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=hp �K hjt hcd �=cq ] mb d c�R d b fmn kn Zhd r �] s �P ] r r d m] Zd �md ] p �Ep d mn akd -�R fd �=hp �K hjt hcd �s d ] lr �
ld s �l] gn p � s d b fmn kn Zhb ] k� � b f] kkd mZd r � s n �cd q d kn o� ] �chkt s hn m+ p d e p hZd p ] s n p �vhs f� t mop d b d +
cd ms d c�od p e n p l] mb d �e n p �d la] p i ld ms �n m�s fd �H k] mb i �lhr r hn m-

=r �b n mb d p mr �s fd �Gd p r b fd k�lhr r hn m’�s fd �K n v�R d lod p ] s t p d �P d p q hb d �n e �s fd �Fmr s hs t s d �n e �M] mn +
ofw r hb r �] mc�Bp w n Zd mhb r �0 FM=B(�] s �s fd �BA =&r �Ep d mn akd �r hs d �cd q d kn od c�] mc�b n mr s p t b s d c�s fd �
s vn � . -2 � J � b n n kd p r -�=hp � K hjt hcd �cd r hZmd c�] mc�b n mr s p t b s d c�] � kd ] i + s hZfs � 0 3 . . � khs p d � b ] o] b hs w �
p d r d p q n hp �s n �r s n b i �s fd �r t od p ff�t hc�fd kht l�s f] s �b n n kr �s fd �Gd p r b fd k�s d kd r b n od ’�] r �vd kk�] r �s fd �
] r r n b h] s d c�s fd p l] k�r fhd kcr �] mc�n s fd p �b p w n Zd mhb r �d jt hold ms �n m�s fd �r o] b d b p ] e s -

Nm�03sg�LXx�1//6�Xm�=qhXmd�4�qnbjds�kXtmbgdc�sgd�CtqnodXm�RoXbd�=fdmbx%r�OkXmbj�Xmc�Gdq,
rbgdk�rbhdmshz�b�roXbdbqXes�hmsn�nqahs-�Bqxnfdmhb�bnlonmdmsr�Xmc�rxrsdlr�cdudknodc�ax�Fqdmnakd�qd,
fhnm�qdrdXqbg�Xmc�sdbgmnknfx�sdXlr�Xqd�drrdmshXk�dkdldmsr�hm�sgdrd�svn�lhrrhnmr-�Sgd�svn�roXbdbqXes�
Xqd�mnv�lnuhmf�hmcdodmcdmskx�sn�sgdhq�z�mXk�nqahsr�Xs�sgd�Rdbnmc�KXfqXmfd�Onhms�’K1(-�RhstXsdc�0-4�
lhkkhnm�jl�eqnl�sgd�CXqsg�hm�sgd�chqdbshnm�XvXx�eqnl�sgd�Rtm)�sgd�K1�Onhms�hr�Xm�hcdXk�onrhshnm�enq�
nardquXshnmr�ne�sgd�Tmhudqrd-

=p h] md �1 �k] t mb fd p
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HcdYk�dkdb s q hb Yk�lYsdq hYkr )�r todq b nmctb snq r �nz�dq �b nmr hcdqYakd�
onr r hahkhs hdr � enq � dmdqfx � Yookhb Ys hnmr -� Sgd� ghfg� b q hs hb Yk� sdlodqY,
stqd�r todq b nmctb snq r )�q dpthq hmf�nmkx �khpthc�mhs qnfdm�b nnkhmf)�Yqd�
adhmf�r stchdc�vnq kcvhcd�hm�uhdv�ne�r tb g�Yookhb Ys hnmr -�Sgd�lYhm�
dz�nq s � Ys � oqdr dms � hr � nm� dohsYw hYkkx � cdonr hsdc� XAYBtN� lYsdq hYkr -�
Ntq �b nmr nq s htl)�hmunkuhmf�sgd�MCT8MP�BnloYmx )�Y�vnq kc�kdYcdq �
hm�dkdb s q hb Yk�b Yakdr )�hr �udq x �vdkk�okYb dc�hm�sghr �ghfgkx �b nlods hs hud�
ff�dkc-�Enkknvhmf�to�nm�ntq �oqduhntr �vnq i�nm�0mc�fdmdqYs hnm�fi�Ys �
sYod� b nmctb snq r )� vd� gYud� hmudmsdc� Y� mdv� b nmb dos � ne� Y� qntmc�
r todq b nmctb snq � vhqd�  oYsdms � Yookhb Ys hnmr � hm� 0..2(-� Sgd� qntmc�
fdnlds q x �Ymr vdq r �qdYk�vhr gdr �ne�sgd�cdr hfmdq r �ne�r todq b nmctb s ,
hmf�r x r s dlr � flY�XABN�qntmc�vhqd�sdb gmnknfx �vntkc�ad�sgd�Gnkx �
FqYhk“)�I -�Pb gvYq s y �ne�sgd�MYs hnmYk�Ghfg�Ehdkc�LYfmds �J YanqYsnq x )�
okdmYq x �Yccqdr r �Ys �LS0.)�OghkYcdkoghY)�Pdosdladq �0..2(-

�R fd �k] r s �d hZfs �w d ] p r �f] q d �r d d m�s fd �d ld p Zd mb d �n e �s vn �r t b +
b d r r hq d �Zd md p ] s hn mr � n e � r s p n mZ� ] mc� ff�d u hakd �GhZf�R d lod p ] s t p d �
P t od p b n mct b s n p � 0GR P ( � vhp d r � e n p � d kd b s p hb ] k� b t p p d ms � s p ] mr on p s -�
R fd � 3�p r s �Zd md p ] s hn m’� @ hP p B] Bt N�op n ct b d c�aw � s fd �z H n vcd p � Fm�
R t ad •�0 H FR ( �s d b fmn kn Zw ’�hr �mn v�ad hmZ�t r d c�hm�k] p Zd �r b ] kd �cd l+
n mr s p ] s hn m� op n gd b s r 9� n t p � b n mr n p s ht l� o] p s md p � MA W=MP � f] r � hm+

r s ] kkd c�] �4 . . �l�kn mZ’�/ 2 7 �i U’�2 +of] r d �b ] akd �hm�] �r t at p a] m�Md v�
X n p i �md s vn p i �e d d chmZ�2 . . �. . . �fn ld r �0 D hZ-/ ( -

R fd � r d b n mc� Zd md p ] s hn m� n e � GR P � b ] akd r � t r d r � s fd � z Bn ] s d c�
Bn mct b s n p r •� s d b fmn kn Zw ’� hm� vfhb f� s fd � r t od p b n mct b s n p � hr � ] �
ah+ ] u h] kkw � s d u s t p d c�X @ BN-�R fd � b n mct b s n p � hr �l] cd � t o� n e � ] � r t b +
b d r r hn m�n e �ah+ ] u h] kkw �s d u s t p d c�n u hcd �at ü�d p �k] w d p r �n m�] �on kw b p w r +
s ] kkhmd ’�s d u s t p d c�ld s ] k�e p ] ld �0 D hZ-�0 ( -�R fd r d �k] w d p r �] p d �s fd m�b n q +
d p d c� aw � s fd �X @ ] Bt N� r t od p b n mct b s n p � k] w d p ’� vfhb f� hr � b n q d p d c�
aw � ] � r hkq d p � k] w d p ’� ] mc� 3�m] kkw � ] � b n ood p � k] w d p � s f] s � e ] b hkhs ] s d r � ] r +
r d lakw �] mc�hlop n q d r �s fd p l] k�s p ] mr e d p -�R fd �s d p l�z s d u s t p d •�cd r +
hZm] s d r �] �mn m+ p ] mcn l’�op d e d p d ms h] k�n p hd ms ] s hn m�n e �s fd �Zp ] hmr �n e �
s fd �on kw b p w r s ] kkhmd �l] s d p h] k-

 nis F a s r �
– �I d ] m+ K n t hr �P n t ad w p n t u ’��A l] hk�9�gd ] m+ kn t hr -r n t ad w p n t u ?Zp d mn akd -b mp r -e p �’�R d kd ofn md �9�)2 2 �3 6 4 7 7 8 . 2 8 -
– �H fhkhood �Nchd p’��A l] hk�9�ofhkhood -n chd p ?Zp d mn akd -b mp r -e p �’�R d kd ofn md �9�)2 2 �3 6 4 7 7 8 . 2 3 -

C to s gd o �o d F chie
– �z K ] fi Y p fiN2 �r hmZkd �at ü�d p �k] w d p �e n p �X @ BN�Q =@ hR P �b n ] s d c�b n mct b s n p r ’�R -�B] p n ü�’�P -�Ln p kd mr ’�=-�=ap t s hr ’�L-�Cd b p n t u ’�H -�Bf] t cn t é s ’�K -�
H n p b ] p ’�Y -P ] ks w s d ’�B-�I hld md y ’�H -�Nchd p’�D -�Vd hr r ’�P t od p b n mc-�P b h-�R d b fmn k-�0 / ’�. 6 1 . . 6 �0 0 . . 7 ( -
– �z P t b b d r r e t k�b n llhr r hn mhmZ�n e �s fd �vn p kc&r �3�p r s �s p ] mr lhr r hn m�q n ks ] Zd �r t od p b n mct b s n p �b ] akd �hm�K n mZ�Fr k] mc•’�Md u ] mr �b n lo] mw �
op d r r �p d kd ] r d ’�H ] p hr ’�I t md �0 1 ’�0 . . 7 ’�r d d �fs s o9, , vvv-md u ] mr -b n l�-

R fd p d �] p d �s vn �l] hm�on r r hakd �] p b fhs d b s t p d r �e n p �n as ] hmhmZ�] �
z ah+ ] u h] k� s d u s t p d •� n e � s fd � b p w r s ] k� Zp ] hm� ] khZmld ms r � hm� s fd � r t od p +
b n mct b s hmZ�b d p ] lhb �k] w d p ’�md b d r r ] p w �e n p �o] r r hmZ�] �fhZf�b t p p d ms �
e p n l� Zp ] hm� s n � Zp ] hm-� Nmd � ] oop n ] b f� t r d r � ] � ofw r hb ] k� ld s fn c9�
H t kr d c� K ] r d p � Cd on r hs hn m-� R fd � n s fd p � ] oop n ] b f� hmq n kq d r � ld s +
] kkt p Zhb ] k� op d o] p ] s hn m� n e � s fd � r t ar s p ] s d � ] mc� b fd lhb ] k� cd on r h+
s hn m�n e � s fd �at ü�d p r � ] mc�X @ BN� 3�klr -� Fm�s fd � k] s s d p �ld s fn c’�n md �
r s ] p s r �vhs f�] �s d u s t p d c�ld s ] kkhb �r t ar s p ] s d �0 s fd �z Q n kkhmZ�=r r hr s d c�
@ h] u h] kkw �R d u s t p d c�P t ar s p ] s d r •�n p �Q =@ hR P �] p b fhs d b s t p d ( �] mc�n md �
cd on r hs r � n u hcd r � n m� s fhr � r t ar s p ] s d � aw � q ] p hn t r � b fd lhb ] k� ld s f+
n cr -�Ep n vm�d ohs ] u h] kkw �vhs f�Zn n c�k] s s hb d �o] p ] ld s d p �l] s b fhmZ�
s n � s fd �ld s ] k’� s fd r d � n u hcd r � s p ] mr e d p � s fd �ld s ] k&r � hmhs h] k� s d u s t p d -�
R fd � ] b s t ] k� r t od p b n mct b s hmZ� k] w d p � hr � cd on r hs d c� aw � b fd lhb ] k�
ld s fn cr � 0Ld s ] k+ Np Z] mhb � Cd on r hs hn m� LNC� n p � Ld s ] k+ Np Z] mhb �
Bfd lhb ] k�U] on t p �Cd on r hs hn m�LNBUC(�n m�s fd � k] r s � n u hcd � k] w d p -�
D hm] kkw ’�s fd �t ood p �k] w d p r �0=Z’�Bt ( �] p d �cd on r hs d c�aw �LNBUC’�aw �
d q ] on p ] s hn m’�n p �d kd b s p n b fd lhb ] kkw -

Fm� Ep d mn akd ’� vd � ] p d � cd q d kn ohmZ� s fd � ld s ] kkt p Zhb ] k� ] mc�
b fd lhb ] k� s d b fmhjt d r ’� t r hmZ� ] � p n t mc’� s d u s t p d c’� ld s ] kkhb � r t o+
on p s �n e �0 ll�ch] ld s d p ’�vfn r d �s d u s t p d �hr �r b fd l] s hy d c�] s �p hZfs �
hm�D hZ-�0 -�=e s d p �cd on r hs hmZ�r d q d p ] k�k] w d p r �n e �K ] fi Y p fiN2 ’�s fd �ld s ] k�

s t ad �v] r �r t 7� � b hd ms kw �vd kk�op n s d b s d c�s n �p d b d hq d �] �ah+ ] u h] kkw �s d u +
s t p d c’�r t od p b n mct b s hmZ�X @ BN�k] w d p -�Vd �op n ct b d c�s fd �vn p kc&r �
3�p r s �p n t mc�GR P �vhp d r �hm�P d os d lad p �0 . . 7 -�

R fhr � op n gd b s � hr � r t oon p s d c� aw � s fd � Md v� ] mc� Q d md v] akd �
A md p Zhd r � Bn lod s hq d md r r � Bkt r s d p � n e � s fd � Q fn md +=kod r � Q d Zhn m�
0 R A MMA Q CFP ( ’�aw �] �D p d mb f�Zn q d p mld ms �z D TF•�=ookhd c�Q d r d ] p b f�
Zp ] ms ’�] mc�aw �s fd �A t p n od ] m�Tmhn m&r �z D A CA Q •�e t mc-

Ehf-0-�8s �kde s )�0mc�FdmdqYs hnm�GSP�sYodr �vhsg�Y�okYmYq �ah, Yw hYk�sdw ,
stqd�ne�cdonr hsdc�atz�dq � fqddm(�Ymc�XABN� aktd(�ff�klr -�8s �q hfgs )�
mdv�b nmb dos �ne�b x khmcq hb Yk�fdnlds q x �ah, Yw hYk�sdw stqd�tmcdq �cdudk,
noldms �ax �M1dk�Hmr s hstsd�Ymc�Mdw Ymr -�Ntq �oqnb dr r �x hdkcr �fqYhmr �
vhsg�mdYq ,oYqYkkdk�b q x r sYkknfqYoghb �nq hdmsYs hnmr �vgdqd�nmd�Yw hr �hr �
b knr d�sn�chqdb s hnm�y �Ymc�Y�r db nmc�Yw hr �b knr d�sn�qYchYk�chqdb s hnm�q-

R n v] p cr �] �md v�Zd md p ] s hn m�n e �fhZf�Sb �r t od p b n mct b s n p �vhp d r

Ehf-”�J hpthc�mhs qnfdm�b nnkdc)�”r s �FdmdqYs hnm)�Ghfg�SdlodqYstqd�
Ptodq b nmctb snq �onvdq �b Yakd�lYcd�ax �Mdw Ymr -
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Vgdm�Anrd,Dhmrsdhm�BnmcdmrXshnm�’ADB(�nbbtqr�enq�X�rwrsdl�
ne�oXqshbkdr)�Xkk�sgd�oXqshbkdr�bnmcdmrd�hmsn�X�tmhptd�lXbqnrbnohb�
fqntmc�rsXsd�fnudqmdc�aw�X�rhmfkd�vXud�etmbshnm-��Sghr�ogdmnl,
dmnm�gXr�addm�nardqudc�hm�X�mtladq�ne�rwrsdlr)�hmbktchmf�bnkc�
Xsnlhb�fXrdr)�vgdqd�X�lXbqnrbnohb�mtladq�ne�oXqshbkdr�Xqd�hm�
sgd�Anrd�bnmcdmrXsd-�Vd�gXud�rtbbddcdc�hm�nardquhmf�X�Anrd,
Dhmrsdhm�bnmcdmrXshnm�ne�ptXrhoXqshbkdr)�sgd�mtbkdXq,rohm�vXudr�
nq�lXfmnmr�hm�rtodqy�thc�flGd-�Ghfg�cdmrhshdr�ne�lXfmnmr�Xqd�
bqdXsdc�aw�otkrdc�MtbkdXq�LXfmdshb�QdrnmXmbd�’MLQ(-�Sgdrd�
mnm,dpthkhaqhtl�lXfmnmr�khud�X�udqw�knmf�shld)�ltbg�knmfdq�
sgdm�mddcdc�enq�sgdl�sn�ad�bnmcdmrdc�hmsn�X�bngdqdms�rsXsd-�Sgd�
bnmcdmrXsd�hr�onrrhakd�adbXtrd�sgd�mtladq�ne�lXfmnmr�hr�mdXqkw�
bnmrdqudc)�kdXchmf�sn�udqw�knmf�khudc�lXfmdshb�bnkkdbshud�rsXsdr-�
Hmcddc)�mdXqkw�svdmsw�wdXqr�Xfn)�X�ADB�ne�lXfmnmr�vXr�nardqudc)�
ats�mns�hmsdqoqdsdc�Xr�rtbg�Xs�sgd�shld4�Sghr�vXr�sgd�fiGnlnfd,
mntrkw�Oqdbdrrhmf�CnlXhmr“�’GOCr(�hm�sgd�A�ogXrd�ne�rtodqy�thc�
flGd-��:mc)�qdbdmskw)�sgd�TksqX�Jnv�SdlodqXstqdr�fqnto�Xs�sgd�M3dk�
Hmrshstsd�gXr�chrbnudqdc�nsgdq�lXfmnm�bnmcdmrXsd�ogdmnldmX4�
lXfmnm�fiP�aXkkr“�Xmc�bngdqdms�oqdbdrrhnm�ne��lXfmnmr�hm�/Gd,A�
bnmé�mdc�hm�bnloqdrrdc�Xdqnfdkr-�

R fd � d u od p hld ms ] k� p d r t ks r � b n mb d p mhmZ� Gn ln Zd md n t r kw �
H p d b d r r hmZ�Cn l] hmr �hm�at ki �r t od p ff�t hc�flGd + @ �0 D hZ-�/ ( �f] q d �mn v�
ad d m� s fd n p d s hb ] kkw � t mcd p r s n n c� ] r � ] � @ n r d + A hmr s d hm� b n mcd mr ] +
s hn m�n e ��] an t s �8 8 -8 4�n e �s fd �l] Zmn mr -�D t p s fd p ln p d ’�ad b ] t r d �n e �
s fd �p hb f�m] s t p d �n e �s fd �n p cd p �o] p ] ld s d p �hm�r t od p ff�t hc�flGd ’�n s fd p �
@ A B�r s ] s d r �b ] m�d u hr s �] mc�f] q d �ad d m�n ar d p q d c-�=ln mZ�s fd l�] p d �
l] Zmn mr � s p ] ood c�hm� s fd �on s d ms h] k�vd kk� n e � s fd � n p ahs ] k� s d u s t p d ’�
vfhb f� b n mcd mr d � hm� ] � r hlhk] p �v] w � s n � b n kc� ] s n lr � hm� ] m� n os hb ] k�
s p ] o-�P hmb d �s fd �mt lad p �n e �l] Zmn mr �0 r hlhk] p �s n �s fd �s n s ] k�b f] p Zd �
P�e n p �b f] p Zd c�r w r s d lr ( �hr �md ] p kw �b n mr d p q d c’�] m�hmfn ln Zd mn t r �
@ n r d �b n mcd mr ] s d �b ] m�d u hr s -�Fm�hs r �r hlokd r s �e n p l�s fhr �kn n i r �khi d �
] �a] kk�0fd mb d �s fd �m] ld �O+a] kk�e n kkn vhmZ�P -�Bn kd l] m(-��R fd �n a+
r d p q ] s hn m�] mc�hms d p op d s ] s hn m�n e �r t b f�] �r s ] s d �hm�flGd + @ �op d r d ms r �
] � r hZmh3�b ] ms � ] cq ] mb d � hm� n t p � t mcd p r s ] mchmZ� n e � @ n r d + A hmr s d hm�
Bn mcd mr ] s hn m�] mc�l] b p n r b n ohb �jt ] ms t l�ofd mn ld m] -

Ln r s � p d b d ms kw ’� s fd � n ar d p q ] s hn m� n e � ] m� hlod p e d b s � b n mcd m+
r ] s hn m� n e � l] Zmn mr � hm� r t od p ff�t hc� flGd � b n m3�md c� hm� ] m� ] d p n Zd k�
l] s p hu �f] r �ad d m�] b fhd q d c-��Fm�s fhr �r s ] s d ’�n mkw �] �e p ] b s hn m�n e �s fd �
l] Zmn mr �] p d �hm�s fd hp �Zp n t mc�r s ] s d ’�] r �e n p �s fd �b n mcd mr ] s hn m�n e �

 Gd �] s n lr �hm�r t od p ff�t hc� Gd -
R fd �MÈ d k�Fmr s hs t s d �Tks p ] �K n v�R d lod p ] s t p d r �Zp n t o�b n mr hr s r �

] s �op d r d ms �n e �X t -�L-�@ t mi n q ’�A -�Bn kkhm�] mc�G-�En ce p hm-�R fd �s fd n +
p d s hb ] k� vn p i � v] r � cn md � hm� b n kk] an p ] s hn m� vhs f� E-�Un kn q hi � e p n l�
Gd kr hmi h�Tmhq d p r hs w �n e �R d b fmn kn Zw -

 nis F a s
– �X t p hw �@ t mi n q ’��A l] hk�9�w t p hw -at mi n q ?Zp d mn akd -b mp r -e p �’�R d kd ofn md �9�)2 2 �3 6 4 7 7 / 0 1 0 -

C to s gd o �o d F chie
– �z @ n r d + A hmr s d hm�b n mcd mr ] s hn m�n e �l] Zmn mr �hm�r t od p ff�t hc�2 Gd •’�X t -�L-�@ t mi n q ’�] mc�E-�Un kn q hi ’�I n t p m] k�n e �K n v�R d lod p ] s t p d �
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ad � b n ms p n kkd c� aw � ] ookw hmZ�
] m�d kd b s p hb �3�d kc-�Gd �f] r �lt k+
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b n n od p ] s hn m’�s fd w �f] q d �] kk�b n ms p hat s d c�s n �s fd �r t b b d r r �n e �
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cw m] lhr l� n e � s fd � MÈ d k� Fmr s hs t s d � hr � op n q hcd c� aw � s fd � 0 7 . �
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t k] s hn m�ld s fn cr �s n �d u okn p d �q ] p hd c�3�d kcr �hm�b n mcd mr d c�
l] s s d p � ofw r hb r � ] mc� s fd � m] mn r b hd mb d r ’� p ] mZhmZ� e p n l�

s fd � Zp n vs f� ld b f] mhr lr � n e � m] mn s t ad r ’� s fp n t Zf� s fd � r t od p +
b n mct b s hq hs w � n e � ch] ln mc� ] mc� cn od c� r hkhb n m’� s n � d kd b s p n mhb �
s p ] mr on p s �hm�ln kd b t k] p �r w r s d lr -�H p d q hn t r kw �vhs f�s fd �K ] an p ] s n +
p w �e n p �Bn mcd mr d c�L] s s d p �H fw r hb r �] mc�M] mn r s p t b s t p d r �hm�K w n m’�
fd �ln q d c� s n � s fd �MÈ d k� Fmr s hs t s d � hm�L] p b f� 0 . . 7 -�Ghr � p d r d ] p b f’�
vfhb f� b n mb d p mr � an s f� s fd � cd q d kn old ms � ] mc� s fd � ] ookhb ] s hn m�
n e �r hlt k] s hn m�ld s fn cr ’�d u d lokh3�d r �s fd �hmb p d ] r hmZ�p n kd �n e �] a+
hmhs hn �jt ] ms t l�r hlt k] s hn mr �e n p �t mcd p +
r s ] mchmZ� ofw r hb ] k� ofd mn ld m] � hm� ] kk�
] p d ] r � n e � b n mcd mr d c� l] s s d p � r b hd mb d -�

W] q hd p �@ k] r d �f] r �p d b d hq d c�] �r hkq d p �ld c] k�
n e �s fd �BMQ P ��0 0 . . 7 ( �e n p �fhr �l] gn p �b n m+
s p hat s hn mr � s n � s fd � cd q d kn old ms � n e � ] a�
hmhs hn � jt ] ms t l� r hlt k] s hn m� ld s fn cr -
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ad p �n e �Ep d mn akd &r �gn hms �BMQ P , TI D , BA =�s d ] l�en p �m] mn +
ofw r hb r �] mc�r d lhb n mct b s n p �p d r d ] p b f’��f] r �cd q d kn od c�

r d mr hs hq d � r od b s p n r b n ohb � ld s fn cr � s n � d u okn hs � s fd � d u s p d ld kw �
p hb f� 3�d kc�n e � r d lhb n mct b s n p �jt ] ms t l�cn s r -�Gd � ] b fhd q d c�s fd �
3�p r s �cd s d b s hn m�n e �s fd �r ohm�n e �] � r hmZkd �
Lm�] s n l�chkt s d c�hm�] �r hmZkd �jt ] ms t l�
cn s -�R fhr � ] mc�fhr � r t ar d jt d ms � d u od p h+
ld ms r � n od m� ] � o] s f� s n � r ohms p n mhb r �
] ookhb ] s hn mr �hmq n kq hmZ�l] mhot k] s hn mr �
n e � ] � r ohm+a] r d c� jt ] ms t l� r w r s d l-�

K t b hd m� @ d r n lad r � p d b d hq d c� s fd � 0 . . 7 �
Ep ] mc�H p hu �I -�Gd p ap ] mc�n e �s fd �D p d mb f�
=b ] cd lw �n e �P b hd mb d r ’�] v] p cd c�d q d p w �
s vn �w d ] p r � s n � ] � w n t mZ�ofw r hb hr s � ] Zd c�
t mcd p � 2 1 � vfn r d � vn p i � hr � gt cZd c�
z t r d e t k� s n � s fd � op n Zp d r r � n e � s fd �
ofw r hb ] k� r b hd mb d r � n p � s fd hp � od ] b d e t k�
] ookhb ] s hn mr •-�
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d p s p ] mc�LÈ m] d p s �gn hmd c�s fd �BMQ P ��] r �] �p d r d ] p b f�d mZh+
md d p �hm�/ 8 8 2 �] mc�b ] ld �s n �Ep d mn akd �hm�0 . . . -�Gd �r od +
b h] khy d r � hm� b p w r s ] k� Zp n vs f� aw � s fd � ff�t u � ld s fn c� e p n l�

fhZf�s d lod p ] s t p d �r n kt s hn mr -�Gd �Zp n vr �r hmZkd �b p w r s ] kr �e n p �mn m+
khmd ] p � n os hb r ’� d r od b h] kkw � b n lon t mcr � n e � s fd � z J R H • 0 J R hNH N3 ( �
e ] lhkw -�Gd �f] r �] kr n �cd q d kn od c�o] s d ms d c�s d b fmhjt d r � e n p � b t s +
s hmZ� ] mc�on khr fhmZ�fhZfkw � ] b b t p ] s d ’� b p w r s ] kkn Zp ] ofhb ] kkw � n p h+
d ms d c� r ofd p d r � ] mc�b w khmcd p r � e n p � n os hb ] k�ld ] r t p d ld ms r � ] mc�

k] r d p � cd q hb d r -� Ghr � b t p p d ms � vn p i �
b n mb d p mr � s fd � Zp n vs f� n e � od p hn ch+
b ] kkw +on kd c� J R H � b p w r s ] kr � e n p � jt ] r h+
of] r d +l] s b fd c� mn mkhmd ] p � n os hb ] k�
e p d jt d mb w �b n mq d p r hn m-�

@ d p s p ] mc� LÈ m] d p s � f] r � p d b d hq d c� ] �
z Bp w r s ] k•�] v] p c�0 0 . . 6 ( ’�] �chr s hmb s hn m�
] s s p hat s d c�aw � s fd �BMQ P � d q d p w � w d ] p �
s n �fhZfkhZfs � s fd � d u od p s hr d � ] mc�b p d +
] s hq hs w �n e �s fd �d mZhmd d p r �] mc�s d b fmh+
b h] mr � vfn � b n ms p hat s d � s n � r b hd ms h3�b �
chr b n q d p w -�
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L
n keZ] mZ� Vd p mr cn p ed p’� ] � BMQ P � p d r d ] p b fd p � r hmb d �
/ 8 8 4 ’� hr � ] � kd ] cd p � hm� s fd � 3�d kc� n e � l] Zmd s hr l� ] s � s fd �
m] mn ld s p d �r b ] kd ’�] mc�hm�s fd �m] mn r b hd mb d r �Zd md p ] kkw -�

Gd �cd q d kn od c�s fd � t ks p ] r d mr hs hq d �lhb p n + r jt hc�l] Zmd s n ld s d p �
s f] s � d m] akd c� s fd � 3�p r s � ld ] r t p d ld ms � n e � s fd � l] Zmd s hy ] s hn m�
p d q d p r ] k� n e � ] � r hmZkd � / . . . � ] s n l� b n a] ks � m] mn o] p s hb kd -� � Gd � hr �
op d r d ms kw � cn hmZ� ohn md d p hmZ� vn p i � hm� � ln kd b t k] p � r ohms p n mhb r -��
Ln r s �p d b d ms kw �fhr �s d ] l�cd s d b s d c�] �jt ] ms t l�of] r d �s p ] mr hs hn m�
] s �kn v�s d lod p ] s t p d �hm�] �r hmZkd �B4 . �ln kd b t kd -�

Vn keZ] mZ�Vd p mr cn p ed p �f] r �ad d m�] v] pcd c�] �Zp ] ms �hm�s fd �A t p n +
od ] m� Q d r d ] p b f�Bn t mb hk&r � �z Fcd ] r •�op n Zp ] lld ’� ] � p d b d ms � hmhs h] +
s hq d � s n � e t mc� s fd � ln r s �
b p d ] s hq d ’� s n o� kd q d k� p d +
r d ] p b fd p r -� Ghr � p d r d ] p b f�
op n Zp ] lld � vhkk� s ] pZd s �
s fd � r hmZkd � l] Zmd s hb �
ln kd b t kd � ] r � ] � b n lon +
md ms �hm�s fd �md v�3�d kc�n e �
ln kd b t k] p �r ohms p n mhb r -
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Lnrs�ogxrhbXk�rxrsdlr�cdodmc�nm�dwsdqmXk�oXqXldsdqr�vghbg)�
Xs�rodbhXk�uXktdr)�fhud�XcchshnmXk�rxlldsqhdr�sn�sgd�rxrsdl-��=s�
sgdrd�onhmsr)�ptXmstl�cdfdmdqXbhdr�lXx�nbbtq-��Vgdm�sgd�oX,
qXldsdqr�Xqd�dXrhkx�stmXakd)�nmd�bXm�dwoknqd�ptXmstl�rsXsdr�mns�
nmkx�Xs�sgd�cdfdmdqXbx�onhmsr�ats�nudq�sgd�dmshqd�oXqXldsdq�roXbd-��
Cudm�vgdm�hs�hr�XvXx�eqnl�X�rxlldsqx�onhms)�sgd�rxrsdl�hr�rdmrh,
shud�sn�sgd�onhms%r�oqdrdmbd-��Sgd�qdXrnm�hr�rhlokd9�Xs�X�cdfdmdqXsd�
onhms�Xarnktsd�ptXmstl�ogXrdr�bXmmns�cd�cdz�mdc-��Eqnl�X�snon,
knfhbXk�onhms�ne�uhdv)�X�cdfdmdqXbx�hr�X�cdedbs�hm�sgd�vXudetmb,
shnm�ogXrd-��Sghr�snonknfx�gXr�hlonqsXms�bnmrdptdmbdr�rtbg�Xr�
sgd�ptXmshyXshnm�ne�ogxrhbXk�ptXmshshdr�’d-f-�sgd�ptXmstl�GXkk�de,
edbs(-���Enq�ptXmstl�bhqbthsr)�sgd�ptXmshydc�ptXmshsx�hr�sgd�bgXqfd�
sqXmredqqdc�vgdm�odqenqlhmf�Xm�XchXaXshb�bxbkd�ax�uXqxhmf�fXsd�
unksXfd�Xmc�lXfmdshb�ô�tw�uXktdr-�Sghr�ptXmshyXshnm�hr�fdnldsqhb�
Xmc�cndr�mns�cdodmc�nm�sgd�oqdbhrd�rgXod�ne�sgd�bxbkdr�trdc-��Hm�
sghr�eXrghnm)�X�ptXmshydc�btqqdms�bXm�ad�fdmdqXsdc-��Rtbg�X�btq,
qdms�bXm�ad�trdc�hm�ldsqnknfx�Xr�Xm�dkdbsqhbXk�btqqdms�rsXmcXqc)�
bqhshbXk�sn�sgd�qdcdz�mhshnm�ne�sgd�HmsdqmXshnmXk�Rxrsdl�ne�Tmhsr-

R fd � b hp b t hs � r s t chd c� fd p d ’� ] � z Bn n od p +o] hp � ot lo•’� p d op d +
r d ms d c�hm�D hZ-�/ ’�f] r �s fp d d �I n r d ofr n m�gt mb s hn mr �hm�r d p hd r �vfhb f�
r d o] p ] s d �s vn �r t od p b n mct b s hmZ�hr k] mcr -��R fd �s fp d d �s t m] akd �o] +
p ] ld s d p r � ] p d � s fd � s vn � Z] s d + hmct b d c� b f] p Zd r � mZ/ � ] mc� mZ0 � � n m�
s fd � hr k] mcr � ] mc�s fd �of] r d �chü�d p d mb d �fl� ] b p n r r � s fd � s fp d d � gt mb +
s hn mr -� �R fd �kn vd r s �jt ] ms t l�r s ] s d r � ] p d �cd Zd md p ] s d � ] s � hr n k] s d c�
on hms r �Soj�0 �mZ/ 5�0 , 2 )o’�mZ0 5�0 , 2 )p)�fl5φS 0 φ[ ’�vfd p d �o�] mc�j�
] p d �hms d Zd p r ( �hm�s fhr �s fp d d + chld mr hn m] k�o] p ] ld s d p �r o] b d -���=m�
hms d Zd p � s n on kn Zhb ] k� b f] p Zd �b ] m�ad �] r r n b h] s d c�vhs f�s fd �of] r d �
cd e d b s r �] s �s fd r d �on hms r -�

R fd � ln r s � hms d p d r s hmZ� b n mr d jt d mb d � n e � s fhr � mn m+ s p hq h] k� s n +
on kn Zw � hr � s fd � jt ] ms hy ] s hn m� n e � s fd � b f] p Zd � s p ] mr e d p p d c� ct p hmZ�

 nis F a s
– �K ] t p d ms �K È q w ’�A l] hk�9��k] t p d ms -kd q w ?Zp d mn akd -b mp r -e p �’�R d kd ofn md �9��)2 2 �3 6 4 7 7 / / 0 0 -

C to s gd o �o d F chie�
– �z R fd �Bn n od p �H ] hp �H t lo�] r �] �Ot ] ms hy d c�Bt p p d ms �P n t p b d •’�Q -�K d n md ’�K -�H -�K È q w �] mc�H -�K ] e ] p Zd ’�H fw r -�Q d q -�K d s s -�/ . . ’�/ / 6 . . / �0 0 . . 7 (
– �z R n on kn Zhb ] k�jt ] ms hy ] s hn m�aw �b n ms p n kkd c�o] s fr 9�=ookhb ] s hn m�s n �Bn n od p �o] hp �ot lor �z’�Q -�K d n md ’�K -�H -�K È q w ’�H fw r -�Q d q -�@ �6 6 ’�. 4 3 1 0 3 �
0 0 . . 7 ( -�
– �Vd a�r hs d 9�fs s o9, , vvv-md d k-b mp r -e p , r oho-ofo; p t ap hjt d 1 . �

s fd � ] ch] a] s hb � d q n kt s hn m�n e � s fd � b hp b t hs &r �Zp n t mc�r s ] s d � n q d p � ] mw �
e ] lhkhd r � n e � b w b kd r � vfhb f� b n lokd s d kw � d mb kn r d � s fd � cd Zd md p ] s d �
on hms r -� R fhr � hr � ] b fhd q d c� t r hmZ� od p hn chb � b w b kd r � vfhb f� b n q d p �
cd mr d kw � ] � r t p e ] b d �vfhb f� d mb kn r d r � n md � n p �ln p d �cd Zd md p ] b hd r -��
R fd �ln r s � b n mq d mhd ms � b w b kd r � ] p d �fd khb d r � b n q d p hmZ� s fd � r t p e ] b d �
n e �] �b w khmcd p �n e �fd hZfs �0 ffi�0 s fd �b w khmcd p �] u hr �hr �s fd �of] r d �chü�d p +
d mb d �] b p n r r �s fd �ot lo(-��Nq d p �n md �b w b kd ’�s fd �b f] p Zd �s p ] mr e d p p d c�
hr �] m�hms d Zd p �0 s fd �mt lad p �n e �s t p mr ( �lt ks hokd �n e �0 d-��Vfd m�s fd �

b w b kd r �] p d �p d od ] s d c�] s �] �e p d jt d mb w �π’�s fd �b t p p d ms �Ho�Zd md p ] s d c�
hr � d u ] b s kw �Ho50 doπ-� �R ft r ’� s fd � b t p p d ms � b ] m�ad � t r d c� ] r � ] �ld s p n +
kn Zhb ] k�b t p p d ms �r n t p b d �] mc�t ks hl] s d kw �] r �] m�] ar n kt s d �r s ] mc] p c�
e n p �s fd �Fms d p m] s hn m] k�P w r s d l�n e �Tmhs r -

R fd p d �] p d �r d q d p ] k�b f] kkd mZd r �s n �ad �ld s �n m�s fd �v] w �s n �s fhr �
Zn ] k-� P hmb d � s fd � b t p p d ms � hr � Zd md p ] s d c� aw � s fd � ] ch] a] s hb � d q n kt +
s hn m� n e � s fd � b hp b t hs &r � Zp n t mc� r s ] s d ’� s fd � n od p ] s hmZ� e p d jt d mb hd r �
lt r s �ad � khlhs d c� hm� n p cd p � s n � p d l] hm� ] ch] a] s hb -� �R fhr � khlhs r � s fd �
ot lod c� b t p p d ms � s n � ] � e d v� s d mr � n e � ohb n + ] lod p d r -� � R fd � z s n on +
kn Zhb ] k•� m] s t p d � n e � s fd � b t p p d ms � Zd md p ] s d c� op n s d b s r � s fd � b hp b t hs �
] Z] hmr s �kn v�e p d jt d mb w �mn hr d �r n t p b d r -��R fd �d ü� d b s �n e �n s fd p �mn hr d �
r n t p b d r �hr �s fd �r t agd b s �n e �n mZn hmZ�r s t chd r -

R fhr � p d r d ] p b f� hr �o] p s � n e � ] � A t p n od ] m� D t s t p d � ] mc�A ld p ZhmZ�
R d b fmn kn Zhd r �op n Zp ] lld �cd q n s d c�s n �r s t chd r �n e �s fd �] ch] a] s hb �
d q n kt s hn m�n e �d kd b s p n mhb �b hp b t hs r -

R fd �s n on kn Zhb ] k�Bn n od p +o] hp �ot lo�] mc�hs r �] ookhb ] s hn mr �s n �ld s p n kn Zw

Ehf-�09�=�Bnnodq,oXhq�otlo�gXr�sgqdd�Inrdogrnm�itmbshnmr�hm�rd,
qhdr�cdz�mhmf�svn�hrkXmcr�vgnrd�dkdbsqnrsXshb�dmdqfhdr�Xqd�stmdc�
ax�svn�fXsd�unksXfdr-��Sgd�ogXrd�chν�dqdmbd�Xbqnrr�sgd�otlo�hr�
stmdc�ax�X�Xm�Xookhdc�lXfmdshb�ô�tw�9�sgd�oXqXldsdq�roXbd�hr�gdqd�
sgqdd,chldmrhnmXk-

Ehf-�19��=�cdfdmdqXsd�onhms�hm�sgd�sgqdd�chldmrhnmXk�oXqXldsdq�
roXbd�hr�qdoqdrdmsdc�Xs�sgd�bdmsdq�’fl:φ(�ne�sgd�bxkhmcdq-��Sgd�dk,
khordr�lXjhmf�o�stqmr�’o:1�hm�sgd�z�ftqd(�Xqntmc�sgd�bxkhmcdq�
sqXmredq�o�Bnnodq�oXhqr�sgqntfg�sgd�otlo-�
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Ot ] ms hy d c�q n p s hb d r �hm�on k] p hs n m�@ n r d + A hmr s d hm�Bn mcd mr ] s d r

PtXmshydc�unqshbdr�Xqd�nardqudc�hm�X�Anrd,Chmrsdhm�bnmcdm,
rXsd�ne�dwbhsnmhb�onkXqhsnmr�hm�X�rdlhbnmctbsnq-�Sgdx�Xqd�uhrtXk,
hydc�ax�ogXrd,qdrnkudc�hlXfhmf�ne�X�onkXqhsnm�fXr�bnmcdmrdc�Xs�
1/�J�hm�X�BcSd,aXrdc�lhbqnbXuhsx-�Gdqd)�hm�bnmsqXrs�sn�sgd�bXrd�ne�
sgd�Anrd,Chmrsdhm�bnmcdmrXsdr�hm�khpthc�3Gd�Xmc�chktsd�Xsnlhb�
fXrdr)�sgd�unqshbdr�Xqd�fdmdqXsdc�hm�sgd�bnmcdmrXsd�fqntmc�rsXsd)�
Xmc�Xqd�ohmmdc�Xs�vdkk�cdz�mdc�onrhshnmr-

P t od p ff�t hchs w ’� 3�p r s � p d on p s d c� hm� khjt hc� 3 Gd ’� f] r � p d b d hq d c�
lt b f� ] s s d ms hn m� hm� @ n r d + A hmr s d hm� Bn mcd mr ] s d r � 0 @ A Br ( � op n +
ct b d c�hm�chkt s d �Z] r d r �n e �] s n lr -�Ot ] ms hy d c�q n p s hb d r ’�h-d -�] �jt ] m+
s hy d c�p n s ] s hn m�n e �ff�t hc�] p n t mc�] �r hmZt k] p �on hms ’�] p d �] �e ] r b hm] s hmZ�
l] mhed r s ] s hn m�n e � r t od p ff�t hchs w -�R fd w �f] q d �ad d m�Zd md p ] s d c�aw �
r s hp p hmZ�s fp d d + chld mr hn m] k�] s n lhb �@ A Br �n p �s fd p l] kkw �] b s hq ] s d c�
hm�jt ] r h�s vn + chld mr hn m] k�] s n lhb �r w r s d lr -

Q d b d ms kw ’�@ n r d �A hmr s d hm�Bn mcd mr ] s hn m�f] r �ad d m�op n ct b d c�
hm�s fd �r n khc�r s ] s d �e n p �on k] p hs n mr �hm�ok] m] p �lhb p n b ] q hs hd r �s f] s �hm+
b n p on p ] s d �jt ] ms t l�vd kkr �n e �s fd �r d lhb n mct b s n p �l] s d p h] k�BcR d -�
H n k] p hs n mr �] p d �b n lon r hs d �an r n mr �n e �lhu d c�ofn s n m+ d u b hs n m�m] +
s t p d ’� p d r t ks hmZ�e p n l�r s p n mZ�khZfs +l] s s d p � b n t okhmZ-�Ct d � s n � s fd �
t ks p ] + khZfs � on k] p hs n m� l] r r � 0 / . π- � ld( ’� on k] p hs n m� Z] r d r � b p d ] s d c�
aw �n os hb ] k�ot lohmZ�b ] m�b n mcd mr d �] s �b p hs hb ] k�s d lod p ] s t p d r �] r �
fhZf�] r �1 . �J -��Vd �f] q d �mn v�op n ad c�s fd �kn mZ�p ] mZd �r o] s h] k�b n +
fd p d mb d �n e �on k] p hs n m�b n mcd mr ] s d r �aw �n q d p k] oohmZ�s vn �hl] Zd r �
n e �s fd �b n mcd mr ] s d &r �kt lhmd r b d mb d -

D n p � ] � q n p s d u � e p d d � @ A B’� h-d -� n md � vfd p d � s fd � of] r d � hr � r o] +
s h] kkw � fn ln Zd md n t r ’� ] � mn my d p n � ] mZkd � ad s vd d m� s fd � s vn � hl+
] Zd �ad ] lr �Zd md p ] s d r �] �r w r s d l�n e �od p e d b s kw �o] p ] kkd k�e p hmZd r -�Fm�
s fd � op d r d mb d � n e � q n p s hb d r ’� e n p i khi d � chr kn b ] s hn mr � ] ood ] p � hm� s fd �
hms d p e d p n Zp ] l’�] r �r d d m�hm�s fd �p d c�b hp b kd �hm�D hZ-/ -�P hmb d �] �r hmZkd �
e p hmZd �hr �lhr r hmZ�hm�s fd �chr kn b ] s hn m’�s fd �z s n on kn Zhb ] k�b f] p Zd •�n e �
s fd �q n p s d u ’� h-d -� s fd �hms d Zd p �mt lad p �n e �0 ffi�of] r d �r fhe s r �] p n t mc�
s fd �q n p s d u � b n p d ’� hr � t mhs w -�R fhr � hr � b n m3�p ld c�aw �cn hmZ�] � D n t p hd p �
s p ] mr e n p l�n e � s fd � hms d p e d p n Zp ] l�s n �l] o�n t s � s fd � r o] s h] k�of] r d �
n e �s fd �b n mcd mr ] s d �0 hmr d s �n e �D hZ-0 ( -�=r �r fn vm�hm�D hZ-�0 ’�s fd �of] r d �
hmb p d ] r d r � aw � d u ] b s kw � 0 ffi� ] kn mZ� ] � b kn r d c� kn n o� ] p n t mc� s fd � q n p +
s d u �b n p d ’�hmcd od mcd ms �n e �s fd �chr s ] mb d �e p n l�s fd �b n p d -�Vd �b n t kc�
] kr n � q d p he w � s f] s � s fd � on k] p hs n m� cd mr hs w � hr � hmcd d c� kn vd p � ] s � s fd �
q n p s d u �b n p d -�

Fm� s fhr � r w r s d l’� s fd � q n p s hb d r � ] p d �Zd md p ] s d c� hm� s fd � b n mcd m+
r ] s d � fqntmc� r s ] s d -� R fd hp � on r hs hn mr � ] mc� r hZmr � cn � mn s � b f] mZd �
e p n l�n md �d u od p hld ms �s n � ] mn s fd p’� p t khmZ�n t s � r on ms ] md n t r � e n p +
l] s hn m� aw � s fd p l] k� ff�t b s t ] s hn mr � 0 ] r � n b b t p r � hm� s fd � @ d p d y hmr i hh+
J n r s d p +R fn t kd r r �of] r d � n e � ] � 0 C� @ A B(-�Nt p � q n p s hb d r � p d r t ks � e p n l�
s fd �b n lahmd c�d ü�d b s � n e � s fd � q d p w � r fn p s �on k] p hs n m�khe d s hld � 0 / . π51 �
r ’�vfhb f�f] r �s n �ad �b n lod mr ] s d c�aw �b n ms hmt n t r �n os hb ] k�ot lo+
hmZ(’� ] mc�s fd �ofn s n mhb �chr n p cd p �ct d � s n �lhb p n b ] q hs w � hp p d Zt k] p h+

 nis F a s r �
– �L] u hld �Q hb f] p c’��A l] hk9��l] u hld -p hb f] p c?Zp d mn akd -b mp r -e p �’�R d kd ofn md �9��)2 2 �3 1 4 2 7 6 . 3 3 -
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– �z @ n r d “ A hmr s d hm�b n mcd mr ] s hn m�n e �d u b hs n m�on k] p hs n mr •’�I -�J ] r op y ] i �d s �] k-’�M] s t p d �3 3 2 ’�3 . 8 �0 0 . . 4 (
– �z Ot ] ms hy d c�q n p s hb d r �hm�] m�d u b hs n m“ on k] p hs n m�b n mcd mr ] s d •�’�J -�E-�K ] Zn t c] i hr �d s �] k-’�M] s t p d �H fw r hb r �3 ’�6 . 4 �0 0 . . 7 ( -

s hd r -�Gn v�s fd r d �chr n p cd p + hmct b d c�q n p s hb d r �p d k] s d �s n �r t od p ff�t hc+
hs w �hm�] �mn m+ d jt hkhap ht l�@ A B�hr �w d s �s n �ad �t mcd p r s n n c-

R fhr � vn p i � v] r � cn md � hm� b n kk] an p ] s hn m� vhs f� @ d mn ès � Cd +
q d ] t c&r � s d ] l� ] s � A b n kd � H n kw s d b fmhjt d � D È cÈ p ] kd � cd � K ] t r ] mmd �
0 P vhs y d p k] mc(-

Ehf-1-�OgXrd�ne�sgd�onkXqhsnm�bnmcdmrXsd�Xknmf�bknrdc�knnor�’be-�
sgd�bhqbkdr�hm�sgd�hmrds(�Xqntmc�sgd�unqsdw�rgnvm�hm�Ehf-0)�Xs�uXqh,
ntr�chrsXmbdr�eqnl�sgd�bnqd-�Hmrds�chrokXxr�sgd�1”�roXshXk�ogXrd�
Xqntmc�sgd�unqsdw�Xr�X�bnkntq,hmsdmrhsx�lXo-

Ehf-0-�Hmsdqedqdmbd�oXssdqm�nardqudc�ax�nudqkXoohmf�bnmcdmrXsd%r�
hlXfd�Xmc�hsr�qdsqn,qdô�dbsdc�hlXfd-�=�unqsdw�XoodXqr�Xr�X�enqj,
khjd�chrknbXshnm�hm�sgd�qdftkXq�eqhmfd�oXssdqm�’hmrhcd�qdc�bhqbkd(-
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Ot ] ms t l�en p Zd s e t kmd r r �n e �] �P hmZkd �Ln kd b t kd �L] Zmd s

.�rsdo�bqhshbWk�sn�sgd�hlokdldmsWshnm�ne�W�ptWmstl�bnlotsdq�
aWrdc�nm�bnlokdw�lWfmdshb�lnkdbtkdr�’Mhmfkd�Dnkdbtkd�DWf,
mdsr(�hr�bnmsqnk�ne�sgd�cdbngdqdmbd�ldbgWmhrlr-�Adbngdqdmbd�hr�
sgd�oqnbdrr�ax�vghbg�W�ptWmstl�rxrsdl�ffenqfdsr“�hsr�ptWmstl�
mWstqd�Wmc�adbnld�bkWrrhbWk�vgdm�hs�hmsdqWbsr)�dudm�udqx�vdWikx)�
vhsg�sgd�qWmcnl�y�tbstWshnmr�ne�hsr�dmuhqnmldms-��Mhlokx�rodWi,
hmf)�W�bnkkdbshud�ptWmstl�rxrsdl�onrrdrrdr�Wm�ffhmsdqmWk�bknbi“�
Wbshmf�khid�W�odmctktl�vgnrd�Wlokhstcd�cdbqdWrdr�oqnfqdrrhudkx�
adbWtrd�ne�sgdrd�dmuhqnmldmsWk�hmsdqWbshnmr-�Sgdm�sgd�bknbi r�
lnshnm�rsnor)�sgd�rxrsdl�hr�dfl�dbshudkx�Ws�qdrs�Wmc�bnkkWordr�sn�sgd�
bkWrrhbWk�qdfhld-

R fhr � kn r r � n e � b n fd p d mb d � hr � ] � r d p hn t r � n ar s ] b kd � hm� s fd � cd q d k+
n old ms � n e � ] � jt ] ms t l� b n lot s d p 9� ] mw � jt ] ms t l� b ] kb t k] s hn m�
p d jt hp d r �s f] s �s fd �hms d p m] k�b kn b i r �n e �d ] b f�r hmZkd �d kd ld ms �n e �s fd �
b n lot s d p � 0 s fd � jt ] ms t l� ahs r � n p �zjt ahs r • ( � n r b hkk] s d � e n p � ] � r t 7� � +
b hd ms kw �kn mZ�s hld �e n p �] �jt ] ms t l�b ] kb t k] s hn m�s n �ad �b ] p p hd c�n t s -�
R fhr �f] r �s t p md c�n t s �s n �ad �] �o] p s hb t k] p kw �ch7� � b t ks �op n akd l�vhs f�
b n lokd u �z P hmZkd �Ln kd b t kd �L] Zmd s r •�n e �k] p Zd �chld mr hn mr �0 d ] b f�
ln kd b t kd � b n ms ] hmr � r d q d p ] k� ft mcp d c� ] s n lr ( -� Fm� ] � P hmZkd � Ln k+
d b t kd �L] Zmd s ’� � s fd � d kd b s p n mhb � r ohmr � ] p d � b n t okd c� s n � s fd � k] p Zd �
mt lad p � n e � mt b kd ] p � r ohmr � op d r d ms � hm� s fd hp � n vm� d mq hp n mld ms ’�
i hkkhmZ�s fd �jt ] ms t l�n r b hkk] s hn mr �q d p w �p ] ohckw -�

Q d r d ] p b fd p r � e p n l� MÈ d k� Fmr s hs t s d � ] mc� s fd � Fmr s hs t s d � e n p � M] +
mn r b hd mb d � ] mc� Bp w n Zd mhb r � n e � BA =+ Ep d mn akd � f] q d � mn v� ad d m�
] akd �s n �ln mhs n p �s fd �Q ] ah�n r b hkk] s hn mr �cp hq d m�aw �lhb p n v] q d r �e n p �
s fd � e ] ln t r � kn v+ r ohm�ln kd b t k] p �l] Zmd s �U21 ’� r d d � D hZ-� / -�R fhr � hr �
] �q ] m] cht l+a] r d c�r w r s d l�b n ms ] hmhmZ�/ 1 �q ] m] cht l�hn mr �vhs f�
s fd hp � r ohmr � r s p n mZkw � b n t okd c� s fp n t Zf� n u w Zd m� ] s n lr -� R fd � / 1 �
r ohmr �µ�n e �q ] m] cht l�] p d �] kk�b n t okd c�] ms he d p p n l] Zmd s hb ] kkw �p d +
r t ks hmZ� hm� ] � ld r n r b n ohb � r ohm� µ� hm� s fd � Zp n t mc� r s ] s d -� R fd � t r d �
n e � ahZ� ln kd b t kd r � r t b f� ] r � U21 � r fn t kc� e ] b hkhs ] s d � hmchq hct ] k� ] c+
cp d r r hmZ’� d r od b h] kkw � r hmb d � ln kd b t k] p � b fd lhr s p w � ld s fn cr � b ] m�
op n ct b d � r d ke + n p Z] mhy ] s hn m� n e � r t b f�ln kd b t kd r � hm�vd kk� n p cd p d c�
ln mn ln kd b t k] p �k] w d p r ’�d ] r w �s n �] ccp d r r -

D p n l� ot kr d c� A kd b s p n m� H ] p ] l] Zmd s hb � Q d r n m] mb d � 0 z r ohm+
d b fn • ( � ld ] r t p d ld ms r � n e � b n fd p d mb d � s hld r ’� s fd � chü�d p d ms � on r +
r hakd � ld b f] mhr lr � n e � cd b n fd p d mb d � f] q d � ad d m� d q ] kt ] s d c-� Fm�
s fhr �r w r s d l’�s fd �l] hm�r n t p b d �n e �cd b n fd p d mb d �b n ld r �e p n l�s fd �
q ] m] cht l� mt b kd ] p � r ohmr -� Fe � hs � vd p d � mn s � e n p � s fd � mt b kd ] p � r ohmr ’�
s fhr �P hmZkd �Ln kd b t kd �L] Zmd s �vn t kc�r s ] w �zjt ] ms t lkw �] khq d •�e n p �
/ . . �” r ’�kn mZ�d mn t Zf�s n �hlokd ld ms �r hlokd �ln kd b t k] p �jt ] ms t l�
Z] s d r -� P t b f� kn mZ� b n fd p d mb d � s hld r � b n t kc� ad � n as ] hmd c� hm� ln +
kd b t k] p �l] Zmd s r �he �mt b kd ] p + r ohm+ e p d d �ln kd b t kd r �] p d �t r d c-

R fhr �3�p r s �cd ln mr s p ] s hn m�n e �s fd �Q ] ah�n r b hkk] s hn mr �n e �] �P hmZkd �
Ln kd b t kd � L] Zmd s � f] r � ] kp d ] cw � Zd md p ] s d c� r d q d p ] k� e n kkn v+ t or �
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– �z Ot ] ms t l�Nr b hkk] s hn mr �hm�] �Ln kd b t k] p �L] Zmd s •�’��P -�@ d p s ] hm] ’�P -�E] la] p d kkh’��R -�Lhs p ] ’�@ -�R r t i d p ak] s ’�=-�Lî kkd p ’�] mc�@ -�@ ] p a] p ] ’�
M] s t p d �3 1 . ’�0 . 2 �0 0 . . 7 (
– �P d d �] kr n �s fd �z Md vr �] mc�Uhd vr •�] p s hb kd �fhZfkhZfs hmZ�s fhr �o] od p’�aw �H -B-A -�P s ] lo�0 r ] ld �hr r t d ’�o-/ 4 6 ( -

t r hmZ�s fd �r ] ld �s d b fmhjt d -�@ d r hcd r �hs r �on s d ms h] k�] ookhb ] s hn mr �hm�
jt ] ms t l�b n lot s hmZ’�s fhr �p d r t ks � r fn vr �fn v�p n at r s �jt ] ms t l�
ld b f] mhb r �b ] m�ad �9�=�ln kd b t kd �vhs f�0 5- �jt ] ms t l�d hZd mr s ] s d r �
hmq n kq hmZ�b n lokd u �hms d p ] b s hn mr �0 r t od p + d u b f] mZd ’�chon k] p �] mc�
Cy w ] kn r fhmr i w +Ln p hw ] � hms d p ] b s hn mr ( ’� b ] m�z r s ] w � ] khq d •� e n p � ] � e p ] b +
s hn m�n e �] �lhb p n r d b n mc-

R fhr �vn p i �v] r �cn md � hm� b n kk] an p ] s hn m�vhs f�R -�Lhs p ] � ] mc�=-�
Lî kkd p �n e �s fd �D ] b t ks w �n e �Bfd lhr s p w �n e �@ hd kd e d kc�Tmhq d p r hs w �0Ed p +
l] mw ( � ] mc�@ -�R r t i d p mak] s � n e � s fd �Bfd lhr s p w �Cd o] p s ld ms ’� @ d m+
Et p hn m�Tmhq d p r hs w ’�@ d d p + P fd q ] �0 Fr p ] d k( -

Ehf-�0�9�MbgdlWshb�qdoqdrdmsWshnm�ne�sgd�Mhmfkd�Dnkdbtkd�DWfmds�
Tz1�’fqddm:TWmWchtl)�nqWmfd:.qrdmhb)�qdc:Kwxfdm�’sgdqd�Wqd�
lWmx�nsgdq�Wsnlr�sgWs�Wqd�mns�qdoqdrdmsdc(-�Rgd�btqud�rgnvr�sgd�
nardqudc�PWah�nrbhkkWshnm�ne�sgd�lWfmdshVWshnm)�dwbhsdc�ax�W�otkrd�
ne�7-5�FGV�lhbqnvWudr�hm�Wm�=OP�bWuhsx�hm�W�”-23�RdrkW�5�dkc�Ws�1-3�
H-��Rgd�cWlohmf�ne�sgd�nrbhkkWshnm�hr�bWtrdc�lWhmkx�ax�hmsdqWbshnm�
vhsg�sgd�uWmWchtl�mtbkdWq�rohmr-
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FqXogdmd�hr�Xm�tmbnmudmshnmXk�svn�chldmrhnmXk�rxrsdl�vhsg�
eXrbhmXshmf�dkdbsqnmhb�oqnodqshdr-�Sgdrd�oqnodqshdr�,�enq�dwXlokd�
sgd�gXke�hmsdfdq�PtXmstl�GXkk�Cν�dbs�,�bnld�eqnl�sgd�gnmdxbnla�
bqxrsXk�rsqtbstqd)�vghbg�hlonrdr�rodbhXk�rxlldsqx�qdkXshnmr�nm�
sgd�dkdbsqnmhb�vXudetmbshnmr)�bnqqdronmchmf�sn�sgd�rn,bXkkdc�
fidkdbsqnmhb�bghqXkhsx“-�=�oqhnqh)�sghr�bghqXkhsx�hr�rodbhz�b�sn�sgd�hcdXk�
fqXogdmd�okXmd)�ats�vXr�entmc�sn�ad�oqdrdqudc�enq�fqXogdmd�nm�
X�RhNff�rtarsqXsd)�Xr�rgnvm�ax�lXfmdsnsqXmronqs�ldXrtqdldmsr-�
Vd�gXud�entmc�sgXs�sgd�oqnodqsx�ne�dkdbsqnmhb�bghqXkhsx�hr�Xkrn�
oqdrdqudc�hm�X�rhmfkd�okXmd�ne�fqXogdmd�fqnvm�dohsXwhXkkx�nm�X�
rhkhbnm�bXqahcd�’///0(�rtarsqXsd-

Vd �f] q d �r s t chd c�] �P hB�0 . . . / ( �r ] lokd �s f] s �v] r �Zp ] ofhs hy d c�
] s � s fd � MÈ d k� Fmr s hs t s d -� Fs � r fn vr � ] ks d p m] s hmZ� s d p p ] b d r � n e � ln mn k+
] w d p �] mc�ahk] w d p �Zp ] ofd md -�R fd �s vn �s w od r �n e �k] w d p �] p d �vd ] i kw �
cn od c�vhs f�d kd b s p n mr �] mc�f] q d �] kln r s �hcd ms hb ] k�D d p lh�r t p e ] b +
d r � b n mr hr s hmZ�n e � r l] kk� b hp b t k] p �on b i d s r � n e � p ] cht r �pE�5� . -4 �mlπ5’�
b d ms p d c�n m�s fd �b n p md p r �n e �s fd �@ p hkkn t hm�y n md -�R n �op n ad �s fd �d kd b +
s p n mhb �b fhp ] khs w �vd �ld ] r t p d c�s fd �kn b ] k�cd mr hs w �n e �r s ] s d r �n e �s fd �
r t p e ] b d � t r hmZ� ] � kn v� s d lod p ] s t p d � 0 3 -0 � J ( � P b ] mmhmZ�R t mmd khmZ�
Lhb p n r b n od � ] s �L] u � H k] mb i � Fmr s hs t s d ’� P s t s s Z] p s -�M] s hq d � r t p e ] b d �
chr n p cd p �d k] r s hb ] kkw �r b ] s s d p r �s fd �d kd b s p n mr �n e �s fd �Zp ] ofd md �k] w +

Ehf-�09�RSL�hlXfdr�Xs�udqx�knv�ahXr�unksXfd�’X�edv�lU(�ne�’X(�X�lnmnkXxdq�Xmc�’a(�X�ahkXxdq�ne�fqXogdmd�nm�RhB’///0(-��Rtbg�hlXfdr�
Xqd�lXor�ne�sgd�knbXk�dkdbsqnmhb�cdmrhsx�ne�rsXsdr�Xs�sgd�Edqlh�kdudk-�PtXmstl�hmsdqedqdmbdr�ne�vXudkdmfsg�φ.pE�’4-1�ml()�fdmdqXsdc�ax�
chrnqcdq)�Xqd�nardqudc�nm�sgd�fqXogdmd�ahkXxdq�ats�mdudq�nm�sgd�fqXogdmd�lnmnkXxdq-�Ehfr�’b(�Xmc�’c(�rgnv�sgd�bdmsqXk�qdfhnmr�ne�sgd�
1”�Entqhdq�sqXmrenqlr�ne�RSL�hlXfdr�’X(�Xmc�’a(�qdrodbshudkx-��=�qhmf�ne�qXchtr�1pE�5�0-1�ml2-�XrrnbhXsdc�vhsg�sgd�1:�4-1�ml�ptXmstl�
hmsdqedqdmbdr�hr�oqdrdms�enq�sgd�ahkXxdq�’c(�ats�Xardms�enq�sgd�lnmnkXxdq�’b(-�Sgdrd�qdrtksr�rgnv�sgd�Xardmbd�ne�bdqsXhm�dkXrshb�rbXssdqhmf�
oqnbdrrdr�enq�knv�dmdqfx�dkdbsqnmr)�ctd�sn�sgd�rxlldsqx�ne�sgd�dkdbsqnmhb�vXudetmbshnmr-

d p ’�b p d ] s hmZ�jt ] ms t l�hms d p e d p d mb d r -�Vd �n as ] hmd c�3 -0 �J �P R L�hl+
] Zd r �] s �kn v�ah] r �q n ks ] Zd �0 h-d -�] s �s fd �D d p lh�kd q d k( �n m�ln mn k] w d p �
] mc�ahk] w d p �s d p p ] b d r �n e �Zp ] ofd md �0 D hZr �/ ] �] mc�/ a(-

Bn lo] p hmZ� s fd r d � hl] Zd r ’� vd � n ar d p q d � s f] s � b d p s ] hm� jt ] m+
s t l� hms d p e d p d mb d r � ] p d � mn s � cd s d b s d c� e n p � s fd � ln mn k] w d p � b ] r d -�
P od b h3�b ] kkw ’� s fd r d � ] p d � s fd � z 0 pE•� hms d p e d p d mb d r � 0 h-d -� n e � v] q d +
kd mZs f�ffi, pD �5� 1 -0 � ml(’� ] r r n b h] s d c� vhs f� hms p ] q ] kkd w � a] b i r b ] s +
s d p hmZ� op n b d r r d r � 0 b n t okhmZ� ad s vd d m� d kd b s p n m� r s ] s d r � vhs f�
v] q d q d b s n p r �pD �] mc�“ pE( -�

R fd � ] ar d mb d � n e � r t b f�op n b d r r d r � hm� s fd �ln mn k] w d p � hr � r d d m�
ln p d �l] p i d ckw �hm�s fd �D n t p hd p �R p ] mr e n p lr �0 D hZr �/ b �] mc�/ c(-�=�b hp +
b kd �n e �p ] cht r �0 pE�5�/ -0 �ml+/ �hr �op d r d ms �] s �s fd �b d ms p d �n e �s fd �D R �e n p �
s fd �ahk] w d p �0c(�at s �] ar d ms �e n p �s fd �ln mn k] w d p �0 b ( -�R fd �] ar d mb d �
n e �s fhr �b hp b kd �e n p �s fd �ln mn k] w d p �hr �] �chp d b s �b n mr d jt d mb d �n e �s fd �
d kd b s p n mhb �b fhp ] khs w -�R fhr �p d r t ks �v] r �op d chb s d c�s fd n p d s hb ] kkw �at s �
md q d p �cd ln mr s p ] s d c�d u od p hld ms ] kkw �t ms hk�mn v-�Fs �r fn vr �b kd ] p +
kw �s f] s �s fd �b f] p ] b s d p hr s hb �r w lld s p w �n e �] �Zp ] ofd md �ln mn k] w d p �
hmfhahs r �e n p l] s hn m�n e �jt ] ms t l�hms d p e d p d mb d r �] s �0 pE-

R fhr � vn p i � v] r � cn md � hm� b n kk] an p ] s hn m� vhs f� J k] t r � J d p m&r �
Zp n t o�] s �LH F�P s t s s Z] p s �] mc�vhs f�Bfp hr s hm] �@ d m] �n e �s fd �K ] an p ] +
s n hp d �cd �H fw r hjt d �cd r �P n khcd r ’�Np r ] w -

5.2 nm 

Monoplan Biplan 

 nis F a s r
– �H hd p p d �L] kkd s ’��A l] hk9��ohd p p d -l] kkd s ?Zp d mn akd -b mp r -e p �’�R d kd ofn md 9��)2 2 �3 6 4 7 7 6 3 1 0 -
– �K ] t p d mb d �L] Z] t c’��A l] hk9��k] t p d mb d -l] Z] t c?Zp d mn akd -b mp r -e p �’�R d kd ofn md 9�)2 2 �3 6 4 7 7 6 3 4 2 -
– �I d ] m+X q d r �Ud t hkkd m’��A l] hk9��gd ] m+ w q d r -q d t hkkd m?Zp d mn akd -b mp r -e p �’��R d kd ofn md 9��)2 2 �3 6 4 7 7 6 3 4 / -

C to s gd o �o d F chie
– �z Ot ] r ho] p s hb kd �b fhp ] khs w �hm�d ohs ] u h] k�Zp ] ofd md �op n ad c�] s �s fd �m] mn ld s d p �r b ] kd •’�F-�@ p hft d Z] ’�H -�L] kkd s ’�B-�@ d m] ’�P -�@ n r d ’�B-�Lhb f] d +
khr ’�K -�Uhs ] kh’�D -�U] p b fn m’�K -�L] Z] t c’�J -�J d p m�] mc�I -X -�Ud t hkkd m’�H fw r -�Q d q -�K d s s -�/ . / ’�0 . 4 7 . 0 �0 0 . . 7 ( �-

V] q d e t mb s hn m�r w lld s p w �hm�Zp ] ofd md �] s �s fd �m] mn ld s p d �r b ] kd
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=kp d ] cw � hm�op d fhr s n p hb � s hld r ’� hm� s fd � r d ] p b f� e n p �vd ] ks f� t mcd p � s fd � d ] p s f&r � r t p e ] b d ’�L] m�f] c�
chr b n q d p d c�lt ks hokd � e ] b d s d c� r s n md r -� P t b f� r s n md r �op n q n i d c�vn mcd p � ] mc�] clhp ] s hn m:� e p n l�
=ms hjt hs w � n mv] p cr ’� s fd w � ad b ] ld � r t agd b s r � n e � ofhkn r n ofhb ] k� ] mc� r b hd ms h3�b � d mjt hp w -� R fd hp �
b n kn t p r � ] mc� lt ks hokd � Zd n ld s p hd r � hmr ohp d c� lw r s hb hr l� ] mc� e ] r b hm] s hn m9� b p w r s ] kr � ad b ] ld �
r w lan khb �n agd b s r ’�n e s d m�] r r n b h] s d c�vhs f�q hp s t d r �n p �r t od p m] s t p ] k�on vd p r -�R fd hp �s p ] mr o] p d mb w ’�
s fd hp �p ] p hs w �] mc�s fd hp �] oo] p d ms �hm] ks d p ] ahkhs w �kd c�d ] p kw �s n �s fd hp �t r d �] r �n p m] ld ms r -�L] m�kd ] p ms �
s n �b t s �s fd l�r i hkke t kkw ’�s n �d mf] mb d �s fd hp �r o] p i kd �] mc�khZfs -

é Tnx Vfd�cVmr �jd�b p hr sVj• �hr �V�lVinp �dw ghahs hnm’�mnv�nm�chr ojVx �hm�Fpdmnajd�adenpd�sntp hmf�nsgdp �Cpdmb g�b hs hdr -�Pgd�dw ghahs hnm�opdr dms r �sn�V�
fdmdpVj�otajhb �sgd�r b hdmb d�Vmc�sgd�adVts x �ne�lVs sdp �hm�sgd�b p x r sVjjhmd�r sVsd-�Pgd�hmhs hVs hud�b Vld�epnl�ogx r hb hr s r �ne�sgd�Hmr s hsts �Mydj’�Fpdmn,
ajd�Vmc�sgd�HINIA�’�NVp hr ’�svn�jVanpVsnp hdr �vhsg�V�jnmf�s pVchs hnm�ne�pdr dVp b g�hm�b p x r sVjjnfpVogx �Vmc�r njhc�r sVsd�ogx r hb r -��Pgd�dw ghahs hnm�vVr �
lntmsdc�vhsg�sgd�b nms p hats hnm�ne�mtldpntr �oVp smdp �jVanpVsnp hdr �tmcdp �sgd�lVmVfdldms �ne�sgd�Fpdmnajd�Itr dtl�ne�MVstpVj�Ghr snp x �
Vmc�sgd�Cpdmb g�:r r nb hVs hnm�ne�Ap x r sVjjnfpVogx -�é Tnx Vfd�cVmr �jd�b p hr sVj• �pdb ntms r �gtlVmhs x  r �hmsdpVb s hnm�vhsg�b p x r sVjr ’�sgpntfg�Vp s �Vmc�
r b hdmb d’�epnl�opdghr snp hb �s hldr �sn�sgd�opdr dms �cVx -�Hs �hmuhsdr �sgd�otajhb �nm�V�unx Vfd�sn�chr b nudp �b p x r sVjr �hm�sgdhp �lVmx �Vr odb s r .

�“�sgdhp �vnmcdp �Vmc�lx r sdp x
�“�sgdhp �ojVb d�hm�sgd�ghr snp x �ne�r b hdmb d
�“�sgdhp �tr d�hm�ltjs hojd�b nmsdlonpVp x �Voojhb Vs hnmr -

Pgd�enjjnvhmf�opnr odb str �hjjtr s pVsdr �sgd�r b nod�Vmc�uVp hds x �ne�sgd�dw ghahs hnm-

 
Ap x r sVjr �opnunXd�vnmcdp’�adb nld�r x lanjr ’�hmr ohpd�r stcx

Ap x r sVjjnfpVogx .�sgd�ahp sg�Vmc�s p htlog�ne�V�r b hdmb d

� Fm�s fd �/ 4 s f�] mc�/ 6 s f�b d ms t p hd r ’�m] s t p ] k�ofhkn r n ofd p r �fd kc�s vn �n oon r hmZ�on hms r �
n e �q hd v�] an t s ��b p w r s ] kr 9�chc�s fd w �Zp n v�e ] b d s s d c�e p n l�hmd p s �l] s s d p ’�n p �vd p d �s fd w �r b t kos d c�
r n khcr ; ��Fm�s fd �/ 7 s f�b d ms t p w ’�vhs f�mn �s d b fmhjt d r �w d s �] q ] hk] akd �e n p �op n ahmZ�cd d o�hms n �] �
b p w r s ] k’� r b hd ms hr s r �ad Z] m�s n �cd ct b d �s fd hp � hms d p m] k�r s p t b s t p d � e p n l�n ar d p q ] s hn mr �n e � s fd hp �
d u s d p m] k�Zd n ld s p w -
� R ft r ’�s fd �chr b n q d p w �n e �s fd �hmq ] p h] mb d �n e �s fd �] mZkd r �ad s vd d m�s fd �e ] b d s r �e n p �] �Zhq +
d m�s w od �n e �b p w r s ] k�kd c�r b hd ms hr s r �s n �cd 3�md �] �b p w r s ] k�] r �] �p d Zt k] p �r s ] b i hmZ�n e �d kd ld ms ] p w �
at hkchmZ�akn b i r -�R fd �vn p i �n e �Q n lÈ �cd �k&Fr kd ’�n e �] aaÈ �G] î w �] mc�l] mw �n s fd p r �Z] q d �ahp s f�
s n �] �md v�r b hd mb d �9�z b p w r s ] kkn Zp ] ofw •-�R n Zd s fd p �vhs f�] r s p n mn lw ’�ld b f] mhb r �] mc�n os hb r ’�
b p w r s ] kkn Zp ] ofw �hr �n md �n e �s fd �n kcd r s �n e �s fd �ofw r hb ] k�r b hd mb d r -
� Fm�s fd �lhc�/ 8 s f�b d ms t p w ’�r s hkk�vhs fn t s �] mw �op n od p �s n n k�e n p �r d d hmZ�] �b p w r s ] k&r �r s p t b +
s t p d ’� s fd � b n mb d os r � n e � od p hn chb hs w � ] mc� ln kd b t k] p � n p cd p � Z] q d � s fd � d u ok] m] s hn m� n e � s fd hp �
r f] od �] mc�r w lld s p w -�R fd �/ 7 8 1 �chr b n q d p w �n e �s fd �lw r s d p hn t r �z W+ Q ] w r •�hmr ohp d c�s fd �vn p i �
n e �K ] t d �] mc�s fd �@ p ] ZZr ’�e ] s fd p �] mc�r n m’�vfn �t r d c�b p w r s ] kr �hm�n p cd p �s n �t mcd p r s ] mc�s fd r d �
md v�p ] w r -� Fm� p d s t p m’� s fd hp �zchü� p ] b s hn m•� d u od p hld ms r � r fn vd c�fn v�b p w r s ] kr �vd p d � hmcd d c�
l] cd �n e �p d Zt k] p �] p p ] w r �n e �] s n lr ’�3�m] kkw �l] i hmZ�hs �on r r hakd �s n �z gn t p md w •�hms n �s fd �fd ] p s �n e �
] �b p w r s ] k-

Ghr snp hb �U,OVx �ch®�pVb s hnm�ogn,
snfpVng�nasVhmdc�hm�”2”1�ax �
Cp hdcp hb g’�Jmhoohmf�Vmc�K Vtd

é He �sgdpd�hr �nmd�vnpc�sgVs �H�vntjc�pdsVhm�Vesdp �sghp s x �x dVp r �vhsg�sgd�MVstpVj�Ghr snp x �Itr dtl�ne�Fpdmnajd�hs �hr �sghr .�é 9mb ntmsdp r •-�Ix �dm,
b ntmsdp r �vhsg�r b hdms hr s r ’�lVmx �ne�sgdl�vnp Xhmf�adghmc�sgd�r b dmdr ’�vhsg�Vm�nodmmdr r �Vmc��jVb X�ne�opdsdms hnm�sgVs �pdb nmb hjdr �tr �vhsg�

gtlVm�mVstpd’�vgn�pdb ntms �enp �tr �lVp udjjntr �r snp hdr �e pnl�sgd�pdfhnmr �vgdpd�K hed�Vmc�sgd�Rb hdmb dr �ldds -�é Tnx Vfd�cVmr �jd�Ap hr sVj• ��
vVr �anp m�e pnl�r tb g�Vm�dmb ntmsdp-��Hs �gVc�sgdm�sn�ad�vp hs sdm’�Vmc�fhudm�r gVod�Vmc�enp l�Vr �Vm�dw ghahs hnm-�Ludp �sghp s x �Cpdmb g�r b hdms hr s r �

oVp s hb hoVsdc�hm�sgVs �sVr X-z

:p lVmc�CVx Vpc’
Aghde�AtpVsnp �ne�sgd�Itr dtl�ne�MVstpVj�Ghr snp x �ne�Fpdmnajd�

� � 9MALSMP9OR� � � � 9MALSMP9OR� � � � 9MALSMP9OR�� � �

E LST9MA9�odmcVms ’�
vhsg�fgnr s �ktVp s q �fdmdpVsdc�ax �
fpnvsg�eVtjs r -�E dVm�Tdmcnld�» �
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@ w �hs r �b n lon r hs hn m’�hs r �r s p t b s t p d ’�hs r �cd mr hs w ’�] �m] s t p ] k�b p w r s ] k�hr �] �ld r r d mZd p �
e p n l�s fd �fd ] p s �n e �s fd �d ] p s f-�R fhr �ld r r d mZd p �p n kd �n e �b p w r s ] kr �hr �t r d e t k�] kr n �hm�
] p b f] d n kn Zw �] mc�hm�r s t chd r �n e �fd p hs ] Zd �n agd b s r -

� L] mw � ] ookhb ] s hn mr � ] p d �a] r d c� n m� s fd � s vn � b k] r r hb � b p w r s ] kr ’�jt ] p s y ’�
vfhb f� l] p i r � s hld � hm� n t p � v] s b fd r ’� ] mc� ch] ln mc’� r w lan k� n e � vd ] ks f� at s �
gt r s �n md �ld lad p �n e �s fd �b ] p an m�e ] lhkw -�R f] s �e ] lhkw �Zhq d r �t r �Zp ] ofhs d ’�s fd �
e t kkd p d md r � 0 ] �z m] mn � e n n s a] kk• ( ’� b ] p an m�m] mn s t ad r � ] mc�Zp ] ofd md + � ] � r hmZkd �
ok] md �n e �fd u ] Zn mr �n e �b ] p an m�] s n lr �vfd p d �] kk�s fd �d kd b s p n mr �op n o] Z] s d �] s �
s fd �r ] ld �q d kn b hs w -�

� � � � =�I NTQ MA X �FMR N�R GA �BQ X P R =K

� CMBNTMSCQR�� � � CMBNTMSCQR�� � � CMBNTMSCQR��� �

A u fhahs hn m�e p n l�0 1 �] q p hk�s n �0 6 �r d os d lap d �0 . . 8
] s �s fd �e n p ld p �H ] k] b d �n e �s fd �C] t ofhmÈ �H ] p kh] ld ms ’�

H k] b d �P s �=mcp È ’�Ep d mn akd

BqxrsXkr�enq�qdrdXqbg�Xmc�XookhbXshnmr�9�rbhdmshrsr�fifqnv“�bqxrsXkr

BqxrsXkr�Xqd�Xm�dudqxcXx�naidbs)�entmc�dudqxvgdqd

� R fd �chr b n q d p hd r �n e �s fd �0 . s f�b d ms t p w �f] q d �chr od kkd c�s fd �lw r s d p hd r �b n mb d p mhmZ�s fd �] s n lhb �r s p t b s t p d �] mc�s fd �
ofw r hb ] k�op n od p s hd r � n e � b p w r s ] kr ’�Zhq hmZ� s fd l�z ] �md v�ok] b d � ] s � s fd �fd ] p s � n e �ln cd p m� b hq hkhy ] s hn m•-�Bp w r s ] kr � ] p d �mn v�p d +
r d ] p b f�s n n kr �t r d c�hm�hmq d r s hZ] s hn mr �s f] s �b n q d p �] m�hlld mr d �p ] mZd ’�e p n l�s fd �b n lon r hs hn m�n e �n t p �ok] md s �A ] p s f�s n �s fd �
lhb p n r b n ohb �r s p t b s t p d r �n e �l] s d p h] kr �] mc�s fd �ln kd b t kd r �n e �K he d -

fiEhmXkkx)�sghr�dwghahshnm�vXr�athks�ax�sgd�bnlahmdc�dν�nqsr�ne�lnqd�sgXm�X�gtmcqdc�odnokd�hm�X�mtladq�ne�kXanqXsnqhdr�hm�EqXmbd-�=s�sgd�
M–dk�Hmrshstsd)�sgd�enkknvhmf�odqrnmr�’khrsdc�ax�XkogXadshbXk�nqcdq(�bnmsqhatsdc9�LtqfX�Lhbgdkkd�=kuXqdy)�Lhbgdk�=mmd)�BXqnkhmd�AXq,
snkh)�=mmd,LXqhd�Anmmns)�Bgqhrsnogd�AntbgXqc)�Ohdqqd�AqXmc)�NXmX�AtmXt)�UXk–qhd�BgXtlnms)�I–qéld�”daqXx)�BXsgdqhmd�”dinhd)�Cqhb�
”nnqxgdd)�RXahmd�”nthkkds)�Rs–ogXmhd�Enqs)�Gntldc�FXqXc)�Rs–ogXmhd�FXqXtc–d)�HrXadkkd�FXtshdq,KtmdXt)�IdXm,Knthr�GncdXt)�Rhlnm�
Inkx)�Dudr�Inkx)�Gnkfdq�Jkdhm)�Nkhuhdq�KdxmXtc)�B–khmd�Kntqcdk)�AdqmXqc�LXhqd,=lhns)�EknqhXm�LXqshm)�RxkuXhm�LXqshm)�OXtkhmd�LXqshmdssn)�
AdqsqXmc�LdmXdqs)�Ohdqqd�Lnkgn)�Oghkhood�OkXhmcntw)�=kXhm�OqXs)�=khmd�QXlnr)�OXsqhbhX�Rdfnmcr)�LXqbhn�RnXqdr)�DXm�Rtν�qdm)�”dmhr�
SdrsdlXkd)�CllXmtdk�Udqknno)�Itkhdm�YXbbXqn-�Vd�sgXmj�sgdl�Xkk�gdqd-“

=kXhm�EnmsXhmd)
”hqdbsnq�ne�sgd�M–dk�Hmrshstsd)�BMQR,TIE�

Researchers crystallise proteins to 
study their properties. ©IUCr

View of an exhibition room with 
crystal model (Magnetite) made with 
corks and iron wire by Louis Néel.

� D p n l�s fd �ad ZhmmhmZ�n e �s fd �0 . s f�b d ms t p w ’�s fd �ahp s f�n e �b p w r s ] k�b fd lhr s p w �d m] akd c�
b fd lhr s r �s n ��zZp n v•�b p w r s ] kr ’�s n �z q hr t ] khy d •�s fd hp �r s p t b s t p d ’�] mc�s ft r �s n �hmq d ms �md v�l] s d p h] kr -�
R fd �r ] ld �ld s fn cr �f] q d �r op d ] c�s fp n t Zf�s fd �r b hd mb d r �n e �of] p l] b w �] mc�ahn kn Zw ’�vfd p d �
e t mc] ld ms ] k�p d r d ] p b f�kd ] cr �s n �r w ms fd r hr �n e �md v�of] p l] b d t s hb ] kr -

� Bp w r s ] kr � ] p d � ] s � s fd � fd ] p s � n e � ld s ] kkt p Zw -� Ld s ] kr � ] mc� ] kkn w r � ] p d � l] cd � t o� n e � ] �
lt ks hs t cd �n e �b p w r s ] kr ’�] mc�b p w r s ] k�cd e d b s r �cd s d p lhmd �s fd �ld b f] mhb ] k�op n od p s hd r �n e �ld s ] k�
n agd b s r �] mc�ok] w �] �i d w �p n kd �hm�e n p ZhmZ’�k] lhm] s hmZ’�lhkkhmZ-

� Bp w r s ] kr �e n p �lhb p n d kd b s p n mhb r �md d c�s n �ad �md ] p kw �od p e d b s ’�] mc�d hs fd p �q d p w �ot p d �n p �
vhs f�lhmt s d �b n mb d ms p ] s hn mr �n e �hlot p hs hd r �ot p on r d kw �] ccd c�e n p �s t mhmZ�s fd hp �op n od p s hd r -�
Bp w r s ] kr � ] kr n �ad b n ld �r n khc�r s ] s d � k] r d p r � n p � khZfs �r n t p b d r � hm�chr ok] w r ’� n p �z K A Cr •� e n p � s p ] 7� � b �
r hZm] kr �n p �Bfp hr s l] r �cd b n p ] s hn mr ---

�
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Cλ��bhdms�trd�ne�mdv�kXrdq�bqxrsXkr�qdpthqdr�X�etkk�bgXqXbsdqhyX,
shnm�ne�sgdhq�Xarnqoshnm�Xmc�ô�tnqdrbdmbd�oqnodqshdr-�Enq�gdwXfn,
mXk)�sdsqXfnmXk)�sqhfnmXk�Xmc�nqsgnqgnlahb�bqxrsXkr)�sgdrd�oqno,
dqshdr�Xqd�cdrbqhadc�ax�sgd�hlXfhmXqx�oXqs�ne�sgd�bnlokdw�rdbnmc�
qXmj�khmdXq�odqlhsshuhsx�sdmrnq�vghbg�hr�chXfnmXk�enq�sgqdd�oqhmbh,
oXk�Xwdr-�Sgdrd�Xwdr�Xqd�sgd�rXld�enq�sgd�qdXk�Xmc�hlXfhmXqx�oXqsr�
ne�sgd�khmdXq�odqlhsshuhsx�sdmrnq�Xmc�enql�Xm�nqsgnmnqlXk�eqXld�
bXkkdc�sgd�chdkdbsqhb�eqXld-�Enq�rtbg�bqxrsXkr)�ldXrtqdldmsr�ne�
Xarnqoshnm�Xmc�ô�tnqdrbdmbd�enq�khfgs�oqnoXfXshmf�Xknmf�sgd�ch,
dkdbsqhb�eqXld�Xwdr�oqnuhcd�sgdhq�bnlokdsd�bgXqXbsdqhyXshnm-�Vd�
gXud�cdlnmrsqXsdc)�gnvdudq)�sgXs�sghr�XooqnXbg�hr�mns�Xooqnoqh,
Xsd�enq�lnmnbkhmhb�bqxrsXkr-

Vd � f] q d � cd r hZmd c� ] m� d u od p hld ms ] k� ld s fn c� s f] s � ] kkn vr �
t r � s n �ld ] r t p d � s fd � b n lokd s d �chr s p hat s hn mr � n e � ] ar n p os hn m� ] mc�
ff�t n p d r b d mb d � n q d p � ] kk� ] mZt k] p � r o] b d -� Fs � t r d r � ] � r ofd p d � b t s � ] mc�
on khr fd c�hm�] �r hmZkd �b p w r s ] k�n e �s fd �l] s d p h] k�s n �ad �r s t chd c-�R fd �
r ofd p d � hr � n p hd ms d c�aw �W+ p ] w r � ] mc� s fd m�ok] b d c� n m� ] � J ] oo] � b hp +
b kd ’�r d d �D hZ-�/ -�Ct d �s n �s fd �r ofd p hb ] k�Zd n ld s p w ’�] �e n b t r d c�k] r d p �
ad ] l�b ] m�ad �op n o] Z] s d c�hm�] mw �b p w r s ] k�chp d b s hn m�aw �p n s ] s hmZ�
s fd �r ] lokd �n m�hs r d ke-�R fd �] ar n p os hn m�n e �s fd �k] r d p �ad ] l�] mc�s fd �

ff�t n p d r b d mb d �hs �Zd md p ] s d r �] p d �n ar d p q d c�e n p �d ] b f�n e �s fd r d �chp d b +
s hn mr -

Vd � r s t chd c� ] � 6 -3 3 � ll� ch] ld s d p � r ofd p d � n e � Mc9X BN@ ’� ] m�
X s s p ht l�B] kb ht l�Nu n an p ] s d �cn od c�vhs f�ff�t n p d r b d ms �hn mr �Mc2 )-�
Fs � ad kn mZr � s n � s fd � ln mn b khmhb � b p w r s ] k� b k] r r � l-� =r � ] m� d u ] lokd ’�
D hZ-�0 �r fn vr �] �r b ] m�n e �s fd �Mc2 )�] ar n p os hn m�b n d 7� � b hd ms �] s �. -7 / 0 �
” l’�Zhq d m�hm�on k] p �b n n p chm] s d r �] r �] �e t mb s hn m�n e �s fd �chp d b s hn m�n e �
op n o] Z] s hn m�hm�s fd �lhp p n p �ok] md �l-�Fs �v] r �p d b n p cd c�r d o] p ] s d kw �
e n p �s fd �od p od mchb t k] p �] mc�o] p ] kkd k�b n lon md ms r �n e �on k] p hy ] s hn m�
n e �] �k] r d p �ad ] l�0 s fd �z n p chm] p w •�] mc�z d u s p ] n p chm] p w •�] ar n p os hn m�

 nis F a s
– �H ] s p hb h] �P d Zn mcr ’��A l] hk�9��o] s p hb h] -r d Zn mcr ?Zp d mn akd -b mp r -e p �’�R d kd ofn md �9��)2 2 �3 6 4 7 7 6 7 . 6 -

C to s gd o �o d F chie�
– �z=ar n p os hn m�] mc�ff�t n p d r b d mb d �] mhr n s p n ohd r �n e �ln mn b khmhb �b p w r s ] kr �9�s fd �b ] r d �n e �Mc9X BN@ •’�X -�H d s hs ’�@ -�@ n t k] mZd p’�H -�P d Zn mcr ’�B-�
D È khu ’�@ -�LÈ m] d p s ’�I -�Y ] b b ] p n ’�E-�=i ] ’�Nos hb r �A u op d r r �/ 4 ’�6 8 8 6 �0 0 . . 7 ( -

b n d 7� � b hd ms r �p d r od b s hq d kw ( -�R fd �] mZt k] p �chr s p hat s hn m�n e �s fd �n p ch+
m] p w �] ar n p os hn m�b n d 7� � b hd ms �hr �hr n s p n ohb �vfhkd �s fd �d u s p ] n p chm] p w �
n md �d u fhahs r �] �ah+ kn a] k�o] s s d p m�vfn r d �r w lld s p w �] u d r �W&] ar �] mc�
Y &] ar �cn �mn s � b n hmb hcd �vhs f� s fd �W� ] mc� Y � ] u d r � n e � s fd �chd kd b s p hb �
e p ] ld -� D hZ-� 0 � ] kr n � r fn vr � s f] s � s fd � n p chm] p w � ] mc� d u s p ] n p chm] p w �
] ar n p os hn m� b n d 7� � b hd ms r � ] p d � d jt ] k� e n p � s vn � b p w r s ] k� n p hd ms ] s hn mr �
vd � b ] kk� s fd �z ] ar n p os hn m� ] u d r •� 0 ] u d r �==� hm� D hZ-� 0 ( -�R fd � ] mZt k] p �
q ] p h] s hn m�n e � s fd �n p chm] p w � ] mc�d u s p n p chm] p w �on k] p hy d c�Mc2 )� ff�t +
n p d r b d mb d � ] s � / -. 4 / � ” l� r fn vr � s vn � r hlhk] p � o] s s d p mr ’� at s � vhs f�
] u d r �W&ff�t n �] mc�Y &ff�t n �] s �] �chü�d p d ms �n p hd ms ] s hn m�hm�ok] md �l-

Fms d p op d s ] s hn m� n e � r t b f� d u od p hld ms r � p d jt hp d c� ] � Zd md p ] k�
] m] kw r hr � vhs f� ] � b n lokd u � khmd ] p � od p lhs s hq hs w � s d mr n p � vfn r d �
p d ] k�o] p s ’�cd 3�mhmZ�s fd � p d e p ] b s hq d � hmcd u � r t p e ] b d ’� hr �ch] Zn m] k� hm�
s fd �chd kd b s p hb � e p ] ld -�Gn vd q d p ’� s fd � hl] Zhm] p w �o] p s �cd r b p hahmZ�
Mc2 )�] ar n p os hn m�] mc�ff�t n p d r b d mb d �hr �ch] Zn m] k�hm�s vn �md v�] u hr �
e p ] ld r �b ] kkd c�] ar n p os hn m�e p ] ld �] mc�ff�t n p d r b d mb d �e p ] ld -�R fd w �
] p d �chü�d p d ms �e p n l�d ] b f�n s fd p �] mc�e p n l�s fd �chd kd b s p hb �e p ] ld -

Vfhkd � d u s d mchmZ� a] r hb � i mn vkd cZd � hm� s fd � 3�d kc� n e � b p w r s ] k�
n os hb r ’� s fhr � vn p i � hr � n e � op hld � hlon p s ] mb d � e n p � ] b fhd q hmZ� n os h+
lt l�t r d �n e �kn v�r w lld s p w �b p w r s ] kr �0ln mb khmhb �] mc�s p hb khmhb ( �] r �
l] s d p h] kr �e n p �k] r d p �cd q hb d r -

Ehf-�1�9�=mftkXq�chrsqhatshnmr�ne�sgd�Xarnqoshnm�bndλ��bhdms�ldXr,
tqdc�hm�sgd�lhqqnq�okXmd�ne�sgd�lnmnbkhmhb�bqxrsXk�Mc9DBNA-�Qdc�
bhqbkdr�Xqd�hmsdmrhsx�ne�sgd�odqodmchbtkXq�’nqchmXqx(�onkXqhyXshnm)�
akXbj�rptXqdr�Xqd�enq�sgd�hm,okXmd�’dwsqXnqchmXqx(�onkXqhyXshnm-�
Sgd�oXssdqm�enq�hm,okXmd�onkXqhyXshnm�hr�entmc�sn�ad�qnsXsdc�vhsg�
qdrodbs�sn�Xwdr�W�Xmc�Y�ne�sgd�chdkdbsqhb�eqXld-

Ehf-�0�9�RogdqhbXkkx�bts�bqxrsXk��lntmsdc�nm�X�JXooX�bhqbkd�enq�rstcx�
ne�XmftkXq�chrsqhatshnmr�ne�Xarnqoshnm�Xmc�ô�tnqdrbdmbd-

=ar n p os hn m�] mc�ff�t n p d r b d mb d �hm�ln mn b khmhb �k] r d p �b p w r s ] kr
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LXfmdshb�qdeqhfdqXshnm)�aXrdc�nm�sgd�lXfmdsnbXknqhb�de,
edbs)�gXr�fqdXs�oqnlhrd�enq�cnldrshb�Xmc�hmctrsqhXk�trd�Xmc�hr�Xs,
sqXbshud�enq�qdXrnmr�ne�ansg�dbnmnlhbr�Xmc�dbnknfx-�BnloXqdc�
sn�bnmudmshnmXk�qdeqhfdqXshnm�sdbgmhptdr)�hs�rgntkc�gXud�ghfgdq�
onvdq�dλ��bhdmbx�’5/ �bnloXqdc�sn�Xs�adrs�3/ ()�sgtr�qdctbhmf�
dmdqfx�bnmrtloshnm-�Etqsgdqlnqd)�hs�vntkc�qdctbd�sgd�trd�ne�
fqddmgntrd,dν�dbs�fXrdr�rtbg�Xr�Gxcqnô�tnqnbXqanmr�’0�jf�GEB�
hr�dpthuXkdms�sn�rdudqXk�snmr�ne�BNff(-�Sghr�sdbgmnknfx�qdpthqdr�no,
shlhyXshnm�ne�lXfmdshb�lXsdqhXkr�gXuhmf�ghfg�lXfmdsnbXknqhb�
odqenqlXmbd)�enq�trd�hm�sgd�ghfg�z�dkcr�XuXhkXakd�vhsg�mdv)�onv,
dqetk�odqlXmdms�lXfmdsr�rtbg�Xr�Mdncxmhtl,Hqnm,Anqnm�Xkknxr)�
Xr�vdkk�Xr�cdudknoldms�ne�eXrs�lXfmdshyXshnm.cdlXfmdshyXshnm�
sdbgmhptdr)�dλ��bhdms�sgdqlXk�dwbgXmfdr)�Xmc�ghfg�bnqqnrhnm�qd,
rhrsXmbd-

z Eh] ms •�l] Zmd s n b ] kn p hb �d ü� d b s r �p d r t ks �e p n l�s fd �op n od p s w �n e �
e d p p n l] Zmd s hb � hmr s ] ahkhs w � hm� b d p s ] hm� b n lon t mcr � f] q hmZ� q d p w �
fhZf�l] Zmd s hy ] s hn m�cd mr hs hd r -�Vfd m�r t b f�] �l] s d p h] k�hr �ln q d c�
hms n �] �fhZf�l] Zmd s hb �3�d kc�] s �s d lod p ] s t p d r �md ] p �s fd �Bt p hd �s d l+
od p ] s t p d ’�s fd �l] Zmd s hb �ln ld ms r �s d mc�s n �] khZm-�R fhr �n p cd p hmZ�
b n p p d r on mcr �s n �] �p d ct b s hn m�n e �s fd �l] Zmd s hb �d ms p n ow �Rl-�Tmcd p �
] ch] a] s hb � b n mchs hn mr ’� h-d -�mn �fd ] s � d u b f] mZd �vhs f� s fd � d mq hp n m+
ld ms ’�s fd �s n s ] k�d ms p n ow �n e �s fd �l] s d p h] k�hr �b n mr s ] ms -�R fd �d ms p n ow �
n e �k] s s hb d �q hap ] s hn mr �0ofn mn mr ( �] mc�n e �b n mct b s hn m�d kd b s p n mr �hm+
b p d ] r d r �s n �b n lod mr ] s d �s fd �e ] kk�n e �Rl’�p ] hr hmZ�s fd �s d lod p ] s t p d �
n e �s fd �l] s d p h] k-�Fmq d p r d kw ’�s fd �l] s d p h] k�hr �b n n kd c�he �hs �hr �ln q d c�
p ] ohckw �n t s �n e �s fd �l] Zmd s hb �3�d kc-

R n � ] ookw � s fd r d �op n od p s hd r � s n � p d e p hZd p ] s hn m’� ] �B] p mn s � s w od �
b w b kd � hr � r d s � t o� 9�Gd ] s � hr � s p ] mr e d p p d c� s n � ] �fd ] s � r hmi �ct p hmZ� s fd �
l] Zmd s hy ] s hn m�of] r d ’�] mc�fd ] s �hr �vhs fcp ] vm�e p n l�s fd �q n kt ld �
s n �ad �p d e p hZd p ] s d c�ct p hmZ�s fd �cd l] Zmd s hy ] s hn m�of] r d -�U] p hn t r �
f] p lkd r r �ff�t hcr �b ] m�r d p q d �] r �s fd �fd ] s �d u b f] mZd �ld cht l-

Fm�s fd �e p ] ld vn p i �n e �] �Ep d mn akd �b n mr n p s ht l�hmq n kq hmZ�s fd �
MÈ d k�Fmr s hs t s d �] mc�s fd �BQ A R =�0Bn mr n p s ht l�cd �Q d b fd p b fd �on t p �
k&A ld p Zd mb d �cd �R d b fmn kn Zhd r �=q ] mb È d r ( ’�vd �] p d �r s t cw hmZ�q ] p h+
n t r � e ] lhkhd r � n e � fhZf� od p e n p l] mb d � l] s d p h] kr ’� vhs f� s fd � ] hl� n e �
t r hmZ� s fd l� hm� s fd � p d e p hZd p ] s hn m� r w r s d lr � ad hmZ� cd q d kn od c� ] s �
s fd �E0 A K ] a’�Ep d mn akd � Fmr s hs t s d � n e �R d b fmn kn Zw -�Vd �f] q d �cd l+
n mr s p ] s d c� s f] s � s fd � e ] lhkw � n e � b n lon t mcr � n e � s fd � e n p lt k] � s w od �
K ] D d / 2 + u P hu � f] q d � d u b d os hn m] k� l] Zmd s n b ] kn p hb � od p e n p l] mb d r �
vfn r d �p ] mZd r �n e �n od p ] s hmZ�s d lod p ] s t p d �b ] m�ad �b n ms p n kkd c�aw �
hmr d p s hmZ�] �khZfs �hms d p r s hs h] k�d kd ld ms �r t b f�] r �G’�B�n p �M�hms n �s fd �
ld s ] kkhb � k] s s hb d -� R fhr � hmr d p s hn m� chk] s d r � s fd � k] s s hb d ’� p d hmen p b hmZ�
s fd �D d + D d �d u b f] mZd �e n p b d r �] mc�ln q hmZ�s fd �Bt p hd �s d lod p ] s t p d �
s n �s fd �cd r hp d c�p ] mZd -

D hZ-� / � r fn vr � s fd � od p e n p l] mb d � ] r � b n mb d p mr � d ms p n ow � q ] p h+

 nis F a s
– �C] mhd k�D p t b f] p s ’��A l] hk�9��c] mhd k-e p t b f] p s ?Zp d mn akd -b mp r -e p �’�R d kd ofn md �9��)2 2 �3 6 4 7 7 / / 3 2 -

C to s gd o �o d F chie
– �z A ü� d b s �n e �hms d p r s hs h] k�mhs p n Zd m�n m�l] Zmd s hr l�] mc�d ms p n ow �b f] mZd �n e �K ] D d 22≈2 P h2≈. �b n lon t mc•�’�L-�@ ] kkh’�L-�Q n r b ] ’�C-�D p t b f] p s ’�C-�
EhZmn t u �’�I -�L] Zm-�L] Zm-�L] s d p -�2 0 / ’�/ 0 2 �0 0 . . 8 ( -

] s hn mr � e n p � q ] p hn t r � l] s d p h] kr � n e � s fhr � e ] lhkw � s f] s � b ] m� mn v� ad �
op n ct b d c� hm� ] � vd kk� b n ms p n kkd c� l] mmd p � aw � ofw r hb n + b fd lhb ] k�
s p d ] s ld ms r �cd q d kn od c� ] s � s fd �MÈ d k� Fmr s hs t s d -�Mt ld p n t r � n s fd p �
l] s d p h] kr � ] p d � r s t chd c� hm� n t p � k] an p ] s n p w � at s � s fd r d � K ] D d P h� l] +
s d p h] kr � r d d l�s n �f] q d � s fd �ad r s �op n od p s hd r � hm� q hd v�n e �l] Zmd s hb �
p d e p hZd p ] s hn m�] ookhb ] s hn mr -

R fhr � p d r d ] p b f� hr � cn md � hm� b n n od p ] s hn m� vhs f� p d r d ] p b fd p r � ] s �
=EG�Tmhq d p r hs w �n e �P b hd mb d r �] mc�R d b fn mn kn Zw ’�J p ] i n v�0 H n k] mc(�
] mc�H d p l�P s ] s d �Tmhq d p r hs w �0 Q t r r h] ( -�Nt p �hmct r s p h] k�o] p s md p r �] p d �
=p b d kn p +Lhs s ] k� ] r � b n mb d p mr � s fd � hmct r s p h] k�cd q d kn old ms � n e � s fd �
l] s d p h] kr ’�Lb H Gw �A md p Zw �e n p �on vcd p �s p d ] s ld ms r ’�] mc�Bn n ks d b f�
=ookhb ] s hn mr � e n p � s fd � d mZhmd d p hmZ� n e � l] Zmd s n b ] kn p hb � r w r s d lr �
0 p d e p hZd p ] s hn m’� ] hp � b n mchs hn mhmZ’� vhmd � b d kk] p r ( ’� vhs f� r t oon p s �
e p n l� s fd � =CA LA � ] mc� n s fd p � m] s hn m] k� ] mc� p d Zhn m] k� d md p Zw � p d +
r d ] p b f�] Zd mb hd r �] mc�e p n l�H P =�H d t Zd n s �Bhs p n é m-�R fd �3�p r s �b n l+
ld p b h] kkw �cd r hZmd c�r w r s d lr �r fn t kc�] ood ] p �hm�0 . . 8 -

Fms d p r s hs h] k�K ] D d P h�l] s d p h] kr �e n p �l] Zmd s hb �p d e p hZd p ] s hn m

Ehf-�09�UXqhXshnm�ne�lXfmdshb�dmsqnox�enq�bnlontmcr�ne�sgd�enq,
ltkX�KXEd02,wRhw�)�otqd�Xmc�vhsg�hmrdqshnmr�ne�hmsdqrshshXk�dkdldmsr�
G�Xmc�B�’Mhsqnfdm)�mns�rgnvm)�fhudr�X�ffiR�odXj�Xs�12/�J(-�Btqudr�
enq�sgd�bkXrrhb�lXfmdsnbXknqhb�lXsdqhXk�FXcnkhmhtl�Xqd�fhudm�enq�
qdedqdmbd-�Btqudr�vdqd�nasXhmdc�ax�Xookxhmf�sgd�BkXtrhtr,BkXo,
dxqnm�dptXshnm�sn�cXsX�eqnl�hrnsgdqlXk�lXfmdshyXshnm�ldXrtqd,
ldmsr�hm�0S�nq�1S�z�dkcr-�Sgdx�rgnv�sgd�dwbdoshnmXk�Xlokhstcd�ne�
sgd�dmsqnox�uXqhXshnm�ne�KXEdRh�lXsdqhXkr-�Sgd�cdrhqdc�qXmfd�ne�
qdeqhfdqXshnm�sdlodqXstqdr�’d-f-�mdXq�2//�J(�bntkc�ad�Xbghdudc�ax�
bnlonrhsd�lXsdqhXkr�vhsg�bnmshmtntrkx�nudqkXoohmf�btqudr-

5_



Sgd�Xcudms�ne�sgd�mXmnrbhdmbdr�bXkkr�enq�sgd�cdudknoldms�
ne�knbXk�rsqtbstqXk�oqnadr�sn�bgXqXbsdqhyd�qdXk)�hkk,nqcdqdc�nq�gds,
dqnfdmdntr�lXsdqhXkr-�Etqsgdqlnqd)�oqnodqshdr�ne�lXsdqhXkr�Xqd�
nesdm�qdkXsdc�sn�sgdhq�gdsdqnfdmdhsx�nq�sn�sgd�oqdrdmbd�ne�X�lhmnq�
bnmrshstdms�Xmc.nq�sn�X�ghdqXqbghbXk�XqqXmfdldms�ne�sgdhq�rsqtb,
stqd�nq�ne�sgdhq�nqcdq-�Sghr�hr�sgd�bXrd�enq�lXsdqhXkr�Xr�chudqrd�Xr�
Xkknxr)�bdldmsr)�mXmn,bnlonmdmsr)�anmdr)�ohfldmsr�nq�lhmdqXk�
oqnctbsr-

R fd �] m] kw r hr �n e �r t b f�l] s d p h] kr �p d jt hp d r �Zn hmZ�ad w n mc�s fd �
t r t ] k�on vcd p �W� Q ] w �chü� p ] b s hn m� 0WQ C(� s d b fmhjt d r � s n �cd q d kn o�
md v� r s p t b s t p ] k�op n ad r � ] oop n op h] s d � e n p �an s f� kn b ] k� ] mc�Zkn a] k�
jt ] ms hs ] s hq d � ] m] kw r d r -� =ks fn t Zf� hs � hr � n md � n e � s fd � ad r s � jt ] ms h+
s ] s hq d � Zkn a] k� op n ad r � ] q ] hk] akd ’� WQ C� r t ü� d p r � e p n l� ] � p d k] s hq d kw �
kn v�cd s d b s hn m� s fp d r fn kc� 0 ] � e d v�od p b d ms ( -� �Nm�s fd � n s fd p �f] mc’�
d kd b s p n m� chü� p ] b s hn m, lhb p n r b n ow � hr � q d p w � d ü� d b s hq d � kn b ] kkw � at s �
mn s � Zn n c� e n p � Zkn a] k� ] m] kw r hr ’� ] mc� s fd � r ] lokd � op d o] p ] s hn m� hr �
cd r s p t b s hq d -

Tr hmZ� ] oo] p ] s t r � hmr s ] kkd c� ] s � s fd � A t p n od ] m� P w mb fp n s p n m�
Q ] ch] s hn m� D ] b hkhs w � 0 A P Q D ( ’� Ep d mn akd ’� vd � f] q d � r fn vm� s fd � on +
s d ms h] k�n e �Bn lot s d c�R n ln Zp ] ofw �] ookhd c�s n �W+ p ] w �chü� p ] b s hn m’�
e n p �] m] kw r hr �n e �b n lon t mcr �n p �t mi mn vm�of] r d r �hm�m] mn l] s d p h+
] kr �] mc�on vcd p r -�Vd �cd ln mr s p ] s d c�hs r �t r d e t kmd r r �3�p r s �n m�s fd �
op n ct b s �n e �] �fhZf�op d r r t p d �d u od p hld ms �vfd p d �] ��e t kkd p d md �0Bx 6 ( �
v] r �s p ] mr e n p ld c�hms n �] ln p ofn t r �n p �b p w r s ] kkhmd �ch] ln mc-�=r �] �
r d b n mc�d u ] lokd ’�vd �r s t chd c�] �on kw b p w r s ] kkhmd �jt ] p s y + b f] kb d c+
n mw � r ] lokd � b n ms ] hmhmZ� hp n m�ohZld ms r � ] mc�vd � p d b n mr s p t b s d c�
s fp d d + chld mr hn m] k� l] or � n e � s fd � chü�d p d ms � of] r d r � op d r d ms � hm�
s fhr �fd s d p n Zd mn t r �l] s d p h] k’�r d d �D hZ-�/ -

Nt p � W+ Q ] w � Chü� p ] b s hn m� Bn lot s d c� R n ln Zp ] ofw � 0WQ C+ BR ( �
ld s fn c�op n q hcd r �] �s n n k�e n p �0 h( �p d b n mr s p t b s hmZ�r d kd b s hq d �hl] Zd r �
n e �d ] b f�of] r d �hm�s fd �r s p t b s t p d �t r hmZ�chp d b s �r od b s p ] k�] m] kw r hr �0 hh( �
d u s p ] b s hmZ� chü� p ] b s d c� ] mc� r b ] s s d p hmZ� ch] Zp ] lr � n e � d ] b f� of] r d �
t r hmZ�] m�hmq d p r d � ] m] kw r hr -� �R fd � r d mr hs hq hs w � n e � s fhr �mn m+ cd r s p t b +
s hq d �r s p t b s t p ] k�] m] kw r hr �ld s fn c�hr �ad s s d p �s f] m�. -/ 4-�R fd �r o] s h] k�
p d r n kt s hn m�b ] m�p ] mZd �cn vm�s n �/ �lhb p n m-

D t p s fd p ln p d ’� s fd � Chü� p ] b s hn m+R n ln Zp ] ofw � d u od p hld ms �
b ] m�ad �b n t okd c�vhs f�] ar n p os hn m�n p �ff�t n p d r b d mb d �s n ln Zp ] ofw �
s n �Zhq d � ] �z lt ks hln c] k•�mn m+ cd r s p t b s hq d � ] m] kw r hr �vhs f� ] ookhb ] +
s hn mr �hm�3�d kcr �] r �chq d p r d �] r �l] s d p h] kr �r b hd mb d ’�b fd lhr s p w ’�Zd n k+
n Zw ’�d mq hp n mld ms ] k�] mc�ld chb ] k�r b hd mb d r ’�o] k] d n ms n kn Zw �] mc�
] p s + p d k] s d c�l] s d p h] kr -

 nis F a s
– �I d ] m+ K n t hr �Gn cd ] t ’��A l] hk9�gd ] m+ kn t hr -fn cd ] t ?Zp d mn akd -b mp r -e p �’�R d kd ofn md 9�)2 2 �3 6 4 7 7 / / 3 0 -

C to s gd o �o d F chie
– �z H p n ahmZ�s fd �r s p t b s t p d �n e �fd s d p n Zd mn t r �chkt s d c�l] s d p h] kr �aw �chü� p ] b s hn m�s n ln Zp ] ofw •’�H -�@ kd t d s ’�A -�Vd kb n lld ’�A -�Cn n p w fÈ d ’�I -�
P t r hmh’�I + K �Gn cd ] t �] mc�H -�V] ks d p ’�M] s -�L] s -�6 ’�3 4 7 �0 0 . . 7 ( -

P s p t b s t p d �n e �fd s d p n Zd md n t r �l] s d p h] kr �aw �chü� p ] b s hn m�s n ln Zp ] ofw

Ehf-�09�OgXrd�rdkdbshuhsx�ne�sgd�W�QXx�”hν�qXbshnmZBnlotsdc�Sn,
lnfqXogx�sdbgmhptd�hkktrsqXsdc�enq�X�gdsdqnfdmntr�lXsdqhXk�9�X�
ptXqsy,bgXkbdcnmx�aXrdc�hqnm�ohfldms-�Hmrdsr�Xqd�hlXfdr�qdbnm,
rsqtbsdc�ax�chqdbs�XmXkxrhr�ne�sgd�cXsX�Xmc�akXbj�btqudr�Xqd�dw,
odqhldmsXk�chν�qXbshnm�rodbsqX�eqnl�hmudqrd�XmXkxrhr-��Qdc�btqudr�
Xqd�bXkbtkXsdc�rodbsqX�enq�chν�dqdms�ogXrdr)�eqnl�Qhdsudkc�onvcdq�
chν�qXbshnm�lncdkkhmf-�Ehf-�0’X(�rgnvr�snsXk�hlXfd�Xmc�bnloXqdr�
snsXk�dwodqhldmsXk�WQ”�rodbsqtl�’akXbj(�sn�X�bXkbtkXsdc�rodb,
sqtl�’qdc(�ne�otqd�bgXkbdcnmx-�Ehf-�0’a(9�hlXfd�Xmc�rodbsqX�enq�
sgd�oqdcnlhmXms�ptXqsy,bgXkbdcnmx�ogXrd-�Ehf�0’b(9�hlXfd�Xmc�
rodbsqX�enq�lhmnqhsx�gXdlXshsd�ogXrd�’EdffNΔ(-
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