn o] q s hb kd r -� Q d ] b s hn m�
n b b t q r �vgd m�BN�hr �] ccd c�’gd q d �/ -0 �lA ] q ( -�Hs �fhu d r �] �lt b g�
ln q d � r hfmh«�b ] ms � b g] mfd � n e � s gd � r od b s q t l+� hmchb ] s hmf� ] �
q d r s q t b s t q hmf�n e �s gd �m] mn o] q s hb kd r -�@m] kx r hr �n e �s gd �vgn kd �
r d s � n e � c] s ] � hr � ad hmf� b ] q q hd c� n t s � hm� n q cd q � s n � t mcd q r s ] mc�
s gd �r hfmh«�b ] mb d �n e �s gd r d �u ] q h] s hn mr -�
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– ��~@��md v�q d ] b s n q �cd chb ] s d c�s n �hm�n od q ] mcn �r s t chd r �n e �ln cd k�b ] s ] kx r s r �ax �ld ] mr ��n e �r t q e ] b d �
W, Q ] x �Che e q ] b s hn m� ] mc�Fq ] y hmf�hmb hcd mb d � r l] kk� ] mfkd �W, q ] x � r b ] s s d q hmf•+� � �L-,B-� R ] hms , K ] fd q+�
@-�A ] hkkx +� O -� Cn kkd +� Q -� A ] t cn hmf, R ] u n hr +� � O -� S ] t mhd q+� R -� F] q ] t cç d +� R -� Cn t hkkd s +� N-� Fd ] x ln mc+�
R -�Bt b b ] q n +�F-O d q q n t w +�N-�S hr r n s +� I -, R -�Lhb g] +�N-�Tkq hb g+� E -� Q hd t s n q c+� Q d u -� � R b h-� Hmr s -� 6 7 +� / 7 2 8 / 1 �
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Ud q x �ghfg�oq d r r t q d �u ] ku d r �
] mc�f] r �oq d r r t q d �q d ft k] s n q

� ?�mdv�eZlhkx�ne�udqx�ghfg�oqdrrtqd�uZkudr+�nodqZshmf�to�
sn�0-4�FOZ�’04///�AZqr(�gZr�addm�cdudknodc�qdbdmskx�hm�sgd�eqZld,
vnqj�ne�sgd�BMQR%r�Ghfg�Oqdrrtqd�Mdsvnqj�’Q°rdZt�cdr�GZtsdr�
Oqdrrhnmr+�gsso9..vvv-qdrdZtgo-nqf(-�Sghr�vnqj�hr�sgd�rtaidbs�ne�Z�
oZsdms�ZookhbZshnm-

� S gd � n od q ] s hmf� oq hmb hokd � n e � s gd r d � hr n k] s hn m� u ] ku d r � hr �
a] r d c� n m� s gd � d k] r s hb � cd e n q l] s hn m� n e � l] s d q h] kr � ] mc� hr � b g] q ,
] b s d q hy d c� ax � s gd � ] a,
r d mb d � n e � ] � r s t e «�mf�
an w � ’ / , q hmf(� ’ E hft q d �
0 ( -� S ghr � hr � ] � q d ] k� hm,
mn u ] s hn m� e n q � ] � fi�d w ,
hakd � r d ] k� ad s vd d m�
s gd � u ] ku d � an cx � ] mc�
s gd � md d ckd � r s d l� hr �
] � r n t q b d � n e � l] mx �
oq n akd lr �9�kd ] j r +�on k,
kt s hn m+� ] mc�] an u d � ] kk�
k] q fd � e q hb s hn m� d e e d b s r �
q d pt hq hmf� ghfg� en q b d �
e n q � n od mhmf. b kn r hmf�
s gd � u ] ku d � ] mc� b ] t r ,
hmf�k] q fd �gx r s d q d r hr -

Hm� s gd � 0 -4 �FO ] � u d q ,
r hn m+� s gd � n od mhmf�
] mc� b kn r hmf� n od q ] ,
s hn mr � ] q d � od q e n q ld c�
u h] � ] � gx cq ] t khb � oq d r ,
r t q d +� ] kkn vhmf� u d q x �
«�md � ] cit r s ld ms � n e �
fi�n v� q ] s d r � at aakd � ax �
’at aakd � ] s � 0 �FO ] ( -�S gd �
/ -1 �FO ] �u d q r hn m+�] �kd r r � d w od mr hu d �b n mr s q t b s hn m+�hr �n od q ] s d c�ax �
b n loq d r r d c� ] hq � ’ 4 � A ] q r ( -� @� khb d mr hmf� ] q q ] mfd ld ms � g] r � ad d m�
b n mb kt cd c� vhs g� @t s n b k] u d � D mfhmd d q r � E q ] mb d � e n q � l] q j d s hmf�
s ghr � cd u hb d -� @� s ghq c+� / -4 � FO ] � u d q r hn m� hr � ] kr n � ad hmf� cd u d kn od c-�
A ] r d c�n m�s gd �r ] ld �oq hmb hokd r �] r �s gd �/ -1 �FO ] �u d q r hn m+�hs �vhkk�] k,
kn v�ghfgd q �fi�n v, q ] s d r -
�

� S gd �mn u d k�b g] q ] b s d q hr s hb r �n e �s gd �/ -1 �FO ] �u ] ku d �’ E hft q d �
1 ( �g] u d �kd c�s n �cd u d kn old ms �n e �] m�] oo] q ] s t r �e n q �q d ft k] s hmf�f] r �
oq d r r t q d r �/ , 1 / / / �A ] q r �] ookhd c�s n �] �b g] lad q �n e �r l] kk�u n kt ld �
’ 4 b l2 ( � e n q � r t od q b q hs hb ] k� fi�t hc�vn q j -� Hs � hr � t r d c�s n � ] t s n l] s d � s gd �

b g] mfd r � n e � s gq d r gn kc� oq d r r t q d � e n q � hms d q m] kkx � gd ] s d c� ] t s n ,
b k] u d r �t r d c�n m�ad ] l�khmd r �A L2 / �] mc�2 1 �] s �s gd �D t q n od ] m�R x m,
b gq n s q n m�Q d r d ] q b g�E ] b hkhs x -
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� S gd � r x r s d l� hr � oq d r d ms d c� ] r � ] m� d ] r hkx � s q ] mr on q s ] akd �
0 8 � hmb g� q ] b j � b n ms ] hmhmf� ] � s vn � kn n o� oq n fq ] lld q , q d ft k] s n q+�
vghb g� fhu d r � oq d b hr d � b n ms q n k� n e � s gd � oq d r r t q d � hmr hcd � ] m� d w ,
od q hld ms �b g] lad q � u h] � ] � r d q hd r � n q � d s gd q md s � khmj -�S gd �oq d r r t q d �
fd md q ] s n q �hr �] �ld s ] kkhb �ld laq ] md �b n loq d r r n q+�vghb g�b ] m�ad �
d hs gd q �omd t l] s hb � n q � d kd b s q hb -�S gd �«�q r s � b n ms q n k� � kn n o�q d ft k] s d r �
s gd � oq d r r t q d � hm� ] � 4 / � b l2 �at e e d q � q d r d q u n hq+� vghb g� g] mckd r � s gd �
q ] ohc� oq d r r t q d � u ] q h] s hn mr � s g] s � n b b t q � vgd m� s gd � b n loq d r r n q �
r s ] q s r �t o-�@�chr b g] q fd �u ] ku d +�l] mt ] k�n q �] t s n l] s hb +�hr �ok] b d c�n m�
s gd �q d r d q u n hq -�S gd �mn u d k�] r od b s �n e �s gd �] oo] q ] s t r �b n mb d q mr �s gd �
r d b n mc�b n ms q n k�kn n o-�S vn �/ -1 �FO ] �u ] ku d r �’ n md �s n �hmb q d ] r d �s gd �
oq d r r t q d �] mc�s gd �n s gd q �s n �cd b q d ] r d �hs ( �] q d �n od q ] s d c�ax �] hq �fi�t w ,
d r � b n lhmf�e q n l�b n loq d r r d c�] hq+�oq n on q s hn m] k� u ] ku d r � ’ 4 �a] q r ( +�
vghb g�] q d �s gd lr d ku d r �d kd b s q hb ] kkx �cq hu d m�ax �s gd �oq n on q s hn m] k�
] m] kn ft d �r hfm] k�’ / . 0 / U( �n e �s gd �q d ft k] s n q -�Nos hlhr ] s hn m�n e �s gd �
O HC�o] q ] ld s d q r �n e �s ghr �r d b n mc�kn n o�] mc�s gd �] ar d mb d �n e �u ] ku d �
gx r s d q d r hr � oq n u hcd � d w s q d ld kx � «�md � oq d r r t q d � b n ms q n k� ’ / -0 �A ] q r �
] s �1 / / / �A ] q r ( -�R x r s d l�r d b t q hs x �hr �d mr t q d c�d kd b s q n mhb ] kkx �t r hmf�
s gd �q d ft k] s n q &r �] k] q l�q d k] x r �’ t ood q �s gq d r gn kc�n q �u ] q h] s hn m�q ] s d ( �
] mc�ogx r hb ] kkx �ax �] �q t os t q d �chr j �hmr s ] kkd c�hm�s gd �oq d r r t q d �b hq ,
b t hs -�R hmb d �s gd �q d ft k] s n q �hr �] �oq n fq ] lld q+�s gd �r x r s d l�b ] m�fd m,
d q ] s d �u ] q hd c�oq d r r t q d �b x b kd r �hmb kt chmf�q ] lor �’ s x ohb ] k�q ] s d r �4 / �
A ] q r . lhmt s d ( +�ok] s d ] t w �] mc�it lor -
� S gd �] r r n b h] s d c�s d b gmn kn fx �hr �ad hmf�s q ] mr e d q q d c�s n �hm,
ct r s q x �ax �] q q ] mfd ld ms �vhs g�@t s n b k] u d �D mfhmd d q r �E q ] mb d -�S ghr �
vn q j � v] r � ] kr n � oq d r d ms d c� ] s � s gd � 4 s g� e n q t l� n m� Ghfg� O q d r r t q d �
S d b gmn kn fx �] s �Ln ms ghd t w �hm�Mn u d lad q �1 / / 5 -

E t o s g d o �o d Z c hm f �8
– ��Ud q x �ghfg�oq d r r t q d �u ] ku d r +�O ] s d ms �BMQ R �m± �/ 3 �/ / �4 0 4 -
– ��Q -�A q t x é q d +�@-�O q ] s +�I -K -�G] y d l] mm�Cd u hb d �e n q �q d ft k] s hmf�] �oq d r r t q d �] ookhd c�s n �] �
r l] kk�u n kt ld �’ 4 �b l2 ( �n od q ] s hmf�e q n l�/ �ä �1 / / LO ] �n e �Gd kht l+��4 s g�e n q t l�n m�Ghfg�
O q d r r t q d �S d b gmn kn fx +�Ln ms ghd t w ��’Mn u d lad q �1 / / 5 (
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S gd �Mç d k� Hmr s hs t s d � hr � ] � k] an q ] s n q x � n e � s gd �BMQ R � ] mc� s gd � I n r d og� E n t q hd q �Tmhu d q r hs x � n e �Fq d mn akd +�
vhs g� hms d q chr b hokhm] q x � q d r d ] q b g� ] b s hu hs hd r � r o] mmhmf� l] mx � «�d kcr � n e � ogx r hb r � ] mc� b gd lhr s q x -� Hs r �
b q d ] s hn m� n m� 0 r s � I ] mt ] q x � 1 / / 6 � e n kkn vd c�] � x d ] q � 1 / / 5 �l] q j d c�ax � s gd �ghfg�r b hd ms h«�b �oq n ct b s hu hs x �
n e �n t q �b n mr s hs t d ms �q d r d ] q b g�s d ] lr �] mc�ax �s gd �cd chb ] s d c�d e e n q s r �n e �] kk�n t q �r s ] e e �s n �at hkc�] �aq hfgs �
e t s t q d �e n q �s gd �md v�Hmr s hs t s d -

S gd �q d l] q j ] akd �b q d ] s hu hs x �n e �n t q �q d r d ] q b gd q r �hm�1 / / 5 �b n ms hmt d r �] �kn mfr s ] mchmf�s q ] chs hn m-�Hs �hr �] �
q d ] k�okd ] r t q d �s n �on hms �s n �n t q �q d b d ms �ot akhb ] s hn mr �hm�~ M] s t q d •�] mc�~ R b hd mb d •�’ s d m�n u d q �s gd �k] r s �0 1 �
ln ms gr ( �] mc�s gd �l] mx �kd s s d q r �] mc�] q s hb kd r �hm�n s gd q �ghfgkx , q d f] q cd c�in t q m] kr -

Nt q �e t s t q d �vhkk�] kr n �ad �r g] od c�ax �n t q �q d b d ms �r t b b d r r d r �hm�vhmmhmf�e t mchmf�en q �r t b g�hms hs h] s hu d r �
] r � ] � l] in q � m] mn r b hd mb d r � o] q s md q r gho� vhs g� s gd � Bn llhr r ] q h] s � ä � k&D md q fhd � @s n lhpt d � ’BD @(+� s gd �
I n r d og�E n t q hd q �Tmhu d q r hs x �’TI E ( �] mc�s gd �Fq d mn akd �Hmr s hs t s d �n e �S d b gmn kn fx �’ HMO F(+�] mc�e n q �] �kn mf�
s d q l�q d r d ] q b g�b n ms q ] b s �ad s vd d m�s gd �E q d mb g�fn u d q mld ms �] mc�s gd �Q gè md ,@kod r �Q d fhn m-

I t r s � ] r � hlon q s ] ms � g] r � ad d m� n t q � o] q s � hm� kd ] cd q r gho+� b n n q chm] s hn m� ] mc� oq n ln s hn m� n e � r b hd mb d +�
d r od b h] kkx � hm� b n mcd mr d c� l] s s d q � ogx r hb r +� ] s � s gd � kn b ] k+� q d fhn m] k� ] mc� m] s hn m] k� kd u d kr +� ] mc� n t q �
n q f] mhr ] s hn m� n e �m] s hn m] k� ] mc�hms d q m] s hn m] k� b n med q d mb d r -� K d s � t r � b hs d � n t q � Hmr s hs t s d &r �l] in q � q n kd � hm�
s gd �md v�Q gè md ,@kod r �Bd ms q d �n e �Bn lod s d mb d �~ B&M] mn •+�] m�hlon q s ] ms �b n lon md ms �n e �s gd �~ M] mn R b h,
D t q n od ] m�Q d r d ] q b g�@q d ] •�oq n id b s +�] clhmhr s d q d c�ax �s gd �BMQ R �e n q �s gd �D t q n od ] m�Tmhn m&r �D Q @,MD S �
R b gd ld -

S gd �gt l] m�ln s n q � n e � s gd r d � u ] q hd c�] b s hu hs hd r � hr � s gd �pt ] khs x � n e � ] kk� n t q � r s ] e e � hm�s gd � d ms hq d � q ] mfd �n e �
s gd hq �che e d q d ms �oq n e d r r hn mr -�S gd � hms d q m] s hn m] k� q d ot s ] s hn m� n e � s gd �Mç d k� Hmr s hs t s d &r � q d r d ] q b g� s d ] lr �
vhkk�b n ms hmt d �s n �fi�n t q hr g+�cq ] vhmf�n m�s gd hq �r s q d mfs gr �hm�e n t q �j d x �cn l] hmr �9
� � – ����hmmn u ] s hn m�hm�d w od q hld ms ] s hn m�] s �s gd �d w s q d ld �khlhs r �n e �s gd �s d b gmhb ] kkx �on r r hakd
� � – ���l] r s d q x �n e �s gd �l] mt e ] b s t q d �n e �s gd �l] s d q h] kr +�n aid b s r �] mc�cd u hb d r �s n �ad �r s t chd c��
� � �����d w od q hld ms ] kkx
� � – ���s gd n q x �b kn r d kx �] r r n b h] s d c�vhs g�d w od q hld ms +�at s �] kr n �ohn md d q hmf�hm�t ms n t b gd c�«�d kcr
� � – ���e n r s d q hmf�o] q s md q r ghor �vhs g�hmct r s q x �] s �an s g�m] s hn m] k�] mc�hms d q m] s hn m] k�kd u d kr -

R hs t ] s d c�n m�s gd �BMQ R ,TI E �b ] lot r �hm�Fq d mn akd &r �~ O n kx fn md �R b hd ms h«�pt d •+� s gd �Mç d k� Hmr s hs t s d �g] r �
cd d o�q n n s r �hm�s gd �d w b d os hn m] k�r b hd ms h«�b �d mu hq n mld ms �oq n u hcd c�ax �s gd �b hs x &r �l] mx �n s gd q �q d r d ] q b g�
b d ms q d r +�mn s ] akx � s gd � I n r d og� E n t q hd q �Tmhu d q r hs x +� s gd �Fq d mn akd � Hmr s hs t s d � n e �S d b gmn kn fx +� s gd �BD @+�
] mc� s gd � s vn � D t q n od ] m� K ] q fd � Hmr s q t ld ms r � 9� s gd � Hmr s hs t s � K ] t d � K ] mfd u hm� ’ HK K ( � ] mc� s gd � D t q n od ] m�
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