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Ë Ì ,Y' $ÎÍ Ï ÌHÐ&Ñ Ò )Ó,

Àb�¶¼ ºm��¤��8�a���o��f#¤4��£ ���`{9|é��¤3e�f#£����s�~��¨:���v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v�'¼ÔjÀb�ÍÀ �¿£����s�W��©ª��»V�s�T´¶»v¤4³#¨s����f���´ª�~� »V���~¨�¨§¨s��»V��´ª�~� ���^�v�v���v�v���^�v�v���v�v���^�v���v�v�'¼3d
½b�¶¼ bZ»T£(��°±¤4��´¶»��Z´ª�ªq ������£(��{�� · ���v�v���v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v� À�À½b�ÍÀ ��b(���-É º ¤��W� º °	�ÔÕ»o´ª����»Ôe �^���v�v���v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v� ÀMj½b�Í½ ¦�����º©�_�ÃÉ º ¤��×� º °:�ÔÕ»o´ª����»Ôe �v�v���v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v� ÀMj½b�kj {oº�m�ÖJ��bZ�0���~�Z|ë¤Mc(´¶¨_�Ô�d��»V��´����t¤4����¤ �v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v� À~Ä½b��d {oº�m�ÖJ¦§�:�_�~�Z|ë¤Mc(´¶¨_�Ô�d��»V��´����f¤4����¤ ���v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v� À�i½b��h ����bZm · ��bZ�0�*q²´¶��¥(�Bq ¨ º f�fd�����G¨s�s� º »V� º ��� �v�v���v�v���^�v�v���v�v���^�v���v�v� À�i½b�ÎÄ �½cZfd�~¨ º ����°±¤�fK�O���§��£(�v��bZ�0� ��³#¨s�o�g�4¤4��´ª�~� ���½n�¢��xj�d�h�p��v�v���v�v���^�v���v�v� À�p
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c Ü«Ýg�«�Þ�0ßÙßKÝ3à�á@â9���
ÄW�ÎÄ n�¢}�-j�d�h�pb� �0bZ��� ¨gfh��»V�s�T¤ ���v�^���v�v�v���v�^���v�v���v�v�^���v�v���v�v�^���v�v� Ä4½ÄW��i �±� ½�d�i�½b� ��b(��� �B���o�9��³#¤���¥ ¤��#¥8¦9¼ �v���v�^���v�v���v�v�^���v�v���v�v�^���v�v� Ä�h
ib�¶¼ n�¢}� À�p4Á~½b� �0bZ��� ¤��#¥8¦§�:�3¾K�_ �v�v�v���v�^���v�v���v�v�^���v�v���v�v�^���v�v�°i�iib�ÍÀ n�¢}� À�p4Á~½b� �0bZ��� �B���o�F��³q¤���¥6���v�v�v���v�^���v�v���v�v�^���v�v���v�v�^���v�v�°i�iib�Í½ n�¢}� À�p4Á~½b� �0bZ��� �B���o��¦F¼ �v�^���v�v�v���v�^���v�v���v�v�^���v�v���v�v�^���v�v�°i�pib�kj n�¢}� À�p4Á~½b� ¦����3�S���o�o��³#¤���¥ ¤��#¥8¦9¼ ���v�^���v�v���v�v�^���v�v���v�v�^���v�v�°p4Áib��d n�¢}� À�p4Á~½b� �0bZ���*{9|é��¤Se ��°±´¶¨�¨�´¶�~��»V�~°®fh�~�����×��¨²�v�v���v�v�^���v�v���v�v�^���v�v�°p4Áib��h n�¢}� À�p4Á~½b� �0bZ��� ¨gfh��»V�s�T¤ ���v�^���v�v�v���v�^���v�v���v�v�^���v�v���v�v�^���v�v�°pZ¼ib�ÎÄ n�¢}� À�p4Á~½b� ¨gfh��»V�s�T¤�©�¾#��¨_�������×��´¶���vµ~¤�©¶¤McZeulu� ����°±¨�¨s�s��¤�£#© º �(µ(Ã(�²¤Seb°±�~��¥Z|�bZ°±´¶��£ p�Àib��i n�¢}� À�p4Á~½b� ¨gfh��»V�s�T¤�©�¾#��¨_����� º »o©ª� º ¨�lu�3����°±¨�¨s�s��¤�£�© º �(µ(Ã(�²¤3eZ°E�~��¥O|�bZ°±´ª��£'�v�v�°p�Àib��p n�¢}� À�p4Á~½b�¿µ��o�~°±�o�s�ge8¨s¯��o��»�£m����� º �
ã#�Sq����v�^���v�v���v�v�^���v�v���v�v�^���v�v�°p�h



Ë Ì ,Y' $ÎÍ ä åçæ èH)Ó,

½b�¶¼ º ¤�´¶�8»�£#¤4��¤�»V�s�o��´¶¨s��´|»o¨�������£(�v����bZm · »V�~°®fh�~�����×��¨:{Fºém^Ãq��bZ�0��Ã�¤���¥ ¦����P�K�v� À�d½b�ÍÀ ~ ´|¨s�_���®���}bZm · ��³#¨s�o���J¤4��´ª�~�#¤�©w¥�¤4��¤Z�>�v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v� À�h
j(�¶¼ n�¢��-j�j�¼oÁZ�3¦§�:�G¨�� º ��»V�v¥(�o�s��»V��´ª�~�����v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v� ½�dj(�ÍÀ n�¢��-j�j�¼oÁZ�3¨±fd��»V�s��¤�©�¾#��¨ �v�^���v�v���v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v� ½�i
db�¶¼ n�¢��-j×½4Á~½b� ³#¤�¨�´¶»of#¤4�T¤�°E�o�s�o��¨ �v�v���v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v�¬j�idb�ÍÀ n�¢��-j×½4Á~½b�3¦§�:�G¤��#¥ ��bZ�0� ��³#¨s�o�g�4¤4��´ª�~�8©¶��µ=�v���v�v���^�v�v���v�v���^�v���v�v�¬j�pdb�Í½ n�¢��-j×½4Á~½b�3¦§�:�G¨�� º ��»V�v¥(�o�s��»V��´ª�~�����v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v�¬j�pdb�kj n�¢��-j×½4Á~½b�3»V� º �×�²��¤4�s��¨0l�¦����G¨s� º �T»V��¨ ���^�v�v���v�v���^�v�v���v�v���^�v���v�v�°d4Ádb��d n�¢��-j×½4Á~½b�3¨±fd��»V�s��¤�©�¾#��¨ �v�^���v�v���v�v���^�v�v���v�v���^�v�v���v�v���^�v���v�v�°d�À
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ª«¬ ®¯ °±²³
´µ¶· ¸¹º» ¼
ª·¬µ® ½¾«¶ ´· ¿« À«¶« °

º ¬µ® ½¾«¶ ´· ¿º ¬Á ®Â¶
Ã®¶®Â¶· ½
Ä ® ¿¶ ½« Â·· ½À ´¿«¶®µ
Ã«¶®· ¸

ÅÆÇ ·µÈ ½® É½´¿Â ´Ç « 
Ä · ÊË¿¾®µ¶ ´Ì «¶· ½

ËÃÍ ¹º¹Î

¹ ¼ÍÐÏ ±ÑÑÑÎ Ã®ÂÍÐÏ ±ÑÑÑÎ ·¬µ® ½¾«¶ ´· ¿
¶ ´Ò®Í µ®ÂÎ ´¿¾®µ¶ ´Ì «¶· ½

ÓÑÑÔÕÖÇ
×ØÄ ÙÙÚÑ É» É
Ä Ú±�Û±ÓiÜ±Õ ÝMÞÕ
ß Ñà0áÑ ÚiâÚ± ââ
Ï È ¿±Õ�ã¯Ñä Úàà¯ ±¯¯ÓÕ
×°Ï È ¿å®µ�æ
Ø °ç® ¿µ ® ½ æ

ÓÑÑÓà Ùè
×ØÄ ÙÙÚÑ ç¹ ËÚ±�Û±ÓiÜ±Õ ÝMÞÕ
ß Ñà0áÑ ÚiâÚ± ââ
Ï È ¿±Ö ãÏ È Úä ÚààÔ¯ÓÖ ±Ó
×°Ï È ¿å®µ
Ø °ç® ¿µ ® ½

ÖÑ ÚÑàÔÇ3é
×ØÄ Ù¯Ñ¯ É» É
Ä Ú±�Û±± Ü±ÚÝMÞÓß Ñ Ù áÚ¯ âÚÚiââ
Ã®Â ±Ù ã±Óä Úàà ±
Õ Ú¯Ô
¹ °» ¶«È¬® ½¶

ÓÑÑÕÔ Ùè
×ØÄ Ù¯Ñ¯ ç¹ ËÚ±�Û±Ú ÜÔÔ ÝMÞ±
ß Ñ Ù á±Õ âÚÚiââ
Ï È ± ãÕä ÚààÓ
ÚÓÑÔÔ
×°Ï È ¿å®µ
Ø °ç® ¿µ ® ½

ÓÑÑÕÔ Ùè ÊÚ
×ØÄ Ù¯Ñ¯ ç¹ ËÚ±�Û±Ú ÜÔÔ ÝMÞ±
ß Ñ Ù á±Õ âÚÚiââ
Ï È ¿à ã±¯ä ÚààÖ
±ÖÔ¯Õ
×°Ï È ¿å®µ
Ø °ç® ¿µ ® ½

ÓÑÑÕÔ Ùè Ê±
×ØÄ Ù¯Ñ¯ ç¹ ËÚ±�Û±Ú ÜÔÔ ÝMÞ±
ß Ñ Ù á±Õ âÚÚiââ
Ï « ¿Ó ãÖä ÚààÕ
ÔÓÑÑ
×°Ï È ¿å®µ
Ø °ç® ¿µ ® ½

ÓÑÑ Ù¯ÖÇ ÊÚ
×ØÄ ÙÔÓà É» É
Ä Ú±�Û¯Ó_ÜÙÕ Ý;ÞÑß Ú¯ áÚÑ âÚ± ââ
Ã®Â Úà ã±Úä Úàà ±ÚÖàÖÓ
×°Ï È ¿å®µ
Ø °ç® ¿µ ® ½

ÓÑÑÓÑ¯ è
×ØÄ ÙÔÓà ç¹ ËÚ±�Û¯Ó_ÜÙÕ Ý;ÞÑß Ú¯ áÑà â¯Ó ââÏ È ÚÑ ÊÚÚä Úàà Ù
±ÚÑà
×°Ï È ¿å®µ
Ø °ç® ¿µ ® ½

ÓÑÑÓÑ¯ è ÊÚ
×ØÄ ÙÔÓà ç¹ ËÚ±�Û¯ÓiÜÙÕ ÝMÞÑß Ú¯ áÑà â¯Ó ââÏ È ¿ÚÕ�ã±Úä ÚààÔ
±ÚÕÔÕ
×°Ï È ¿å®µ
Ø °ç® ¿µ ® ½

ÓÑÑÑà¯Ç
×ØÄ ±àÑ¯ É» É
Ä
Ñà Û¯ ± ÜÑà Ý;ÞÓß ±Ú á¯Ñ âÑÑ ââê«ë Ó ãÖä Úàà Ú
à ÚÕ Ù
ç°ì´¿¿®Â å® ½×°Ï È ¿å®µ

ÓÑÑÓÑ ±è
×ØÄ ±àÑ¯ ç¹ Ë
Ñà Û¯ ± ÜÑà Ý;ÞÓß ±Ú á¯Ñ âÑÑ ââ¼
Ç ½±Ö ã±àä Úàà ÙÚ¯Ó Úà
×°Ï È ¿å®µ
Ø °ç® ¿µ ® ½

ÓÑÑÓÑ ±è ÊÚ
×ØÄ ±àÑ¯ ç¹ Ë
Ñà Û¯ ± ÜÑà Ý;ÞÓß ±Ú á¯Ñ âÑÑ ââ×·¾Öä Úàà Ù
Õ ±Õ Ù
×°Ï È ¿å®µ
Ø °ç® ¿µ ® ½

íîïðïðï ñò óôõö ÷ð øòùúû üý
îïðï üõþ øÿ�ò

�� óÿ�ò õ� ÿð� �ÿò �� � ò õ÷ï ó�
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Abstract. Thelate-typegalaxyNGC4303(M61) is oneof the
most� intensively studiedbarredgalaxiesin the Virgo Cluster.
Its prominentenhancedstar formationthroughoutlarge areas
of� the disk canbe nicely studieddueto its low inclination of
about	 27
 .

W
�

e presentobservations of NGC 4303 with the ROSAT
PSPCandHRI in thesoftX-ray (0.1–2.4keV). Thebulk of the
X-ray

�
emissionis locatedat the nuclearregion. It contributes

morethan80%to thetotalobservedsoftX-ray flux. Theexten-
sion of thecentralX-ray sourceandthe � � /

� � � �
ratio� pointto a

low luminousAGN (LINER) with acircumnuclearstar-forming
re� gion.Severalseparatedisk sourcescanbedistinguishedwith
the
�

HRI, coincidingspatiallywith someof themostluminous
H
� � �

re� gionsoutsidethe nucleusof NGC 4303.The total star
formationrateamountsto 1–2 M � yr� � � . The X-ray structure
follo
�

ws thedistribution of starformationwith enhancementat
the
�

bar-typical patterns.
The
�

best spectralfit consistsof a power-law component
(A
�

GN andHMXBs) anda thermalplasmacomponentof hot
gas� from supernova remnantsandsuperbubbles.Thetotal 0.1–
2.4keV luminosity of NGC 4303amountsto 5  10! " er# gs$ % ,&
consistent' with comparablegalaxies,like e.g.NGC 4569.

K
(

ey words: galaxies:� individual: NGC 4303– galaxies:star-
b
)
urst– galaxies:active – X-rays:galaxies

1.
*

Intr oduction

Barred
+

galaxiesconstitutea major fraction of all disc galax-
ies classifiedin the optical, more than 50% including strong
bars

)
and intermediatemorphologies(Sellwood & Wilkinson

1993).This fraction increaseswhenalsonear-infraredimages
are	 usedfor classification,thusunderliningtheimportancefor
the

�
generalunderstandingof theevolutionof galaxies.Thenon-

axisymmetric	 potentialhasastrongimpactonthegasdynamics
and	 the starformationin barredsystems.Observationsreveal
a	 correlationbetweenthe radial abundancegradientand the
strength of the bar (Martin & Roy 1994; Friedli et al. 1994;
Martinet

,
& Friedli 1997).Thisis interpretedastheresultof two

ef# fectscausedby thebar:astrongerradialgasflow andhencea
stronger radialmixingof metalsandtheefficiency of starforma-

Send offprint requests to:- D. Tscḧok. e

tion.
�

Theradialmasstransferconcentratesgasnearthegalactic
center' andat the endsof the bar at corotation.Enhancedstar
formationis theconsequenceof gasaccumulation.Therotating
bar
)

potentialalsoheatsup the outerdisk partswhich leadsto
largerstellarvelocitydispersionsandaradialdiffusionof stars.
(Sell
�

wood& Wilkinson 1993).
Galactic
/

barshavealsobeenconsideredto supportthecen-
tral
�

infall of gasto feed a central“monster”(e.g.Beck et al.
1999).Severalauthorshave claimedthatactive galacticnuclei
(A
�

GN) are more likely in barredgalaxiesthan in non-barred
ones� (e.g.Simkin et al. 1980;Arsenault1989).Hummelet al.
(1990)
�

notethat the fractionof centralradiosourcesin barred
spirals isbyafactorof 5higherthanin non-barredspirals.Other
authors	 doubtthatthereis asignificantlyhighernumberof bars
in galaxiesharboringan AGN (e.g.Balick & Heckman1982;
Ho
�

et al. 1997).It appearsthat the concentrationof gason a
scale of 0 1 kpc at the galacticcenterrequiredto enhancethe
central' starformationcaneasilybeachieved by abarpotential.
It seemsmuchmoredifficult, however, to accumulateenough
gas� on a scaleof a few pc to tensof pc in orderto producean
AGN.Othereffectsdependingontheenvironmentof thegalax-
ies
1

(interaction:Elmegreenet al. 1990;H 2 contents:' Cayatteet
al.	 1990)play animportantrole in massdistribution, gasflow,
and	 thereforein theformationandevolutionof barsandthestar
formationhistoryin thesesystems.

One
3

of the most famous,closestandmostwidely studied
barred
)

galaxiesis NGC4303(M61),memberof theVirgo Clus-
ter
�

, which is observedataninclinationof 274 (Guhathakurta
�

et
al.	 1988).Optical spectraof this galaxy indicatethat it con-
sists of a nuclearstarburst anda LINER or Seyfert 2 nucleus
(Filippenk
�

o & Sargent1986;Kennicuttet al. 1989;Colina et
al.	 1997;Colina& Arribas1999,hereafterCA99). Indications
for a high starformationrate(SFR)in NGC 4303aregiven by
the
�

numerousH 5 5 re� gions(Hodge& Kennicutt1983;Martin
&
6

Roy 1992,hereafterMR92) andthreeobserved supernovae
(v
�

anDyk 1992).It alsoshowsstrongradioemissiondistributed
o� ver the entire disk (Condon1983).Colina et al. (1997) and
CA99
7

discussedthequestionof astarburst–AGN connectionin
this
�

barredgalaxy, usingopticalspectroscopy andHSTUV im-
ages.	 Thedatarangefrom a nuclearspiralstructureof massive
star -formingregionswith anouterradiusof 225pcdown to the
unresolv8 ed coreof a size 9 8

:
pc. From the UV datait is not

clear' if thecoreis a massive stellarclusteror a pureAGN.
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VLA
;

observations(Cayatteetal.1990)show thatNGC4303
is

1
nothighly H < deficient,

=
whichcanbeexplainedby only slight

en# vironmentalinfluencesin the outermostregion of the Virgo
Cluster

7
. Theprojecteddistanceto M87 is 8>?

2
@

(Warmels1988).
No
A

significantdifferenceof theabundancegradientin thediskof
NGC
A

4303comparedto non-barredspiralgalaxieshasbeenob-
serv ed(MR92).Martinet& Friedli (1997)discussedtheabun-
dance
=

gradientslopein termsof barage.Accordingto them,a
steep gradientin thebarandaflat onein theouterdiskaretyp-
ical
1

for a youngbarwhile a singleflat gradientin baranddisk
characterizes' anold bar. MR92 did not determinethegradient
at	 large radii becauseof a small numberof H B B re� gions.Mar-
tinet
�

& Friedli (1997)alsoclaimedthatbarsin late-typespirals
withC enhancedstarformationlikeNGC4303areexpectedto be
young.�

Probable
D

interactioncompanionsare the nearbygalaxies
NGC
A

4303A (Condon1983) and NGC 4292 (Cayatteet al.
1990),at distancesof 7EF 5G northwestand10H northeast,I respec-
ti
�

vely.

2.
J

Observationsand data reduction

In
K

this paperwe presentdatafrom theHigh ResolutionImager
(HRI)
�

andthePositionSensitive ProportionalCounter(PSPC)
on� boardof the X-ray satelliteROSAT. This X-ray telescope
wC as operatingin the energy rangeof 0.1–2.4keV. For details
concerning' ROSAT and its detectorsseethe ROSAT User’s
Handbook(Briel et al. 1996).

2.1.
L

HRI

W
�

e proposedHRI pointedobservationsof NGC 4303(ROSAT
sequence number600854,PI: N. Junkes),which werecarried
out� in thetimeperiodsJuly2–8,1996,June9–23,1997,andJan-
uary8 6–7,1998with integrationtimesof 16055sec,27538sec,
and	 5600sec, respectively (seeTable 2). All three observa-
tions
�

arecenteredon RA(2000)= 12M 21N 55
G OP

2; Dec(2000)=
+04Q R 28

@ S
11TU U

5.
G

The threephotonlists werecombinedto createonesingle
image.

1
The datawereanalyzedusingthe commercialinterac-

ti
�

vedatalanguagesoftwarepackageIDL (InteractiveDataLan-
guage).� All presentedimagescontainpixel valueswith unitsof
counts' perpixel andsecond.Theimageswerecorrectedfor vi-
gnetting� but not for background.To quantifyany sourcecounts
three

�
circularsource-freefieldswith radii of 49V V , 3& 4W W ,& and39X X ,&

respecti� vely, wereselectedto determinethe backgroundlevel
(T
�

able2).Theaveragedbackgroundflux amountsto3.52Y 10Z [
cts' s\ ] arcsec	 ^ _ .

Fig.1 shows theHRI field of view (FOV) of thethreecom-
bined

)
datasets,convolvedwith a Gaussianof 5̀ ` FWHM.

a
For

reasonsof identificationthe 5b sources detectedwith a max-
imum
1

likelihood method are numberedin Fig.1 and listed
in Table 3. Several single sourcedetections(no. 9–13) coin-
cide' with optical peaksin the galaxy. Sourceno. 18 can be
identifiedasthe QSO1219+044,which served asthe central
source of thePSPCpointedobservationusedfor spectralanal-

Fig. 1. Total field of view of the combinedROSAT HRI observation
of NGC4303.Thedetected5c sourcesd arelabeledwith numbers.The
sourcesin thecenter(nos.9–13)correspondto NGC 4303.

Table1. Somebasicparametersof NGC 4303.

NGC 4303 Referencee
alternative name M61

IRAS 12194+0444
type SAB(rs)bc 1
RA (2000) 12f 21g 54hi

9 2
Dec(2000) +04j 28

k l
25
k m m

2
k

distance
n

16.1Mpc 3o p q
diameter 5 rs 9 4

axisratio 0.97 4
inclination 27t 5

u
log
v w x

10.53y 4
z

log { | 9.71} 4~
Refer

�
ences: 1) deVaucouleurset al. (1991)

2) NASA/IPAC ExtragalacticDatabase
3) Ferrareseet al. (1996)
4) Tully (1988)
5) Guharthakurtaet al. (1988)�

Correctedfor a distanceof 16.1Mpc.

ysis� in Sect.2.2.Sourceno.7 coincidesspatiallywith theQSO
1219+047(Bowenet al. 1996).It turnedout that thesourceis
v� ariabletheX-rays.Its flux increasedby a factorof 3 between
the
�

secondandthird HRI observation(June1997andJanuary
1998).

2.2.
L

PSPC

Since
�

thereexist no particularPSPCobservationspointedon
NGC
A

4303, we use ROSAT observations from the archive
(R
�

OSAT sequencenumber701095,PI: R.Staubert).NGC4303
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Table2. Date,integrationtime,andsourceandbackgroundcountratesof theHRI andPSPCobservations.

Date Integrationtime Countrate Background
[s] [ctss� � ] [ctss� � arcsec� � ]

HRI July 2–8,1996 16055 8.8 � 10� � � 3.52
� �

10� � �
June9–23,1997 27538
January6–7,1998 5600

PSPC December24–26,1992 8135 0.062 5.14� 10� ��
CombinedHRI observations

Table3. EXSASsourcedetectionof X-ray sourcesin theHRI coincidingwith theopticalimageof NGC 4303.

Source
�

no. RA Dec Countrate Identification
(2000)
�

(2000) [10 � � cts� s� � ]

1 12� 21� 39� 
8
¡

+04¢ 39£ 17¤ ¤ 12.5¥ 2.4
2 1
k

2¦ 22§ 35̈
©
7
ª

+04« 38¬ 44  16.5® 2.9
3 1
�

2̄ 21° 14±²
1 +04³ 36́ 54µ µ 26.1¶ 3.0 GSC00285-00416

4 1
z

2· 21̧ 32¹º
3
�

+04» 36¼ 01½ ½ 13.5¾ 2.1 unidentifiedopticalpoint source
5 1
u

2¿ 22À 03ÁÂ
9
Ã

+04Ä 34Å 06Æ Æ 6.4
Ç È

1.4
6 1
Ç
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Fig
2

. 2. Totalfield of view of theROSAT PSPCobservationaroundthe
QSO
3

1219+044.Thepositionof NGC 4303at anoff-axis distanceof
174 is marked.

lies
5

in theFOV at an off-axisdistanceof 176 whichC is still within
the
�

innerpartof thesupportingring structureof thetelescope.
The
�

position of the X-ray counterpartof NGC 4303 is given
in Fig.2. The central sourceis the QSO 1219+044(no. 18
in
1

Fig.1). The imagehasbeenconvolved with a Gaussianof
257 7 FWHM. Due to strongasymmetryandbroadeningof the
point8 spreadfunction (PSF)with radial distancefrom the op-
tical
�

axis ( 9 25: : FWHM for an on-axispoint sourceat 1keV;
; 67
< = =

FWHM
>

for a17? of@ f-axispointsourceat1keV; Hasinger
etA al. 1994)we cannotgetany usefulspatialinformationfrom
the
B

PSPCdata.
ThisPSPCexposurewascarriedoutbetweenDecember24

andC 26, 1992,with an integrationtime of 8135sec.The back-
groundD flux was determinedfrom threecircularsource-freear-
easA in the field with radii of 83E E , 8F 8G G ,F and 75H H andC amounts
to
B

5.14I 10J K ctsL sM N arcsecC O P . To analyzethePSPCdatawe
usedQ IDL andthesoftwarepackageXSPEC(Arnaud1996)for
interactively fitting X-ray spectra.

F
>

or NGC4303,weadoptthesamedistanceasof M100,the
brightest
R

spiral in theVirgo Cluster(16.1Mpc; Ferrareseet al.
1996).Thentheresolutionof theROSAT detectorsof S 5

T U U
full
V

widthW athalfmaximum(FWHM) for theHRI andX 67
< Y Y

FWHM
for
V

thePSPCat anoff-axis distanceof 17Z scale[ to 390pc and
5.3
T

kpc, respectively.
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Table4. X-ray sourcesspatiallycoincidingwith theopticalgalaxyNGC 4303.Thesourcedesignationsreferto Fig.3.

Source
_

RA Dec Countrate Sourcearea Flux̀ (0.1–2.4keV) Luminosity(0.1–2.4keV)
(2000) (2000) [10 a b ctssc d ] [arcsece ]f [10 g h i ergsj k cml ]f [10m n ergso p ]f

A 12q 21r 54st 5 +04u 29v 38w w 3.4
x y

1.1 200 1.4z 0.5
{

4.3| 1.5
B 1
}

2~ 21� 56�� 3 +04� 29� 28� � 9.9
� �

1.8 531 4.1� 0.8
{

12.7� 2.5
C 1
�

2� 21� 55�� 3 +04� 29� 03� � 5.9
� �

1.4 290 2.5� 0.6
{

7.8� 1.9
D 1
�

2� 21� 58�� 3 +04� 28� 14� � 8.9
� �

1.7 380 3.7� 0.7
{

11.5  2.2
E 12¡ 21¢ 51£¤ 7 +04¥ 28¦ 08§ § 7.5

¨ ©
1.5 315 3.1ª 0.6

{
9.6« 1.9

F 1
¬

2 21® 53̄
°
9 +04± 27² 43³ ³ 8.7

� ´
1.7 383 3.6µ 0.7

{
11.2¶ 2.2

nucleus 12· 21̧ 55¹º 5 +04» 28¼ 28½ ½ 43.9¾ 3.5
x

1321 87.8¿ 7.0
¨

272À 21
Á

Energy conversionfactorECF:disk sourcesA–F, ECF=2.4Â 10Ã Ä ctscmÅ erÆ g Ç È ; nucleus,ECF=5É 10Ê Ë ctsÌ cmÍ erÆ g Î Ï

Fig. 3. The inner 4Ð ofÑ the pointed HRI observation. The labeled
sourcesÒ (A–F) aretheonesspatiallycoincidingwith theopticaldiskof
NGC
Ó

4303(seetext andTable4 for details).Theimageis centeredon
the
Ô

coordinatesof thepointedobservation.Thedistanceson theaxes
areÕ relativeto thecentralX-ray sourcewith thecoordinatesÖ (2000)

×
=

12Ø 21Ù 55ÚÛ 5; Ü (2000)= +04Ý 28Þ 28ßà à 5. North is up,eastis to theleft.

3.
á

Results

3.1.
â

Spatial analysis

As alreadymentioned,no usefulspatialinformationon theX-
rayã structureof NGC4303canbeobtainedfrom thePSPCdata
due
ä

to thespatialresolutionof thedetector, andmoreover to the
17å of@ f-axis positionof thesourcein theFOV.

In contrast,themoredetailedHRI imagerevealsa number
of@ X-ray sourcesdistributedover the galacticdisk (Fig.4). In
comparisonL to the numberedsourcesin Fig.1 the closerview
alloC wsto distinguishmoredetails.For example,sourceno.9 in
Fig.1 splitsinto threeX-ray spots(labeledA–C in Fig.3). The
mostæ luminoussourcecoincideswith thecenterof NGC 4303
andC dominatesin the soft X-rays. The count ratesand fluxes
deri
ä

ved for sourcesfrom theHRI arelistedin Table4. Thecor-

respondingareasareplottedin Fig.3.Todeterminethefluxeswe
usedQ theenergy conversionfactor(ECF)from theROSAT Call
For Proposals documentation.

ä
The ECF determinesthe ratio

between
R

countratesandunabsorbedsourceflux in theROSAT
band
R

for givenspectralparameters.For thedisksourcesA–Fwe
assumeC a 0.3keV Raymond-Smithmodel(Raymond& Smith
1977)with anabsorptioncolumndensityof 3 ç 10è é cmL ê ë . For
the
B

nucleusa power law with ì =2.6 anda columndensityof
3
í î

10ï ð cmL ñ ò (see
ó

Sect.3.2 andTable5) is appliedasspectral
model.æ

The contoursof sourcesB, C, D, and F in Fig.3 are all
located
ô

within theopticalarmstructureandcoincidewith bright
H õ emissionA regionswithin thespiralarms(Fig.4). In addition,
source[ E isembeddedin thefaintouterpartof thesouthwestern
spiral[ arm.MR92 distinguished79 H ö ö regionsin NGC 4303,
mainlyæ in the spiral arms.The X-ray contouroverlay over the
H ÷ imagein Fig.4 revealsthattheX-ray sourcesB, C, D, and
F
>

coincidewith H ø ø reã gions,while sourcesA andE arelocated
nearsuchregions.

Gas
ù

dynamicalmodelsof barredgalaxies(Englmaier& Ger-
hard
ú

1997)show stronggasaccumulationat thetipsof thebars
due
ä

to corotationof thebarstructurewith thedisk whatshould
lead
ô

to enhancedstarformation.H û observ@ ationsaswell asthe
eA xistenceof prominentH ü featuresstrikingly supporttheout-
comeL of thesemodels.The X-ray contoursB and F seemto
ariseC from theseregions.TheX-ray maximumD is connected
withW anotherinterestingfeatureof NGC 4303: in the eastern
partý thegalacticarmseemsto bedeformedto aboomerang-like
bo
R

w wheresourceD liesat thebendbut withoutany significant
brightening
R

in H þ .
The
ÿ

lowerX-ray contoursof thenucleusindicateapossible
eA xtendedsource.Recenthigh-resolutionUV observationsof the
centralL regionwith theHubbleSpaceTelescoperevealaspiral-
shaped[ structureof massive young(2–3Myr) star-forming re-
gionsD with an outer radiusof 225pc (CA99). This structure
cannotL beresolvedby HRI. Dueto thelow ageof thestarclus-
ters
B

almostnothermalX-rayemissionisexpectedatthegalactic
nucleus(seeSect.4). TheextendedX-ray contoursmayorigi-
nate� from additionalsourcesatdistancesof about1 kpcaround
the
B

nucleus.
No
�

X-ray emissionhasbeendetectedfrom thepossiblein-
teraction
B

companionsNGC 4303A andNGC 4292.
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b)
�

a)�

Fig. 4a and b. Overlay of the HRI X-ray contoursonto the optical imageof NGC 4303a� tak
Ô

en from Frei et al. (1996)andthe H� imageb
�

tak
Ô

enfrom MR92. Thecontourlevelsareat 5, 7, 10, 15, 20, and30	 above themeanbackgroundwith 
 = 1.5 � 10�  ctss� � arcsecÕ � � .� The
images
�

arecenteredon thecoordinatesof thepointedobservation.Theaxisscalesarerelative to thecentralX-ray maximumat coordinates�
= 12� 21� 55

� ��
5; � = +04� 28� 28�� � 5.

�
North is up,eastis to theleft.

Fig
�

. 5. Background-subtracted
}

ROSAT PSPCspectrumof NGC 4303
in the energy rangeof 0.1–2.4keV. The 505 photonswerebinnedto
get� a signal-to-noiseratio of 6. Thedashed-dottedline representsthe
contribÌ ution of thebackground(seetext).

3.2.
â

Properties of the X-ray spectrum

Since
 

theHRI maximaareseparatedby only 50! ! ,F andbecause
of@ the reasonsmentionedin Sect.2.2, the PSPCobservations
do
ä

not allow to study the spectraof the X-ray components
of@ NGC 4303 individually. ROSAT PSPCdetected505" 24
backgroung-subtracted
R

sourcecountsfrom NGC4303in atotal
integrationtime of 8135sec.Thespectraof thesourceandthe
background
R

areshown in Fig.5.
W
#

efittedthespectrumwith severalsingle-componentmod-
els,A asBremsstrahlung(BS),Raymond-Smithmodel(RS),and

aC power law (PO),anda combinedRS-POmodel.Theresults
areC listedin Table5.

A singlepower-law modelimpliestheassumption,thatthe
actiC venucleusof NGC4303dominatestheX-rayemission.Fur-
thermore,
B

thesourcesdetectedby theHRI in thegalacticdisk
wW ould alsohave to bedescribedwith thesamepower law. The
photoný index in this modelis $ =3.2% 0.2.

&
The emissionof an

A
'

GN in theROSAT energy bandis bestdescribedby a power
law with a photonindex of ( ) 2.4; neverthelesssomecases
ha
ú

ve beenobserved with * + 3
í

(MCG –5-23-16:Mulchaey et
al.C 1993;Mkn 335:Turneret al. 1993).High-massX-ray bina-
riesã (HMXB) foundin youngstar-forming regionsin thespiral
armsC have a similar spectralshapein the 0.1–2.4keV energy
rangeã with a photonindex of , - 2.7

.
(Mavromatakis1993).

The column densityof the absorbingcomponentamountsto
5.7
T /

100 1 cmL 2 3 ,F whichis by afactorof 3 higherthantheGalac-
tic
B

foregroundH 4 columnL density(Dickey & Lockman1990,
DL90).
5

Nevertheless,self-absorptionwithin NGC4303mustbe
eA xpected,andsmall-scaledeviationsfromtheobservedGalactic
v6 aluebyDL90cannotberuledoutandmayresultin ahigherab-
sorption[ from theMilk y Way. Theresulting0.1–2.4keV X-ray
luminosity
ô

amountsto 1.37 108 9 erA gs: ; . Theflux portionfrom
the
B

sourcesoutsidethenuclearregionasobservedwith theHRI
amountsC to < 1.4= 10> ? erA gs@ A in

B
the caseof a singlepower-

law emissionmodelwith C =3.2 usingthe correspondingECF
of@ 1 D 10E F ctsL cmG erA g H I . Assuminga meanX-ray luminosity
of@ 10J K erA gsL M for an HMXB, asobserved in the Milk y Way
(F
ó

abbianoet al. 1982;Watson1990)would requireanunlikely
high numberof 1400of thesesystemsto producetheobserved
X-ray
N

flux. Theratio of OB starsto HMXBs is assumedto beO 500
T

(Fabbianoetal. 1982).Thismeansthata totalnumberof
7
P Q

10R OB
S

starswould be requiredto accountfor the HMXB



\UT
      D. Tscḧoke et al.: X-raysfrom thebarredgalaxyNGC 4303

Table 5. Bestspectralfits to thePSPCdataof NGC 4303andthederived modelparameters.For thedeterminationof theX-ray luminositya
distance
V

of 16.1Mpc is assumed.

Model W X Y Z [ \ Norm
Ó

Red.] ^ d.o.f.
V _ ` a b

(1)
×

(2) (3) (4) (5) (6) (7) (8) (9) (10)

RS+ PO 3.34c d e f gh i j k l 0.32
{ m n o p qr s t u v 2.6w x y z{ | } ~ 1 6.2(RS) 1.3 8 1.50� � � � �� � � � � 4.7� � � �� � � �

1.5(PO) (0.19� � � � �� � � � � )� (0.59� � � � �  ¡ ¢ £ ¤ )
�

PO 5.72¥ ¦ § ¨ ©ª « ¬  ® 3.2
x ¯

0.2
{

2.1 1.4 10 4.18° ± ² ³ ´µ ¶ · ¸ ¸ 12.9¹ º » ¼½ ¾ ¿ À
RS
Á

2.87Â Ã Ä Å ÆÇ È É Ê Ë 0.57
{ Ì Í Î Ï ÐÑ Ò Ó Ô Õ 0.006

{
1.4 1.4 9 1.13Ö × Ø Ù ÚÛ Ü Ý Þ ß 3.47à á â ã äå æ ç è é

BS 3.19ê ë ì í îï ð ñ ò ó 0.56
{ ô õ ö ÷ øù ú û ü ý 2.5 1.4 10 1.26þ ÿ � � �� � � � � 3.91

� 	 
 � � � � � �
Col.
�

(1) – Spectralmodels:BS = thermalBremsstrahlung,RS= Raymond-Smith,PO= power law.
Col.
�

(2) – Columndensityin unitsof 10
� �

cmÌ � � .
Col.
�

(3) – Plasmatemperaturein unitsof keV.
Col.
�

(4) – Photonindex.
Col.
�

(5) – Metallicity in unitsof Z � .
Col.
�

(6) – Scaling factor: for BS in units of (10� � � /(4
� � � �

)) � �  ! " d# ,$ % & ' ( ) = electronand ion densities(cm* + ); for RS in units of
(10
× , - .

/(4
� / 0 1

)) 2 3 4 5 6 d7 ,$ 8 9 : ; < = electronandH densities(cm= > ); for POin unitsof 10? @ photonskeV A B cmÌ C D sÒ E F at 1keV.
Col.
�

(7) – ReducedG H .�
Col.
�

(8) – Degreesof freedom.
Col.
�

(9) – UnabsorbedX-ray flux in unitsof 10I J K ergcm L M sN O .� Valuesin bracketsgive thecontribution of thethermalcomponent.
Col.
�

(10) – X-ray luminosityin unitsof 10P Q erÆ gsR S .� Valuesin bracketsgive thecontribution of thethermalcomponent.

X-ray flux in NGC 4303.Evenif we considerto have 10T OB
S

stars[ in NGC 4303,asobservede.g.in Mkn 297(Benvenutiet
al.C 1979),it is still afactorof 7 higherthanexpected.Moreover,
this
B

is therequirednumberonly for thedisksourcesandwould
involve almost1.5U 10V M W in massive starswith a Salpeter
IMF
X

and,by this,wouldrequireamoderatelyhighSFRof about
15 M Y yrZ [ \ in thedisk. On theotherhand,thecorresponding
superno[ vatype ] ] (SN

ó ^ ^
)
_

rate(0.1yr ` a )_ shouldcontributeto the
X-ray emissionvia hot gas.

The
ÿ

singlecomponentmodelsBS andRSshow similar re-
sults.[ Consequently, weonly achieveanadequatefit of RSwith
v6 ery low metallicity, e.g. the portion of emissionlines to the
spectrum[ is very small.In contrast,it is expectedthatemission
lines
ô

of highly ionizedelements,like Fe andMg, shouldplay
anC importantrole in the X-ray spectrumof SNeb b in starburst
reã gionsbecauseof thenucleosynthesisof massiveSN c c progen-ý
itor stars(Woosley & Weaver 1985).In bothmodelsthecolumn
density
ä

is about3 d 10e f cmL g h andC the plasmatemperatureis
0.6
&

keV. For the BS modelwe get a total X-ray luminosity of
4
i j

10k l erA gsm n ,F for the RS model it is 3.5o 10p q erA gsr s . RS
modelswith different higher metallicitiesyield unacceptable
fits.
t

Thefit of theX-ray spectrumwith a two-componentmodel
(RS+PO)
ó

is only slightly betterthan the one-componentfits.
Ne
�

vertheless,from the pointsmentionedabove andthe phys-
ical
B

picturediscussedin Sect.4 this modelservesas the best
eA xplanationfor the observed soft X-ray emission.Hydrogen
columnL density( u v =3.3w 10x y cmL z { )_ andpower-law spectral
index (| =2.6)lie within theexpectedrange(asdiscussedfor the
single[ power law above). The plasmatemperatureof 0.3keV
fits with theobservedvaluesof othergalaxies(e.g.NGC 253:
F
>

orbesetal.1999;NGC1808:Junkesetal.1995).Thetotal0.1–
2.4keV luminosityfor thismodelamountsto 4.7} 10~ � erA gs� �

withW 13%contributionfrom theRScomponent.Thespectralfit
together
B

with theresidualsis plottedin Fig.6.

4.
�

Discussion

From
>

thequalityof thespectralfitsalonethereisnosignificance
for favoringasingle-componentmodelor acombinationof two
components.L Due to the lack of any spatialinformationin the
PSPCimagethereis no possibility to distinguishbetweendif-
ferent
V

spatialandspectralcomponentssimultaneously. So only
the
B

combinedinformationfrom thePSPCandHRI dataallows
aC moredetailedinterpretationof theX-ray results.

Se
 

veral points speak against the single PO component
model,æ as discussedin Sect.3.2. A more likely scenariois a
compositionL of several differentemissionsources,like an ac-
ti
B

ve nucleus,HMXBs, andsupernova remnants(SNRs).In the
followingwewill thereforediscussacompositeemissionmodel
andC thecomparisonwith theUV andopticalobservationsof the
galacticD core.

4.1.
�

The nucleus of NGC 4303

As
'

canbediscernedfrom theHRI image(Fig.3 andTable4),
mostof the X-ray emissionof NGC 4303(83%) comesfrom
the
B

central region of the galaxy. Threedifferent picturesare
imaginablefor thenucleus:acentralactivenucleus,acentralor
circumnuclearL regionwith enhancedstarformation,or acombi-
nationof bothphenomena.Any of thesecasesrequiresa suffi-
cientL gasdensityat thegalacticcenter. Thiscanbeachieved by
aC barredpotentialwhich triggersradialgasflow from theouter
reã gionstowardthenucleus.On theotherhand,from numerical
simulations[ including gasdynamicsbar formationhasproved
to
B

beonly a transientphenomenon(Combes2000).In this pic-



\��
D. Tscḧoke et al.: X-raysfrom thebarredgalaxyNGC 4303    

Fig
�

. 6. Fit of theobservedROSAT PSPCspectrumof NGC 4303with
the
Ô

two-componentmodelRS+PO(solid line). Theparametervalues
for this modelare listed in Table5. The long-dashedline shows the
spectrumÒ of thethermalmodelcomponent,theshort-dashedline rep-
resentsthepower-law component.Theresidualsof thefit areplotted
in
�

thelower box.

ture,
B

the galacticbar will be destroyed by the gasinflow after
only@ a few cycles.A new bar-phasecanfollow this gasinfall
due
ä

to a subsequentgravitational instability from the accreted
centralL mass.Theproblemwith thispictureis thecontradiction
of@ a necessarygasinflow to form andfeedany nuclearactivity
(starb
ó

urstand/orAGN) andthefactthatthisgasinflow destroys
the
B

bar. It seemsthata sufficiently massive blackholecanpro-
vide6 for its fuelling (Fukudaetal. 1998).Anotherefficientway
for gasto flow further into the centeris a secondsmallerbar
embeddedA into thefirst onedueto asecondinnerLindbladres-
onance@ (Friedli & Martinet 1993). In somecases,a gaseous
circumnuclearL ring is formedat theendof thesecondbar.

TheconcentratedX-ray emissionfrom thegalacticcorein
NGC
�

4303 may originatefrom an AGN and/ora nuclearor
circumnuclearL starburst.A starburst cancontribute in two dif-
ferent
V

waysto theX-rayflux. First,theproducedstarpopulation
containsL HMXBs, emittinganX-ray radiationin spectralshape
similar[ to anAGN.HMXBs cannotbedistinguishedfrom AGN
in theROSAT data.Additionally, high-massstars(above � 8–

�
10 M � )

_
evolve to SNe� � atC an ageof � 10� yrZ , dependingon

their
B

initial mass.TheSNe� � from onestarclusterform acumu-
lati
ô

ve expandingsuperbubblefilled with hot gaswhich canbe

described
ä

byathermalBremsstrahlungspectrumandadditional
emissionA linesandrecombinationedgesof highly ionizedheavy
elementsA producedin high-massstarsandreleasedbytheirSN � �
eA xplosions,e.g.O, Ne, Mg, Si, andFe.Theoreticalmodelsfor
the
B

spectralemissionof suchahotdiffusegasareMEKA (Mewe
etA al. 1985)andthemodelby Raymond& Smith(1977),which
weW usedin our spectralfit.

If we applya two-componentmodelto describetheX-ray
spectrum[ of NGC 4303,thecomparisonof theflux ratio from
the
B

nucleus(83%in theHRI) andthedisk sources(17%in the
HRI)
�

suggeststhat the centralsourcecanbe describedby the
poý wer-law component(87%in thespectralfit). ThethermalRS
emissionA exclusively originatesfrom thedisk sources,indicat-
ing ongoingstarformation.To considerthepossibleextension
of@ � 25

. � �
of@ thecentralsource,asrepresentedby thelowestcon-

tours,
B

it is imaginablethata small fractionof theX-ray flux is
emittedA by a circumnuclearstarburst at a distanceof � 1 kpc
aroundC the core.This would adda thermalcomponentto the
non-thermalX-ray nucleus.On the other hand,a fraction of
the
B

X-ray flux from thedisk sourcesmaycomefrom HMXBs
withinW thesestarforming regions.

Fuelling
>

anAGN on scalesof a few parsecat thecenterof
the
B

galaxy leadsto the problemof reducingthe angularmo-
mentumæ of the centralgasby several ordersof magnitude,as
dynamical
ä

simulationsshow (Barnes& Hernquist1991).Con-
centrationL of gasin a ring-like featurearoundthenucleuswith
aC radiusof � 1 kpc is dynamicallymucheasierto achieve. The
HRI
�

imageagreeswith thepictureof anextendedX-ray source
withW a diameterof theorderof � 2 kpc at thegalacticcenterof
NGC
�

4303,explainedby acircumnuclearstarburstregionwith
anC additionalpossiblecompactnuclearsource.Thedecovered
massiæ ve rotatingcircumnucleardisk in NGC 4303canprovide
by
R

its spiral-like structureof massive star forming regionsan
efA fectivemechanismto channelgasfrom thecircumnuclearre-
gionsD furtherdown to thenucleusto feedtheAGN. But onehas
to
B

considerthatthespiralstructurein theUV hasa diamaterof
only@ 225pc, while theextensionof thecentralX-ray sourceis
aboutC 2 kpc in diameter. Thespiral featuredetectedin theUV
cannotL beresolvedwith theHRI.

From
>

theanalysisof UV andopticalmagnitudesandcolors
of@ thecentral250pc Colina& Wada(2000)estimatedagesof
5–25
T

Myr for thestar-forming regions.Consequentlya contri-
b
R
ution to the centralX-ray flux from SNRsandcumulatively

eA xpandinghot gashasto be expected.The questionremains
whetherW we observe a pure nucleusof massive star-forming
clustersL or a compositionof thesestar clustersand a low lu-
minousæ AGN. If NGC 4303containsa non-thermalactive nu-
cleus,L theX-ray luminosityof 4 � 10� � erA gs� � pointsý to only a
low luminousAGN (LINER). Koratkaret al. (1995) found a
correlationL between� � andC � � � for

V
low luminousAGNs of� �

/
  ¡ ¢ £ ¤

14. Pérez-OleaA & Colina (1996) investigatedthe
correlationL betweenoptical andX-ray luminositiesof several
AGNswith circumnuclearstar-forming rings,pureAGNs,and
pureý starburstgalaxies.Thepurestarburstsin theirgalaxysam-
pleý show ¥ ¦ /

  § ¨ ©
v6 aluesof 0.03–0.3,100 timessmallerthan

for
V

pure AGNs. If we take the H ª luminosity
ô

of NGC 4303



\¬«
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deri
ä

ved by Keel(1983)andassumethat10%originatefrom the
nucleus,� we get log  ® ¯ (nucleus)

ó
= 39.2 (adoptedfor a dis-

tance
B

of 16.1Mpc). Thereforethe X-ray-to-H° ratio amounts
to
B

log(± ² /
  ³ ´ µ

)
_

= 1.4, which agreeswith the valuefound by
Koratkaret al. (1995).Even the lower ¶ · v6 alue from a sin-
gleD RS model ( ¸ 2.5

. ¹
10º » erA gs¼ ½ for

V
the nucleus)resultsin

log(¾ ¿ /
  À Á Â

)
_

= 1.2. Typical purestarburst galaxiesshow H Ã
luminosities
ô

of theorderof their X-ray luminositiesor higher.

4.2. The galactic disk

At first glancetheopticaldisk of NGC 4303seemsto have the
quiteÄ symmetricalmorphologyof a late-typespiral. A closer
look revealsthattheeasternspiralarmof thegalaxyhasamuch
moreæ prominentform with a boomerang-like shapeand a lot
morebrightemissionregionsthanthewesterncounterpart.The
northern� disk shows a complex structurewith many separate
features.This asymmetryis morediscerniblein theH Å image.
The
ÿ

H Æ Æ reã gionsaremainly locatedin thenorthernpartof the
disk
ä

at the junction of the bar with the easternspiral arm and
alongC thatarm.A closeencounterof oneor bothof thenearby
galaxiesD NGC 4303A andNGC 4292may have causedthese
features.
V

The interactionwithin the Virgo Cluster is another
possibleý source.Infall into theintraclustermediumcouldcause
ramã pressureeffects.Nevertheless,NGC 4303is locatedat the
outer@ edgeof thecluster, which mayproduceonly a moderate
disturbance.
ä

Thisagreeswith theH Ç distrib
ä

utionover thewhole
optical@ disk. Galaxieslying nearerto the clustercentershow
H
� È

deficiencies
ä

and concentrationof the neutralhydrogenin
the
B

centralregions,indicatingpastinteractionswith theH É gasD
been
R

strippedoff from theouterdisk regions.
As a striking indication for accumulationof gasin these

reã gions,theX-ray sourcesA–C andF within thegalacticdisk
of@ NGC 4303arelocatedat theendsof thebar. Gasdynamical
simulations[ of barredgalaxieshave shown this accumulation
due
ä

to massflows alongthe bar to the centerandto the ends
of@ the bar, respectively (Noguchi1988;Englmaier& Gerhard
1997).Theincreaseddensitiesleadto enhancedstarformation.

From
>

the low inclination of NGC 4303no direct informa-
tion
B

canbe obtainedwhetherthe disk is warpedor not. But it
is
B

striking that sourceD lies exactly at the bendof the east-
ernA boomerang-shapedarm.This may indicatethat this X-ray
source[ is causedby thetidal forceleadingto alocalgasconcen-
tration.
B

Anotherindirecthint for a pastinteractioncomesfrom
the
B

spectraof theQSO1219+047(sourceno.7 inFig.1),aQSO
whoseW line-of-sightpenetratestheouterH Ê disk

ä
of NGC 4303.

Bowenet al. (1996)detectedcomplex Mg Ë Ë absorption,C span-
ning� a velocity rangeof Ì 300

í
kmsÍ Î ,F despitethelow inclined

galacticD disk. This high velocity is not fully understood.One
possibleý explanationcouldbetheresultof interactionsbetween
NGC
�

4303andthenearbycompanions.

4.3.
Ï

Star formation in the disk

Table4liststheobservedcountratesandderived0.1–2.4keV lu-
minositiesæ for thesingleX-raysourcesin thediskof NGC4303.

These
ÿ

include the assumptionsof a Raymond-Smithplasma
withW solarabundancesatatemperatureof 0.3keV. A power-law
modelæ would increasethe valuesby a factor of 2.5. A rough
estimationA of the SFRin the disk from the X-ray luminosities
is
B

doneby calculatingthe SN Ð Ð rateã Ñ Ò Ó usingQ a SNR model
by
R

Cioffi (1990),andassuminga SalpeterIMF within a mass
interval from 0.1M Ô to

B
100M Õ andC with all starswith masses

aC bove8M Ö eA volving to SNe× × . According to Cioffi, a SNR
eA xpandinginto anISM with adensityof 1cm Ø Ù radiatesatotal
enerA gy of 4.7Ú 10Û Ü erA g in thesoft X-ray regimeabove 0.1keV
for a time of Ý 10Þ yrZ . Norman& Ikeuchi(1989) investigated
the
B

cumulative effect of a numberof SNRs.The total SFRin
the
B

disk of NGC 4303from the X-ray luminosity amountsto
0.5
&

M ß yrZ à á . This however is just a very simple estimation,
containingL severalsimplifications,ase.g.thesumof thesingle
SN
 

modelfrom Cioffi (1990)for severalcumulatively expand-
ing SNRsin anevolving OB assoziation,or thederivationof the
total
B

diskSFRfromsingleX-raysources.A moredetaileddeter-
miationof theSFR,for exampleusingananalyticsuberbubble
modelæ by Suchkov et a. (1994),would needinformationabout
the
B

extensionsandexpansiontimeof thesuperbubbles,in order
to
B

determinethemechanicalenergy releaseby theSNeand,by
this,
B

theSNrate.Thiscanbecomparedwith theobservedX-ray
luminosity
ô

.
Besidesthe mentionedrestrictionsthe differencebetween

the
B

SFRestimatedfrom theX-ray flux andtheSFRderived by
the
B

H â flux by Kennicutt(1983)(14 M ã yrZ ä å )_ maybedueto
se[ veral reasons.Kennicuttuseda Miller-ScaloIMF which in-
creasesL theSFRby afactorof about1.5.ThetotalH æ luminos-
ity
B

underliesa distancedeterminationwith a Hubbleconstant
of@ 50kmsç è Mpc é ê . Taking a radial velocity of 1569kmsë ì
(de
ó

Vaucouleurset al. 1991)leadsto a 3.8 timeshigherlumi-
nosity than taking the distanceof 16.1 Mpc which we used.
Additionally
'

, thefactthatnot all H í í reã gionsmayemit anade-
quateî X-ray flux or arenotstrongenoughto bedetectedlowers
the
B

estimatedSFR from the X-ray luminosity which implies
the
B

existenceof high-massstarshaving beenevolvedto SNeï ï .
Possible
ð

X-ray emissionfrom diffusehot gaswithin the disk
maylie below thedetectionlimit of 1.1ñ 10ò ó ctsL sô õ arcsecC ö ÷
(5
ó ø

aboC ve backgroundlevel). A very faint componentlocated
atC the spiral armscanbe seenin outlinesin Fig.3, but is not
detected
ä

at a 3ù le
ô

vel. This limit correspondsto anX-ray flux
of@ 4.6ú 10û ü ý erA gsþ ÿ cmL � � arcsecC � � (ECF

ó
for a RS modelas

in
B

Table4). Kennicutt(1983)alsoadmittedto treatthederived
H � flux andresultingSFRwith extremecautionbecauseof only
moderateæ accuracy duetopossiblystrongextinctioneffects.The
H � flux derived by Keel(1983)is by a factorof 30 lower than
the
B

onederived by Kennicutt,afteradoptingthesamedistance.
Strikingly
 

, thesourcesB andF bothcoincidewith someof
the
B

mostH � luminous
ô

H � � reã gions(Sourcesno.s27and69with
log
� 	 


= � 12.12andlog �  � = � 11.99,respectively, inMR92).
Depending
5

onthefractionof thecentralX-rayflux stemingfrom
SNRs
 

andsuperbubblesor from anAGN component,theSFR
for
V

thecoreis of theorderof 1 M � yrZ � � .
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5.
�

Conclusions

W
#

ehaveanalyzedspatialandspectraldatafrom thebarredlate-
type
B

spiralgalaxyNGC 4303in thesoft X-ray regime.Several
separate[ X-ray sourcescanbeobservedin thecoreanddisk of
the
B

galaxy. The locationsof the sourcescorrespondto several
H
� � �

reã gions and indicatea concentrationof gasat the center
andC at theendsof thegalacticbar, in agreementwith numerical
simulations[ of gasdynamicsin a barredpotential.

The
ÿ

low spatial resolution of the PSPCobservation of
NGC
�

4303 doesnot allow a distinction of several individual
X-ray
N

sourceswithin the object.The bestfit of the soft X-ray
spectrum[ takinginto accounttheinformationfrom thehighres-
olution@ HRI observation is a combinationof a RS component
withW atemperatureof 0.3keV andapower-law componentwith
aC spectralindex of 2.6.Thetotal 0.1–2.4keV X-ray luminosity
amountsC to4.7� 10� � erA gs� � ,F inagreementwith othercompara-
ble
R

barredgalaxieswith anuclearstarburst,likee.g.NGC4569
(Tsch
ó

ök@ e et al. in preparation).A purestarburstmodelfor the
nucleus� of NGC 4303would requirea specialexplanationfor
the
B

unusuallyhigh � � /
  � � �

ratio.
The
ÿ

combinationof theflux fractionof theseparatesources,
the
B

spectralinformation,andthecomparisonwith theH � lumi-
nosity� fromthecoreleadstothefollowingpicture:thesoftX-ray
emissionA originatesfromacompositionof severaldistinctemis-
sion[ regions.Thecentralsourceconsistsof alow luminousAGN
andC a circumnuclearstarburst.Thedisk sourcesaredominated
by
R

SNRsandsuperbubblesin starforming regionspreferably
atC theendsof thebarandalongtheeasternspiralarm.Several
HMXBs
�

maycontributeto theX-ray flux.
The disk X-ray sourcesare coincidentwith someof the

mostæ luminousH   reã gionsin the galaxy. The estimatedtotal
SFR
 

from the X-ray flux is 1–2 M ! yrZ " # . Most H $ $ regions
areC not detectablein the X-ray, like most H % sources[ in the
easternA boomerang-shapedarm.Theenhancedstarformationin
NGC
�

4303mayhave beencausedby somekind of interaction
althoughC theH & morphologyof thegalaxydoesnotsupportvery
strong[ perturbation.If a dwarf galaxyhasfallenin andmerged
withW NGC4303in thepast,thebarmayhavebeenproducedwith
the
B

subsequenttriggeringof thestarformationat thecenterand
in thespiralarms.Theaccreteddwarf galaxywouldberesolved
andC not directly detectable.
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×ÏrÊ7È!É�Í�Î{×�Ý�ÓXÎ]×Ó�Ó Ú Ó~Î]×nÖ	É È	Í4Ë�Ó�ÌU×�ÜSË�ä Ó	ä Ú Ó�É Ú Ó�Ì�Í4ËFØ�Õ�ÇFÈ!Én×Ï�×Ý�Ó
Í4ËPÎ�çiä`àxÌkËm×�ÎMé	ÎÌ�ÏrÊ Ú ÇFÏrÊ;é Ú Ý�ÈUÎ�Ó�×�Ý�Óhè�Õ�è�è�ÇFÓ{Î�ÊYÓ�Ó Ú ÎLÕ Ú È!Ì�Í
ÎÝ�ÏbØ ç)ÙQÝ�Ó~Èr×�Î}×�Ý�Ó6È!Ñhè�Ë�Ó�Ì)×Yà�á4â�ä�êcÓ Ú Ó�Ì�Í4ËFÌ�Ö{ÏUÌg×Ý�Ó6Î�×É�Ó�Ì�Ö!×Ý
Ï!Ð}×�Ý�Ó_Î]× È!Éè�Õ�É Î]×�È	Ì�Í\×Ý�Ó�Ð�É È	ØH×ËFÏ	ÌyÏ!Ð|çbË�Ì�Ó�×ËFØhÓ�Ì�Ó�É�Ö	ÔdËFÌy×Ý�Ó
Ï	Õ4×ë�ÏrÊ6Ü�×Ý�Ó|Ý�Ï!×�ÖUÈ	Îeè�É�Ó�È!ç4ÎeÏ	Õ4×tÏ!Ð�×Ý�ÓYÍ�Ó�Ì�Î�Ó|à�á4âZÈ!ÌfÍ Ú É�Ï Ú ÙÈ!Ö)Èr×Ó�Î�ËFÌU×�Ï�×Ý�Ó�ÖUÈ!ÇPÈ	ØH×�ËFØ�Ý�È!Ç�Ï¢ÞCì1ÏUÉÑ[È!Ì,í�àxç	Ó�Õ�Ø Ý�Ë�î~ï	ð	ïbñ
ò Ó~Ø�çbÑ[È!ÌdÓ�×cÈ!ÇQäzî�ï	ï	ó!ãHä~à2Ð4×Ý�ÓSØ�ÏbÏ	ÇFË�Ì�Ö7×ËFÑ_Ó�Î�Ø�È!ÇFÓ}×�È!çUÓ�ÎzÇ�ÏUÌ�Ö	Ó�É
×ÝfÈ!Ìn×Ý�ÓMÍ4Ô)Ì�È	Ñ_ËPØ�È!ÇiÏ	Ì�Ó	Üb×Ý�Ó6Ý�Ï!×;ÖUÈ	ÎSÍ�ËFÎ Ú Ó�É Î�Ó�ÎYË�Ìd×Ý�ÓLÝ�È	Ç�Ï
È!Ì�ÍôØ�È!Ìõè`Ó¢Ï	è�Î�Ó�ÉÒ	Ó~Íöè)Ôø÷1Ù2É�È�Ô4Î¬ËFÌôÓ�Í4ÖUÓ�ÙQÏUÌõÖUÈ!ÇPÈrÛ4Ë�Ó�Î
ÞCêLÈ!Ý�ÇFÓ�Ñøî�ï	ïbù~ã�ä)ú7Ý�Ó1Ç�ÏrÊ�Í4Ó�Ì�Î�Ë�×Ë�Ó~ÎSÈ!Ì�Í_×Ý�Ó Ú É�Ï	è�Ç�Ó�Ñ�×Ï�Í4ËFÎ�Ù
×ËFÌ�Ö	Õ�ËPÎ�ÝXè`Ó�×]ÊSÓ�Ó�ÌX÷1Ù2É�È�Ô4Î1Ð�ÉÏUÑAÈ!è`ÏrÒ	Ó�×Ý�Ó[Í4ËPÎ�çyÈ!Ì�ÍOÊ;Ëm×�Ý�Ë�Ì
Ë�×�Ñ{È!çUÓ[È\Í4Ó�×�Ó�ØH×ËFÏ	Ì�Ï!Ð7÷cÙQÉ È~ÔyÝ�È	Ç�ÏUÎ%È!É�Ï	Õ�Ì�ÍOÖ)È!ÇFÈ!ÛbËFÓ�Î6Ê7Ë�×Ý
ËFÌU×�Ó�ÉÑ{Ó�Í4ËPÈr×Ó6Ï	É;Ç�ÏrÊ�Ë�ÌfØ�Ç�ËFÌ�Èr×ËFÏ	ÌdÒUÓ�ÉÔnÍ4Ë�û[Ø�Õ�Ç�×�ä

ü Î1Ï	Ì�Ó%Ø�È!Ì�Í4ËPÍ�Èr×Ó6Ð�Ï	É1È!ÌlÏ	è�Î�Ó�ÉÒ	Ó�Íd÷1ÙQÉ È�ÔgÝ�È!Ç�Ï[Èr×1Ë�Ì)×Ó�ÉÙ
Ñ{Ó�Í4ËPÈr×Ó[Ë�Ì�Ø�ÇFË�Ì�È!×Ë�ÏUÌkÝ�Ó�É�Ó_ÊYÓ Ú ÉÓ�ÎÓ�Ì)×Mì�ý%þ�ÿ����	ï�ÜzÈdè�É�Ë�ÖUÝU×
Ó�È	ÉÇFÔUÙQ×]Ô Ú ÓkÎ Ú ËFÉ�È	Ç6Ö)È!ÇFÈ!ÛbÔ�Þp×]Ô Ú Ó9á4È!èeñ1újÕ�Ç�ÇFÔOî�ïUð	ð!ãdÇFÏbØ�Èr×Ó�Í
Ê;Ëm×�Ý�Ë�ÌN×Ý�Ó[Ë�Ì�Ì�Ó�É����{Ï!ÐS×�Ý�Ó	�cËFÉÖUÏlØ�ÇFÕ�Î]×�Ó�É�äeà2×%ËFÎMÏUÌ�Ó_Ï!ÐY×Ý�Ó
Ò	Ó�ÉÔgÐ�Ó�Ê�ÖUÈ!ÇPÈrÛ4Ë�Ó~ÎYÏUÕ4×�Î�ËPÍ4ÓM×Ý�Ó�ÇFÏbØ�È!ÇjÖ	É�Ï	Õ Ú Ê;Ë�×ÝOÈ[Ì�Ó�ÖUÈr×�Ë�Ò	Ó
É È	Í4ËFÈ	ÇtÒ	Ó�Ç�Ï4Ø�Ë�×xÔ/Þ�
�������nçbÑøÎ����rñeá)× È!Õ��`Ó�É1Ó�×cÈ!Ç�äzî�ïUð��!ãHäeà2×�Î
ÇFÏrÊ¬Ø�Ï	Ì)×Ó�Ì)×7Ï	Ð ò�� ÖUÈUÎYÑ[È!ç	Ó~ÎYË�×cÍ4ËmûgØ�Õ�Çm×1×�Ï{Í4Ó�×�Ó�ÉÑ{Ë�Ì�Ó%Ø�ÏUÉ�Ù
É�Ó�ØH×ÇFÔ�×�Ý�ÓLÍ4ËFÎ�×�È!Ì�Ø�Ócè)Ô_Õ�Î�ËFÌ�Ö%×Ý�Ó�úsÕ�Ç�ÇFÔUÙ��sËPÎ�Ý�Ó�ÉSÉÓ�ÇFÈr×�Ë�Ï	Ìeä ü ØHÙ
Ø�ÏUÉ�Í4ËFÌ�Ö1×ÏLåYËFÌ�Ö	Ö	Ó�ÇFË`Ó�×1È	Ç�äjÞ]î~ï	ð��	ãzÈ!Ì�Í_á)×�È!Õ��`Ó�É1Ó�×cÈ!Ç�äeÞ]î~ï	ð��Uã
Ë�×\ËPÎyØ�ÇPÈ	ÎÎËmæ�Ó�Í«È	Î\Ø�Ç�Õ�Î�×Ó�É\Ñ{Ó�Ñ�èfÓ�É�ä ò Ó�Ì�Ø�Ó	Ü1Ë�Ì«×Ý�Ó�Ê7Ý�ÏUÇ�Ó
Ú È Ú Ó�É�ÊYÓ{Õ�ÎÓnÈyÍ4ËFÎ�×�È!Ì�Ø�Ó[Ï!ÐMî���ä ðlâ Ú ØyÞCújÕ�ÇFÇ�Ôkî�ï	ð	ðbñ����! 
ù��{çbÑ Î ��� ãHÜ`Ê7Ý�ËPØ ÝyËFÎcÈ	ÇFÎÏgØ�Ï	Ì4æ�ÉÑ{Ó�ÍlèbÔ\þSÓ Ú Ý�Ó�ËPÍ\Í4ËPÎ]× È!Ì�Ø�Ó
Ñ{Ó�È	ÎÕ�ÉÓ�Ñ{Ó�Ì)×�Îi×Ï1×�Ý�Ó"�cË�É�Ö	ÏcØ�ÇFÕ�Î]×Ó�ÉSÞ#��É�Ó�Ó�Í4Ñ[È!ÌXî~ï	ï��!ãHä�úYÝbÕ�Î
î�$ $|Ø�Ï	ÉÉ�Ó�Î Ú Ï	Ì�Í�ÎL×ÏXð�î Ú Ø	ätì�ý%þ�ÿ����	ïlÉÓ�ÒUÓ�È!ÇPÎ6ÈyÍ4Ó�æfØ�Ë�Ó�Ì�Ø�Ô
Ï!Ð ò�� Ö)È	Î%Þ&%kÈ!É�Ñ_Ó�ÇFÎ6î�ï	ðUðrã�äfì1Ó�Õ4×�É�È!ÇjÝbÔ4Í4ÉÏ	ÖUÓ�ÌdËPÎ;Ï	Ì�Ç�ÔdØ�Ï	Ì4Ù
æ�Ì�Ó�ÍO×Ïl×Ý�Ó[Ø�Ó�Ì)×É�È	ÇsÐ�Ó�Ê�ç Ú ØhÏ!Ð|×�Ý�Ó[Í4ËPÎ�çiÜzÊ;Ý�ËFØ ÝXËPÎ�×]Ô Ú ËFØ�È!ÇÐ�Ï	É7Î Ú ËFÉ�È!ÇPÎ}Ì�Ó�È	É}×Ý�Ó�Ø�ÇFÕ�Î]×�Ó�ÉYØ�Ó�ÌU×�Ó�É�äbúYÝ�Ó�Ë�Ì4ë�Õ�Ó�Ì�Ø�ÓcÏ!Ðz×Ý�Ó�ËFÌ4Ù
×É È	Ø�ÇFÕ�Î]×�Ó�É�Ñ{Ó�Í4ËFÕ�Ñ Þ�àþYâOã1Ï	ÌO×Ý�Ó ò�� Í4ËFÎ�×É�Ë�è�Õ4×ËFÏ	ÌOËFÌXØ�Ç�Õ�Î�Ù
×Ó�É,Î Ú Ë�É�È	ÇFÎ[Ý�È	ÎdèfÓ�Ó�Ì�ÏUè�Î�Ó�É�Ò	Ó�Í�Ë�Ì�ÎÓ�Ò	Ó�É È!Ç1ÖUÈ!ÇPÈrÛ4Ô�Ø�ÇFÕ�Î]×Ó�É�Î
Þ&��Ë�É�Ö	Ï('LþYÈ�ÔUÈr×�×�Ó�Ó�×cÈ!ÇQäiî~ï	ï��bÜ�î~ï	ï!ÿ4ñ ò Ó�É Ø�Õ�ÇFÓ�Î)'cê�ËFØ ç	Ó�Ô\î~ï	ï)ùUñ
þSÏ	Ñ[È*'nåSÉ È�Ò	Ï!Ù ü ÇmÐCÈ!É�Ï%Ó�×cÈ!ÇQä*�������!ãHädú7Ý�Ó�Ý�Ë�Ö	ÝAÒ	Ó�Ç�Ï4Ø�Ëm×]ÔZÏ	Ð

hî+�����LçbÑ Î)���7É�Ó�ÇFÈ!×Ë�ÒUÓ;×Ï%×Ý�Ó���Ë�É�Ö	Ï%àþSâöÇFÓ�È	Í�Î?×�Ï%×Ý�Ó Ú É�Ó�ÙÎÕ�Ñ Ú ×ËFÏ	Ì\×Ý�È!×6ì�ý%þ�ÿ����	ï[ËPÎ�Ø�ÇFÏUÎ�ÓM×�ÏnËm×�Î Ú Ó�É�ËFØ�Ó�ÌU×�Ó�É�ËFÌ\×Ý�Ó
Ø�ÇFÕ�Î]×�Ó�É Ú Ï	×Ó�Ì)×ËFÈ	Ç�Ü-,]Õ�Î�× Ú ÈUÎÎË�Ì�ÖL×Ý�Ó1Ø�Ó�Ì)×Ó�É}Ï!Ð`×Ý�Ó.�cË�É�Ö	ÏMØ�Ç�Õ�Î�Ù
×Ó�É�ä7þSÏ	Ì�ÎÓ�/)Õ�Ó�Ì)×Ç�ÔUÜ}×Ý�ÓyË�Ì)×Ó�É�È	ØH×�Ë�Ï	Ì�Ê;Ëm×�Ý�×�Ý�Óyà�þYâ Ø�È!Õ�ÎÓ�Î
×Ý�ÓOà]á4â ×Ï/è`ÓOÉÓ�Ñ_ÏrÒ	Ó�Í�Ð�ÉÏ	Ñ©×Ý�ÓOÖUÈ	ÇFÈ	Ø�×ËFØlÓ�Í4Ö	ÓyèbÔ�É È!Ñ
Ú É�Ó�ÎÎÕ�ÉÓ;Î]×�ÉË Ú�Ú Ë�Ì�Ö[Þ�Ó	ä Ö�ä	åYÈ	ÇFÎ�È!É�È%Ó�×1È	Ç�äzî�ï	ï	ÿ	ãHä���Õ�É×Ý�Ó�É�Ñ_Ï	É�Ó	Ü
ì�ý%þ¬ÿ0���	ï_ËFÎcÇ�Ï4Ø�Èr×Ó~Í,Ê;Ë�×Ý�Ë�Ì\×�Ý�Ó%Ï	è�Î�Ó�É�ÒrÈ!è�Ç�Ó%Ø�Ó�ÌU×É È!Çe÷1Ù2É�È�Ô
Ø�ÏbÏ	ÇFË�Ì�Ö,ë�ÏrÊ'Ï!Ð7×Ý�Ó1�cËFÉÖ	Ï\Ø�Ç�Õ�Î�×Ó�ÉnÞ�å32Ï	Ý�É�Ë�Ì�ÖUÓ�ÉYÓ�×1È	Ç�äzî�ï	ï	ÿ!ã�ä
%kÓ{Ê;Ë�ÇFÇ|Í4ËFÎ�Ø�Õ�Î�Î6×Ý�Ó[Ó��`Ó�Ø�×MÏ	ÐS×Ý�ÓgËFÌU×�Ó�É�ÈUØH×ËFÏ	ÌXèfÓ�×]ÊSÓ�Ó�ÌX×Ý�Ó
�cËFÉÖUÏOàþSâ È!Ì�Í�ì�ýMþ ÿ����	ïyÈ!Ì�Í/Ë�×�Î[Ø�Ï	Ì�ÎÓ�/)Õ�Ó�Ì�Ø�Ó�Î%ÏUÌ/×Ý�Ó
Ï	è�ÎÓ�É�Ò	Ó�ÍnÎ�×ÉÕ�Ø�×Õ�ÉÓ6Ë�ÌyábÓ�ØH×~ä4�4ä ��ä

ì�ýMþOÿ0���UïSÓ�Û4Ý�Ë�è�Ë�×�ÎeÈ!Ì6Ó�Ûb×É�Ó�Ñ_Ó�Ç�Ô�Ø�Ï	Ñ Ú È	Ø�×eÌ)Õ�Ø�ÇFÓ�Õ�ÎzÊ;Ý�ËFØ Ý
Ý�È	ÎcÌ�Ï!×�Ó�Ò	Ó�ÌyèfÓ�Ó�ÌyÉ�Ó�ÎÏ	Ç�ÒUÓ�ÍdèbÔ ò á4ú5�76Mþ�ÏUè�Î�Ó�É�ÒrÈr×ËFÏ	Ì�Î;Ë�Ì
×Ý�Ó98��¢Þ�âyÈ!Ï�:6Ó�×cÈ!Ç�äeî�ïUï��rãHÜ�É�Ó�Î�Õ�Ç�×ËFÌ�Ö{ËFÌyÈ!Ì,Õ Ú�Ú Ó�ÉcÇFË�Ñ{Ëm×�Ï	Ð
��ä ����$ $|ÏUÉhÿ Ú ØgÐ�Ï	ÉhË�×�Î{Í4ËFÈ!Ñ{Ó�×Ó�É_ËFÌ/×Ý�Ó ò á4ú;�<������% æ�Çm×�Ó�É
Þ#=�Ï	ÖUÖ	Ó�Ó�×;È!ÇQä4�������!ã�ä36 Ú ×�ËFØ�È	Ç6Ï	è�ÎÓ�É�Ò�È!×Ë�ÏUÌ�ÎnÏ!Ðh×�Ý�ËFÎ\Õ�Ì�Ë>/UÕ�Ó
Ø�ÏUÑ Ú È	Ø�×hÌ)Õ�Ø�Ç�Ó�Õ�ÎhÇ�Ó~Í�×ÏOËm× Î�ËFÌU×Ó�É Ú É�Ó�×�Èr×�Ë�Ï	Ì9È	Î_È�?eà]ì�@BAC�4Ü
Ý�ÏrÊSÓ�Ò	Ó�É~Ü�Ê7Ë�×ÝOÎ�ÏUÑ_ÓhÍ4ÏUÕ�è4×�èfÓ�Ø�È!Õ�Î�Ó�Ï	Ð?ÊYÓ�È!çED 6 �GF È!Ì�ÍHD á �#�GF

Ç�ËFÌ�Ó�Î[Þ�á)×�È	Õ��`Ó�É%î�ïUð	óbñJILÓ�Ó�Ç}î�ï	ð	ó!ã�ä ü ÌNÏ Ú ×ËPØ�È!Ç?ËFÌ)Ò	Ó~Î]×ËFÖUÈr×�Ë�Ï	Ì
è)ÔKILÓ�Ó�Ç}Þ]î�ï	ï��Uã�Ø�Ï	Ñ Ú È!É�Ó�ÎMÎ]× È!Éè�Õ�É Î]×%È!Ì�Í ü ý6ì�Ð�Ó�Èr×Õ�É�Ó�ÎMÏ!Ð
×Ý�ÓXÌbÕ�Ø�ÇFÓ�Õ�ÎnÏ	Ð%ì�ý%þ�ÿ0���	ï/È	Ì�Í�Ó�Û Ú ÇPÈ!Ë�Ì�Îg×Ý�ÓO×�È	ÉÖ	Ó�×nÈUÎnÈ
Ò	Ó�É�Ô�Ø�ÏUÑ Ú È	Ø�×,Î]× È!Éè�Õ�É Î]×,Í4ÏUÑ_ËFÌ�Èr×Ó�Í�èbÔ�Î�Õ Ú Ó�ÉÖ	ËPÈ!Ì)×,Î]× È!É�Î�ä
ú7Ý�ËFÎ6Î]×Ó�Ç�ÇPÈ!É6Ø�Ç�Õ�Î�×Ó�É6ËFÎ6È	Î�ÇPÈ!É�Ö	Ó�È	Î�×Ý�Ó{Ø�Ï	ÉÓ�Ï	ÐSó��nêcÏUÉ�Üiè�Õ4×
Ñ_ÏUÉÓM×Ý�È!Ì��[Ñ[È!Ö	Ì�Ë�×Õ�Í4Ó�Î1è�É�Ë�ÖUÝU×�Ó�É�ä�àxÌOÈ1?eà]ì�@BA�Î�È!Ñ Ú ÇFÓ%Ï!Ð
ò á4ú�Ï	è�ÎÓ�ÉÒrÈr×�Ë�Ï	Ì�Î_Þ#=�Ï	Ö	Ö	Ó�Ó�×cÈ!Ç�ä(�������	ãcì�ý%þ�ÿ0���UïgÝ�È	Î�×Ý�Ó
è�ÉËFÖ	Ý)×Ó�Î�×L8M��Ì)Õ�Ø�ÇFÓ�Õ�Î�ä ü Ø�Ø�Ï	É Í4Ë�Ì�Ö1×�Ï3I6Ó�Ó�Ç}Þ]î�ïUï��Uã Ü~×Ý�Ó7Ë�Ì)×Ó�ÉÙ
Ú ÉÓ�×�Èr×ËFÏ	ÌkÈUÎ6È	Ì ü ýLì ËPÎMÓ�/UÕ�ËFÒ	Ï4Ø�È!Ç�èfÓ�Ø�È!Õ�Î�Ó[Ï!ÐYØ�Ï	Ì�Î]×�É�È!ËFÌ)×�Î
Ú ÉÏrÒbËFÍ4Ó~Í�èbÔ�ÎÑ{È!ÇFÇ�ÇFË�Ì�ÓOÊ;ËFÍb×�Ý�ÎdÈ!Ì�Í�Í4Ï	Ñ{Ë�Ì�È	Ì�Ø�ÓyÏ!Ð�È/Î�ËFÌ4Ù
Ö	ÇFÓ Ú Ý�Ï!×ÏUÎ Ú Ý�Ó�ÉËPØ6×Ó�Ñ Ú Ó�É�Èr×�Õ�ÉÓ�ËFÌl×�Ý�Ó�Ï Ú ×ËPØ�È!ÇtÎ Ú Ó~ØH×É È�ä�àxÌOÈ
Ú ÉÓ�Ò)ËFÏ	Õ�Î Ú È Ú Ó�É}ÊSÓ1É�Ó Ú Ï	É×Ó�Íh×Ý�Ó�Í4Ó�×Ó�ØH×�Ë�Ï	Ì[Ï!ÐzÈMÖ	ËFÈ	ÌU×}Ó�Ûb×É ÈrÙ
Ú ÇFÈ	Ì�È!É ò�N Ð�Ó�Èr×�Õ�ÉÓYÕ Ú ×ÏLïcç Ú ØYÈ!è`ÏrÒ	Ó}×Ý�Ó7Í4ËFÎç6Ï	Ðfì�ýMþ�ÿ0���	ï
ÞCåYÏ	Ñ{È	Ì�ÎYÓ�×1È	Ç�ä(�������rã�ätú7Ý�ÓgÏ	ÉËFÖ	ËFÌkÏ!Ð7×Ý�ËPÎ�Î]×�ÉÕ�ØH×�Õ�ÉÓgËFÎ�Ì�Ï!×
Ô	Ó�×|Ð�Õ�ÇFÇ�Ô{Õ�Ì�Í4Ó�É Î]×ÏbÏ4Ízä	àxÏ	Ì�ËG:~Èr×ËFÏ	Ì[Ï!ÐeÝ�È!Ç�Ï%Ö)È	Î�Ð�ÉÏ	Ñ¦È%Ø�Ó�Ì)×É È!Ç
Î]× È!Éè�Õ�É Î]×1ÉÓ�Ö	Ë�ÏUÌ,Ý�È	ÎcèfÓ�Ó�ÌyÍ4ËPÎØ�Õ�Î�Î�Ó�Íeä4��Õ�É�×�Ý�Ó�É�È!Ì�È	Ç�Ô4Î�ËPÎ�Ü�É�Ó�Ù
ÖUÈ!É Í4Ë�Ì�Ö,×Ý�ÓgÌbÕ�Ø�Ç�Ó~È!É�È	ØH×ËFÒbËm×]ÔOÏ!Ð1ì�ý%þ�ÿ0���	ïdÈ!Ì�ÍNËFÌ�Ø�Ç�Õ�Í4ËFÌ�Ö
×Ý�Ó{÷1ÙQÉ È�Ô,Ï	è�ÎÓ�ÉÒrÈr×�Ë�Ï	Ì�Î�ÜfËPÎ�Ï	Ì�Ó{Ï!Ð}×Ý�Ó[Î�Õ�è�,]Ó~ØH×�ÎLÏ!Ð|×Ý�ËPÎ Ú ÈrÙ
Ú Ó�É~ä~ú7Ý�Ó|Ó�Û)×Ó�Ì�Î�ËFÏ	Ì%Ï!Ð4×Ý�Ó òON Í4ËFÎçLËPÎjÑ�Õ�Ø Ý�ÎÑ{È!ÇFÇ�Ó�Ée×Ý�È!Ì�×Ý�Ó
Î]×�Ó�Ç�ÇPÈ!ÉYØ�Ï	Ñ Ú Ï	Ì�Ó�Ì)×SÈ!Ì�ÍgØ�Ï	ËFÌ�Ø�ËPÍ4Ó�Î|Ê;Ë�×Ýg×Ý�Ó ò�� Í4ËPÎ]×�ÉËFè�Õ4×Ë�ÏUÌeÜ
Ë�Ì�Í4ËPØ�Èr×�Ë�Ì�ÖM×Ý�ÓcÓ)�`Ó�Ø�×|Ï!Ð`×�Ý�ÓcàþSâ Ï	Ì_×Ý�Ócà�á4â Ï!Ðeì�ýMþ�ÿ0���Uï�ä
â\Ï	ÉÓ�ÏrÒ	Ó�É�ÜiÎ�Ó�Ò	Ó�É�È	Ç ò�N Ó�Ñ{ËFÎ�Î�ËFÏ	ÌOçbÌ�Ï!×�ÎMÈ!É�ÓhÇ�Ï4Ø�È!×Ó�ÍOÏUÕ4×�Î�ËPÍ4Ó
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¯°u±�²�³µ´�¶T·¸&¹»º-º>¼¾½G¿ ±¨À�Á ¸0¼ ¶ ½G¿¨¸yÂ»½ ³¡ÃÅÄ|Æ-Ç�ÈDÉ»Ê0Ë0Ì

Í�Î�Ï1ÐVÑ�ÒAÓAÔ Ã ¼¡ÕMº ³µÖ ¿×¼ ³ ¸ Ä ¼ ¶ ºÙØ¾ÚlÕ�½!Û ³µÜ º ´ ¼µÕ Ö�Ý+Þ ÕM¸ ÝßÆ-Ç�ÈDÉ»Ê0Ë0Ì|à ½?ÕMº3½[á�º>â ´ ¿ Ö
ã'ÃÅÄ Ây½GÕMº!½ É»äF±
å ¸ ã º!¿ æOç èié ê ë Æ ¸0Õ Ý ì º ãA±'í�î ãA± ¸ ± Þ�±ðï�ñ òQñ
à á ä à�ó&ä àlô&ä àaÉiä à�Ê&ä àlË&ä à�õ&ä àlö»ä àlÌ&ä à á3÷ ä

ìÙø ó�± ô0Ì»ù8ú>û üµýþ ú>û ÿ�� ÷ ± Ë&ô&ù8ú>û ��îþ ú>û ��� ÷ ± á Éió á ± ó á Ê ÷ ± ô»õ0ùAúFû ú��þ ú>û úµý á ± ó0Ê&ù8ú>û úµýþ ú>û ��ú
ìÙø ÷ ± ó ÷ ù8ú>û ý��þ ú>û ú�� ÷ ± Ë&ô ù8ú>û ���þ ú>û ��ü á Ê�± ö ó�± É á Ê ÷ ± ó&ó ùAúFû ú��þ ú>û úµý ÷ ± õ?É ù8ú>û úµýþ ú>û ��ú�Kø Ê�± õGÌ ù	�µû ú��þ ú>û �µÿ ÷ ± ÉiÊ ù8ú>û úMÿþ ú>û ú�� ó�± á á ± ó á Ê ÷ ± Ì á ùAúFû ú��þ ú>û ��ú ô'± ÷ Ë ù8ú>û î
�þ ú>û ýµý�� Ì'± ô0Ì»ù	�µû ýµýþ ú>û ü�� ô�± Ë�� ÷ ± ó á ô�± á á ± Ê á Ê Êi± ó á ùTî�û ���þ �µû ��� á õi± Ë»ù��Fû �þ ÿFû ú
ìÙø����� É�± Ì á ù8ý>û î
�þ �µû ��ý ÷ ± É&É ù8ú>û ���þ ú>û ��î ói± õ ù	�µû ýþ îFû ú ÷ ± á Ê�± ô�à����ä ÷ ± Ì á ô ÷ ± ö0É ùAýFû �µîþ ú>û �Mî ó�± öGÉ ù	��îFû �þ �µû �Mîô0É�àvìÙø�ä à ÷ ± ó0Ë�� ÷ ± ÷ É»ä à ÷ ± ö0ö�� ÷ ± á ô»ä
ìÙø����� Ê�± ö&Ê ù8ú>û ���þ ú>û �
� ÷ ± É»Ë ù8ú>û ��üþ ú>û ��� ô�± ÷ � ÷ ± É á õ�± É|à����ä ÷ ± Ì á ô á ± ô á ùAúFû �Mîþ ú>û ÿ�� É�± É»ó ù8ý>û ��úþ �µû üMîô'± ô�àvìÙø�ä à ÷ ± á ó ù8ú>û ú��þ úFû úMî ä à ÷ ± É á ù8ú>û úcýþ ú>û ú�� ä
È ¸0¿ ±¨à á äjø'Ü º ´ ¼µÕM½0¿ Ý ¸ ã º!¿ ³!À��Kø�� ¼ ¶ º>Õ Ý ½0¿ � ÕMº Ý,³c³ ¼µÕ�½ ¶ ¿ Ö�Ä Â�� ìÙø��Bì ½!Û Ý ¸ Ä�ã Ú ø�Ý,Ã ¼ ¶ � ����BÜ ¸ � º>Õ¾¿¨½!� ±
È ¸0¿ ±�à�ó0ä¡È ¸0¿ Ö�Ý,Ä�ã º Ä�³cÃ ¼�Û ÃÅÄ/Ö�Ä�Ã ¼ ³ ¸ Þ á3÷ îcú�´!Ý þ î3±
È ¸0¿ ±�àlô&ä"� ¿f½ ³µÝ ½O¼Mº ÝyÜ º>Õ�½?¼ Ö ÕMº ÃÅÄ/Ö�Ä�Ã ¼ ³ ¸ Þ ¹»º�# ±
È ¸0¿ ±�àvÉ»ä"�<¶ ¸G¼M¸ Ä�ÃÅÄ
ã º>â ±
È ¸0¿ ±�à�Ê0ä¡å º>¼M½0¿Å¿ ÃÅ´!Ã ¼�Û ÃÅÄ/Ö�Ä�Ã ¼ ³ ¸ Þ%$�& à(' â'º ã�äF±
È ¸0¿ ±�àlË&äEø'´ ½G¿ ÃÅÄ Â Þ ½ ´ ¼M¸GÕ À»Þ ¸0Õ ��øuÃÅÄyÖ�Ä�Ã ¼ ³ ¸ Þ�à á3÷ þ �lü*)�àvÉ*+-,�î3äµä�.0/�1�/-2�ã�3 � /�1 4�/-25� º!¿Åº ´ ¼µÕM¸ Ä ½ Ä�ã:Ã ¸ Ä,ã º Ä�³µÃ ¼ Ã º ³jàv´!Ý þ ý>ä
6&Þ ¸0Õ
ìÙøyÃÅÄ�Ö�Ä�Ã ¼ ³ ¸ Þ à á!÷ þ ��� )'àaÉ�+-, î äµä . / î1 ã�3 � / 1 4�/ ç � º!¿Åº ´ ¼µÕM¸ Ä�ã º Ä�³µÃ ¼�Û àv´!Ý þ ý ä
6iÞ ¸GÕ �� ÃÅÄ[Ö�Ä�Ã ¼ ³ ¸ Þ á3÷ þ ÿ Ü�¶ ¸G¼M¸ Ä�³ ¹»º�# þ �
´!Ý þ î¾³ þ � ½?¼�á�¹&º!# ±
È ¸0¿ ±�à�õ0ä�ì º ã'Ö�´ º ã�í î ±
È ¸0¿ ±�àlö&ä�° º>Â0ÕMº>º ³ ¸ Þ�Þ ÕMº>º ã ¸ Ý|±
È ¸0¿ ±EàvÌ»ä87ÙÄ ½*9 ³ ¸GÕ�96º ã ØjÚlÕ�½!Û;: Ö â ÃÅÄ#Ö�Ä�Ã ¼ ³ ¸ Þ á3÷ þ ��î º>ÕMÂ ´!Ý þ î�³ þ �3± #Q½0¿ Ö º ³-ÃÅÄ 9'Õ�½ ´ ¹&º>¼ ³ Â Ã=< ºu¼ ¶ º ´ ¸ Ä ¼cÕ Ã 9 Ö ¼ Ã ¸ Ä ¸ Þ ¼ ¶ º
¼ ¶ ºFÕ Ý ½G¿ ´ ¸ Ý,Ü ¸ Ä º Ä ¼ ±
È ¸0¿ ±-à á!÷ ä ØjÚlÕ�½!Û�¿ Ö�Ý,ÃÅÄ ¸ ³µÃ ¼�Û ÃÅÄ�Ö�Ä�Ã ¼ ³ ¸ Þ á!÷ �µú º>ÕµÂ ³ þ �3± #Q½G¿ Ö º ³�ÃÅÄ 9�ÕM½ ´ ¹»ºF¼ ³ Â Ã=< º�¼ ¶ º ´ ¸ Ä ¼µÕ Ã 9 Ö ¼ Ã ¸ Ä ¸ Þ ¼ ¶ º�¼ ¶ ºFÕ Ý ½G¿
´ ¸ Ý,Ü ¸ Ä º Ä ¼ ±

Í�Î�Ï1ÐVÑ?>8ÓAÔ Ã ¼¡ÕMº ³µÖ ¿×¼ ³ ¸ Ä ¼ ¶ ºÙØ¾ÚlÕ�½!Û ³µÜ º ´ ¼µÕ Ö�Ý+Þ ÕM¸ Ý ¼ ¶ º Ä�Ö�´ ¿Åº Ö�³ ¸ Þ1Æ-Ç�ÈDÉ»Ê0Ë0Ì|à ½?ÕMº3½ ó0äF±
å ¸ ã º!¿ æ ç è�é ê ë Æ ¸0Õ Ý ì º ãA±'í�î ã8± ¸ ± Þ�±ðï ñ ò ñ
à á ä à�ó&ä àlô»ä àvÉiä à�Ê0ä àlË&ä à�õ0ä àvö»ä àlÌ&ä à á!÷ ä

ìÙø É�± á!÷ ù	�µû ÿ@�þ ú>û ��� ÷ ± õ0õ&ù8ú>û ���þ ú>û ��ý ÷ ± á ó0õ ÷ ± Ê õ ÷ ± ó?ÉA� ÷ ± ÷�á ÷ ± ö á � ÷ ± ÷ ô
ìÙø á ± ó á ù8ú>û ÿ�ýþ ú>û ý�� ÷ ± öGÉ ù8ú>û ú��þ ú>û úMÿ á É'± Ì á ± õ õ ÷ ± á Ê ù8ú>û úMîþ ú>û ú
� ÷ ± Ê&ó ù8ú>û úMÿþ úFû ú���Kø õ�± É á ùAîFû ú��þ �µû î�� ÷ ± ÊGË ù8ú>û ��úþ ú>û úµü Ì�± É á ± Ê õ ÷ ± É&Ë ù8ú>û úMÿþ ú>û ú�� á ± Ê0Ë ù8ú>û ���þ úFû ��ÿ�� á3÷ ± Ê���ói± ÷ ô'± ó ùAú>û ýþ ú>û � ö�± Ë ói± É õ á ± ö ù	�µû �þ ú>û ü Ë�± ÷ ù8ý>û üþ îFû �
È ¸0¿ ±¨à á äjø'Ü º ´ ¼µÕM½0¿ Ý ¸ ã º!¿ ³!À��Kø�� ¼ ¶ º>Õ Ý ½0¿ � ÕMº Ý,³c³ ¼µÕ�½ ¶ ¿ Ö�Ä Â�� ìÙø��Bì ½!Û Ý ¸ Ä�ã Ú ø�Ý,Ã ¼ ¶ � ����BÜ ¸ � º>Õ¾¿¨½!� ±
È ¸0¿ ±�à�ó0ä¡È ¸0¿ Ö�Ý,Ä�ã º Ä�³cÃ ¼�Û ÃÅÄ/Ö�Ä�Ã ¼ ³ ¸ Þ á3÷ îcú�´!Ý þ î3±
È ¸0¿ ±�àlô&ä"� ¿f½ ³µÝ ½O¼Mº ÝyÜ º>Õ�½?¼ Ö ÕMº ÃÅÄ/Ö�Ä�Ã ¼ ³ ¸ Þ ¹»º�# ±
È ¸0¿ ±�àvÉ»ä"�<¶ ¸G¼M¸ Ä�ÃÅÄ
ã º>â ±
È ¸0¿ ±�à�Ê0ä¡å º>¼M½0¿Å¿ ÃÅ´!Ã ¼�Û ÃÅÄ/Ö�Ä�Ã ¼ ³ ¸ Þ%$�&K±
È ¸0¿ ±AàvË»ä ø'´ ½G¿ ÃÅÄ Â Þ ½ ´ ¼µ¸0Õ À�Þ ¸0Õ ��øyÃÅÄ[Ö�Ä�Ã ¼ ³ ¸ ÞQà á3÷ þ ��� )'àvÉ*+-, î äµä . / 1 / 2 ãB3 � / 1 4�/ 2 � º>¿¨º ´ ¼µÕM¸ Ä ½ Ä�ã,Ã ¸ Ä/ã º Ä�³µÃ ¼ Ã º ³
àv´!Ý þ ý>ä
6
Þ ¸0Õ ìÙø/ÃÅÄ�Ö�Ä�Ã ¼ ³ ¸ Þ¡à á!÷ þ ���C)�àvÉ�+-,�î3äcä . /Tî1 ãB3 � / 1 4�/ ç � º!¿Åº ´ ¼µÕM¸ Ä�ã º Ä�³µÃ ¼�Û àa´!Ý þ ý!ä
6�Þ ¸GÕ �� ÃÅÄ|Ö�Ä�Ã ¼ ³
¸ Þ á3÷ þ ÿ-Ü�¶ ¸0¼M¸ Ä�³ ¹&º!# þ ��´!Ý þ îj³ þ � ½?¼�á�¹&º!# ±
È ¸0¿ ±�à�õ0ä�ì º ã'Ö�´ º ã�í1î0±
È ¸0¿ ±�àlö&ä�° º>Â0ÕMº>º ³ ¸ Þ�Þ ÕMº>º ã ¸ Ý|±
È ¸0¿ ±�àlÌ&äD7ÙÄ ½C9 ³ ¸GÕ�96º ã ØjÚlÕ�½!Û0: Ö â ÃÅÄ�Ö�Ä�Ã ¼ ³ ¸ Þ á3÷ þ ��î º>ÕMÂ ´!Ý þ î¾³ þ �3±
È ¸0¿ ±�à á!÷ ä ØjÚlÕ�½!Û[¿ Ö�ÝyÃÅÄ ¸ ³µÃ ¼�Û ÃÅÄ/Ö�Ä�Ã ¼ ³ ¸ Þ á!÷ �µú ºFÕMÂ ³ þ �3±
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ä�ÅJ¸�®×Â>´e³�³.¯�º×¿�»E¸¯�Ç�¸�Å1´E¾(Õ é »\½x¿>´e³.Å1¶»\Ç×»E¼b¯QÄÒ¸¯�ÇX¶�Å1»\Ç6Èj¶¿�¯�ÌQ¸³.´E¾"ºXÅ1¶¸³�ÅJÂ>¹°¸�ÅJ»\ÇjÈ>´EÇXºÚ±�²$³�´�µ Ëk¹ÒÄÔ»E¼
¸�®°¯�ÌQ¯�Çc¸³�´E¾	¶�»\¹°³.ÌQ¯åähÅJ¸�® � ö ´EÇXº þ�� »EÂ>¶¯A³�Æe´e¸�ÅJ»\ÇX¶�¾J¯�´Eº×¸»Ü¸�®X¯¬Å1Ç�¸¯A³�¿X³�¯A¸�´e¸�Å1»\ÇÔ»E¼b´ÜÌQ»\½G¿>´EÌQ¸
ÌQ¯�Ç�¸³.´E¾>¶»\¹X³.ÌQ¯��À¿X³�¯A¼À¯A³.´eÂ>¾1µU´¬¾J»,ä�¾É¹X½xÅ1Ç°»\¹>¶ Ñ�æ�ç�� ¶�¹°³�³.»\¹XÇXº°¯�ºUÂMµ�´åÌAÅJ³.ÌA¹X½xÇM¹XÌA¾J¯�´e³Á¶¸�´e³�Â>¹°³�¶¸AÕ
±h²$³.´�µèºXÅ1¶�õÔ¶»\¹°³.ÌQ¯�¶åÌQ»\Å1ÇXÌAÅ1º°¯�ä�Å1¸�®×¸�®X¯x½G»\¶¸n¾1¹X½·Å1Ç°»\¹X¶ þ�ÿgÿ ³.¯AÃ\ÅJ»\ÇX¶AÈj»E³�ÅJÃ\Å1ÇX´e¸�Å1ÇXÃØ¼À³�»\½ ¶¸¯�¾1¾É´e³
ä�Å1Ç>ºX¶:»E¼m½x´E¶�¶�ÅJÆE¯¬®°»E¸h¶¸�´e³�¶AÈS¶�¹X¿k¯A³�Ç°»,Æe´�¯QÄM¿S¾J»\¶�ÅJ»\ÇX¶�ÈX´EÇXº	��»E³ þ�
 ± à ¶�Å1Ç ¶¯AÆE¯A³.´E¾	¶¸�´e³²$¼À»E³.½xÅÉÇ°Ã
³�¯AÃ\ÅJ»\Ç>¶AÕ

ç�æné á��%�&ÙW´e¸¸³.´EÌQ¸�¶x´e¸¸¯�Ç�¸�ÅJ»\ÇÙÅ1ÇÞÅJ¸�¶U¶¸³.¹XÌQ¸�¹X³�¯EÈm»EÂ>¶¯A³�Æe´eÂ>¾J¯ßÅ1Ç þ�� ´EÇXºÛ±�²$³.´,µM¶�Õ � ÇX¾ÉÅJõE¯
´EÇ�µU»E¸�®X¯A³ÁÌQ»\½G¿>´e³�´eÂ>¾J¯�Ã\´E¾1´�ÄÒµEÈc¸�®>Å1¶m»EÂÒâ¯�ÌQ¸ÁÌQ»\Ç�¸�´EÅ1ÇX¶Á´�ÆE¯A³�µ�¯QÄM¸¯�Ç>º°¯�ºx¯QÄÒ¸³.´e¿>¾1´EÇ>´e³bÌQ»\½G¿�»\Ç°¯�Ç�¸
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»E¼0Ù×õ�¿6ÌeÈmº°¯A¸¯�ÌQ¸�´eÂ>¾1¯ßÅÉÇÍÂ�»E¸�®Ê¶¿�¯�ÌQ¸³.´E¾Á³.´EÇ°ÃE¯�¶AÕè�®°¯ß¶»E¼À¸UÇ>´e¸�¹°³�¯Ü»E¼�¸�®°¯Ü±�²$³�´�µÍ¼À¯�´e¸�¹°³�¯ì´EÇXº
¸�®°¯GÌQ»\½G¿>´e³.ÅÉ¶»\ÇÚä�ÅJ¸�®Ú¶¯AÆE¯A³.´E¾"¯�º°ÃE¯Q²$»\ÇèÃ\´E¾É´�ÄÒÅJ¯�¶YähÅJ¸�®Ú±�²$³.´,µ×®X´E¾1»\¶�¶�¹°¿X¿�»E³�¸�¶h¸�®°¯�¯QÄÒÅÉ¶¸¯�ÇXÌQ¯�»E¼
´ÜÃ\´E¾1´EÌQ¸�Å1Ìx¶�¹X¿k¯A³.ä�Å1ÇXº6ÈS»E³.ÅJÃ\Å1Ç>´e¸�Å1Ç°Ã·¼À³�»\½Ó¸�®°¯xÌQ¯�Ç�¸³.´E¾ ¶�¸�´e³�Â>¹°³.¶�¸�Å1Ç ç�æné á��%�&ÙMÕ Ñ ¶Y¿X³�¯�ºXÅ1ÌQ¸¯�º
¼ü³.»\½ ®cµÒº°³�»Òº°µÒÇX´E½xÅ1ÌA´E¾"¶�ÅÉ½¬¹X¾É´e¸�ÅJ»\ÇX¶AÈj¸�®X¯xÌQ»\Å1ÇXÌAÅ1º°¯�Ç>ÌQ¯x»E¼:¯QÄM¸¯�ÇXºX¯�º þ�� ´EÇ>ºî¶»E¼À¸n±�²$³�´�µW¯�½xÅ1¶�²
¶�ÅJ»\Ç Å1¶·¯QÄÒ¿�¯�ÌQ¸¯�ºt¼ü»E³ß¶�¹XÌ�®t´Þ¶�¹°¿�¯A³�ÂS¹°ÂXÂ>¾J¯EÈÁ¯QÄM¿S´EÇXºXÅ1Ç°ÃÍ¼ü³�»\½�¸�®°¯WºXÅ1¶õzÅ1Ç�¸»Þ¸�®°¯×®X´E¾1»°Õ �®°¯
´E¾J¸¯A³.ÇX´e¸�Å1ÆE¯�¿k»\¶.¶�ÅJÂ>Å1¾ÉÅJ¸9µG»E¼"´�¿>®°»E¸»\ÅJ»\Ç>Å/.�´e¸�ÅJ»\Ç ÌQ»\Ç°¯�¼À³�»\½v´GÌQ¯�Ç�¸³.´E¾ Ñ�æYç º°»�¯�¶�Ç°»E¸�ÌQ»E³�³�¯�¶¿�»\ÇXº
ä�ÅJ¸�®è»EÂS¶¯A³�Æe´e¸�ÅJ»\ÇX¶nÅ1Çî»E¸�®°¯A³ Ð ¯Aµ�¼À¯A³�¸nÃ\´E¾1´�Ä°ÅJ¯�¶¬Å1Çè¸¯A³.½x¶å»E¼l½G»E³�¿>®°»\¾1»EÃEµW´EÇ>ºè¯QÄM¸¯�Ç>¶�ÅJ»\Ç6Õ10X¹°³²
¸�®°¯A³.½G»E³.¯EÈkÅJ¸�º°»M¯�¶hÇ°»E¸h¯QÄM¿S¾1´EÅ1Ç ¸�®X¯¬¶»E¼À¸h¯QÄÒ¸³.´e¿>¾É´EÇX´e³h±h²$³.´,µÔ¶»\¹°³.ÌQ¯EÕ Ð ¸³�»\Ç°ÃÜÅ1½G¿>´EÌQ¸h¼ü³.»\½ ¸�®°¯
Å1Ç�¸¯A³.´EÌQ¸�ÅJ»\Ç×ä�ÅJ¸�® ¸�®X¯åöYÅJ³�ÃE» ã�é,
 Å1¶hºXÅ1¶�ÌQ¯A³�ÇXÅJÂ>¾J¯�Å1ÇÔ¸�®°¯�ºXÅ1¶¸�¹°³.Âk¯�º þ�� ½G»E³.¿>®°»\¾J»EÃEµEÈS³�¯AÆE¯�´E¾1Å1Ç°Ã
¶¯AÆE¯A³.´E¾�¯�½xÅÉ¶�¶�ÅJ»\ÇØõMÇX»E¸�¶ÁÂ�¯�¶�ÅÉº°¯�¸�®°¯�ºXÅÉ¶õSÕm�®X¯�Å1Ç°ËS¹°¯�ÇXÌQ¯h¼ü³�»\½ ¸�®°¯�´E½¬Â>ÅJ¯�Ç�¸ÁöYÅJ³�ÃE» ã�é,
 »\Çß¸�®°¯
ÌQ¯�Çc¸³�´E¾jÃ\´E¶¯A»\¹X¶h»\¹°¸�Ë>»�ä ®X´E¶�Â�¯A¯�Ç ºXÅ1¶�ÌA¹>¶�¶¯�º6Õb�®°¯ þ:ÿ ºXÅ1¶õØ»E¼ ç�æné á��%�&Ùx¿�»\¶�¶�Å1Â>¾Jµ·¶¯A³.ÆE¯�¶h´E¶
¿X³�»E¸¯�ÌQ¸�ÅJ»\ÇÛ¶�®XÅJ¯�¾Éºè¼ü»E³¬¸�®°¯·¯QÄÒ¸³.´e¿>¾É´EÇX´e³åÃ\´E¶U´e¸å¸�®°¯Ü¾J¯A¯·¶�ÅÉº°¯EÈ�´E¶UºXÅ1¶�ÌA¹>¶�¶¯�ºè¯EÕ Ã×¼ü»E³ çYæåé ác÷&Ú&Ú
�Àöm¯�Å1¾1¾J¯�¹°ÄØ¯A¸�´E¾(Õ�ê�Ù&Ù&Ù � Õ

Ð Å1½·Å1¾1´e³Y¸» ç�æné á��%�&ÙMÈ ´EÇî¯QÄÒ¸³.´e¿>¾1´EÇX´e³U¶»E¼À¸å±h²$³.´�µî¼À¯�´e¸�¹°³�¯ØÅ1¶åº°¯A¸¯�ÌQ¸�´eÂS¾J¯ØÅ1Ç çYæné ô&Ùeë\÷MÕ
Ï Â>¶¯A³.Æ�´e¸�ÅJ»\Ç>¶�»E¼�±h²$³.´�µî®X´E¾1»\¶¬´e³�¯Ü¶¸³�»\Ç°Ã\¾1µÚÂSÅ1´E¶¯�º6È"ºX¹°¯x¸»Ú¸�®°¯�ÅJ³U¾J»,äù¾1¹X½·Å1Ç°»\¶�ÅJ¸*µÔ³�¯�¾É´e¸�ÅJÆE¯·¸»
±�²$³�´�µÒ¶h¼À³�»\½ Ç�¹>ÌA¾J¯�¹X¶�´EÇ>º×ºXÅÉ¶õìÅ1ÇÔ¶¸�´e³.Â>¹°³.¶¸hÃ\´E¾1´�Ä°ÅJ¯�¶AÕ�±h²$³.´,µÔ®X´E¾J»\¶�®X´�ÆE¯U»\ÇX¾JµìÂ�¯A¯�ÇÚº°¯A¸¯�ÌQ¸¯�º
Å1Çì¯�º°ÃE¯Q²$»\ÇÚÃ\´E¾1´�Ä°ÅJ¯�¶�¶»Ü¼À´e³�Õ ç�æné á��%�&ÙÜ´EÇXº ç�æné ô&Ùeë\÷Ø´e³.¯¬¸�®°¯32>³.¶¸�³�¯A¿�»E³�¸¯�ºÔ¶µÒ¶¸¯�½x¶hä�ÅJ¸�®
Å1Ç�¸¯A³.½G¯�ºXÅ1´e¸¯GÅ1Ç>ÌA¾1Å1ÇX´e¸�ÅJ»\ÇÚ´EÇXºè´EÇè¯QÄÒ¸³.´e¿>¾É´EÇX´e³å¶»E¼À¸�±�²$³�´�µèÌQ»\½G¿�»\Ç°¯�Ç�¸�¯QÄM¿>´EÇ>ºXÅ1Ç°Ã�ÙÜõ�¿6ÌG´EÇXº
�ìõM¿6ÌeÈ�³�¯�¶¿�¯�ÌQ¸�ÅJÆE¯�¾1µEÈ"ÅÉÇc¸» ¸�®X¯·Ã\´E¾1´EÌQ¸�Å1ÌØ®X´E¾J»°Õ ã ÇÍÌQ»\Ç�¸³.´E¶¸U¸»Ô¸�®°¯Ø¼ü»E³.½x¯A³åÃ\´E¾1´�ÄÒµEÈ çYæåé ô&Ùeë\÷
Å1¶�´EÇWÅ1¶�»\¾1´e¸¯�º×¶�µM¶¸¯�½rä�ÅJ¸�®×Ç°»ßÇ°¯�´e³�ÂMµ ÌQ»\½G¿>´EÇXÅJ»\Ç×»E³YºXÅ1¶¸�¹°³.Âk¯�ºÔ½G»E³�¿>®°»\¾1»EÃEµEÕ Ñ ¾1¶»ØÇX»ØÌQ»\Å1ÇÒ²
ÌAÅ1ºXÅ1ÇXÃ þ�� ¯�½·Å1¶�¶�ÅJ»\ÇjÈjÌQ»\½G¿>´e³.´eÂ>¾1¯U¸»Ô¸�®°¯G»\Ç°¯xÅ1Ç ç�æné á��%�&ÙMÈ"Å1¶Y¿X³�¯�¶¯�Ç�¸�Å1Ç ç�æné ô&Ùeë\÷MÕx�®°¯
ÌQ¯�Çc¸³�´E¾�±h²$³.´�µ×¶»\¹°³.ÌQ¯�Å1¶�¶.¾1ÅJÃ\®�¸�¾JµØ¯QÄÒ¸¯�ÇXº°¯�ºjÈkÌQ»�ÆE¯A³.Å1Ç°ÃÜ¸�®°¯�´e³�¯�´·»E¼m¸�®X¯¬»E¿X¸�ÅÉÌA´E¾�®°»E¸Y¶¿�»E¸�¶AÕ��®°¯
±�²$³�´�µÊ¶¿�¯�ÌQ¸³.¹X½�¼À´,ÆE»\¹°³.¶G¸�®X¯ Å1Çc¸¯A³.¿X³�¯A¸�´e¸�ÅJ»\ÇÊ»E¼�´èÌQ¯�Çc¸³.´E¾�¶¸�´e³�Â>¹°³�¶¸AÕîí�®°¯A¸�®°¯A³x¸�®°¯ìÇM¹XÌA¾J¯�´e³
´EÌQ¸�ÅJÆÒÅJ¸9µÛ»E³.ÅJÃ\Å1ÇX´e¸¯�¶U¼À³�»\½�¶¯AÆE¯A³.´E¾:ºXÅ1¶�¸�Å1ÇXÌQ¸å³.¯AÃ\ÅJ»\ÇX¶AÈb´E¶U»EÂ>¶�¯A³�Æ�´eÂS¾J¯ÜÅÉÇÍ¸�®°¯ß»E¿X¸�ÅÉÌA´E¾(Èm»E³G¼ü³.»\½�´
¿>´e¸�Ì.®�µ·¶¸³�¹XÌQ¸�¹°³�¯�»E¼jÌQ¯�Çc¸³�´E¾6ºX¹X¶¸b´EÇ>º·Ã\´E¶:ä�®>Å1¾J¯l¸�®°¯YÌQ¯�Çc¸³�´E¾k¶�»\¹°³.ÌQ¯YÅ1¶Á½x»E³�¯�®X»\½G»EÃE¯�Ç°¯A»\¹X¶AÈ°´E¶
ÌQ»\ÇXÌA¾1¹XºX¯�º�¼ü³�»\½Ö³.´EºXÅJ»�»EÂ>¶�¯A³�Æ�´e¸�Å1»\ÇX¶AÈcÅ1¶bÇ°»E¸m¿�»\¶�¶�ÅJÂ>¾1¯Á¸»Uº°¯A¸¯A³.½xÅ1ÇX¯á¼À³�»\½¨¸�®X¯�¶¿>´e¸�Å1´E¾Ò³.¯�¶»\¾1¹°¸�ÅJ»\Ç
»E¼Á¸�®X¯ þhÎ�ã ºX´e¸�´ÒÕ Ð Å1ÇXÌQ¯�±�²$³�´�µÒ¶åÅ1ÇW¸�®°¯ Î�ÏnÐ°Ñ ¨¯�Ç°¯A³�ÃEµÚ³.´EÇ°ÃE¯·´e³.¯x¶¸³�»\Ç°Ã\¾JµÚ´�Ýk¯�ÌQ¸¯�ºÛÂMµÚ´eÂ°²
¶»E³�¿X¸�Å1»\Ç6È>´EÇ�µÔ®°»E¸�²9¶¿�»E¸h¶�¸³.¹XÌQ¸�¹°³�¯UÅ1Ç ¸�®X¯å±h²$³.´�µÒ¶YÌQ»\¹X¾1º Â�¯åÌA´E¹>¶¯�ºÚÂ�µ ¶�¹>Ì.®ÔÅÉÇX®°»\½G»EÃE¯�Ç°¯A»\¹>¶�¾Jµ
ºXÅ1¶¸³�ÅJÂ>¹°¸¯�ºÜÌQ¯�Çc¸³�´E¾ ã�æ�
 ÈS´E¶�äá¯�¾1¾6´E¶�ÂMµÜ¶�¯AÆE¯A³.´E¾�ºXÅÉ¶¸�Å1ÇXÌQ¸á¯�½xÅ1¶�¶.ÅJ»\Çß³�¯AÃ\ÅJ»\ÇX¶�Õ

���54 687Ü¥b�:9å��¥ �>£��.�h���
Ï Ç°¯:½x´EÅ1Ç�ºXÅ<;ÜÌA¹X¾J¸9µnÅÉÇ¬´EÇX´E¾1µ=.�Å1ÇXÃh¸�®°¯:¿X³.¯�¶¯�Çc¸¯�º Î�ÏnÐ°Ñ Þº>´e¸�´Y¸�¹°³.Ç°¯�º¬»\¹°¸"¸»�Â�¯Á¸�®°¯:³�¯�¾É´e¸�ÅJÆE¯�¾Jµ
¾J»,äÞ¶¿>´e¸�Å1´E¾M´EÇXº¬¶¿�¯�ÌQ¸³.´E¾\³�¯�¶�»\¾1¹°¸�ÅJ»\Çå¸»�½G¯A¯A¸�¸�®°¯:ÌQ»\½G¿>¾J¯QÄn¶¸³.¹>ÌQ¸�¹°³�¯b»E¼X¶�¸�´e³�Â>¹°³.¶�¸j³�¯AÃ\ÅJ»\ÇX¶�Õ þ »,ä
Å1½G¿�»E³�¸�´EÇ�¸hÅJ¸�Å1¶h¸»ìºXÅ1¶¸�ÅÉÇ°Ã\¹XÅ1¶�®Ô¶¿>´e¸�Å1´E¾1¾1µ ºXÅ&Ý�¯A³�¯�Çc¸YÌQ»\½G¿�»\Ç°¯�Ç�¸�¶�Å1ÇÚ¶¸�´e³�Â>¹°³�¶¸hÃ\´E¾É´�ÄÒÅJ¯�¶Y´EÇXºÚ¸»
ºXÅ1¶�ÌQ³�Å1½xÅ1ÇX´e¸¯¬¸�®°¯�ÅJ³�Å1ÇXº>ÅJÆMÅÉºX¹X´E¾j¶¿�¯�ÌQ¸³.´E¾mº>Å1¶¸³.ÅJÂS¹°¸�ÅJ»\ÇX¶AÈS®X´E¶�Â�¯A¯�ÇWÅ1ÇXºXÅ1ÌA´e¸¯�ºÚ¼À»E³�¸�®°¯G¿X³�¯�¶�¯�Çc¸¯�º
»EÂÒâ¯�ÌQ¸�¶AÈ"¯EÕ Ã°Õ Å1Çè¸¯A³.½x¶å»E¼�ÌQ»\½G¿�»\¶�ÅJ¸�ÅJ»\Çî»E¼l¸�®°¯ØÇM¹XÌA¾J¯�´e³U¶»\¹°³.ÌQ¯x»E³�®°»E¸å®>´E¾J» Ã\´E¶AÕ û"´e³�¸�¾JµEÈ"¸�®°¯
´�Æe´EÅ1¾1´eÂ>¾1¯ÜºX´e¸�´è´E¾É¾J»,ä »\ÇX¾1µî¸»è¯QÄÒ´E½·Å1Ç°¯ßÂ>¾J¯�ÇXº>¶å»E¼�ºXÅ1¶¸�Å1Ç>ÌQ¸¬ÌQ»\½G¿�»\Ç°¯�Ç�¸�¶AÈÁ¾ÉÅJõE¯ìÅ1ÇÍ¸�®X¯ ÌA´E¶¯ì»E¼
çYæåé á�áXêAë ºX¹°¯�¸»ì¸�®°¯x¾É´e³�ÃE¯xºXÅ1¶¸�´EÇ>ÌQ¯EÈj»E³�¼ü»E³ çYæné ác÷eë\÷ßä�®°¯A³�¯G¶�ÅÉ½¬¹X¾1¸�´EÇ°¯A»\¹X¶�¶¿�¯�ÌQ¸³.´E¾m´EÇXº
¶¿>´e¸�Å1´E¾6ÅÉÇ°¼ü»E³�½x´e¸�ÅJ»\ÇìÅ1¶:»\ÇX¾1µØÃ\ÅJÆE¯�Ç ¼ü»E³�¸�®X¯n¯�Çc¸�Å1³�¯n¶µÒ¶¸¯�½ìÕ

�®°¯hÇ°¯�ÌQ¯�¶�¶�ÅJ¸*µx¸»�Å1½G¿X³�»�ÆE¯�¸�®°¯�ºX´e¸�´3>M¹X´E¾1Å1¸9µxÅ1¶b»EÂ�ÆÒÅJ»\¹X¶AÈMÅJ¼�äÁ¯YÇ°»E¸¯h»EÂ>¶¯A³�Æe´e¸�ÅJ»\ÇX¶Á»E¼jÇ°¯�´e³�ÂMµ
Ã\´E¾1´�Ä°ÅJ¯�¶åähÅJ¸�®ÍÌQ»\½G¿S´e³.´eÂ>¾J¯Ø¿X³�»E¿�¯A³�¸�ÅJ¯�¶AÕ Ñ ¶U½G¯�Ç�¸�ÅJ»\Ç°¯�ºÞÅ1Ç Ð ¯�ÌQ¸AÕmôMÕ`÷MÕ`ôMÈb¸�®X¯A³�¯ØÅ1¶U´ÚÌQ»\Çc¸³�»�ÆE¯A³²
¶�Å1´E¾ÁºXÅ1¶�ÌA¹X¶.¶�ÅJ»\Çè»\ÇÛ¸�®°¯ßº°¯A¸¯A³.½xÅ1Ç>´e¸�ÅJ»\Çî»E¼�¸¯�½x¿k¯A³�´e¸�¹°³�¯Ø´EÇ>ºÛ½G¯A¸�´E¾É¾1Å1ÌAÅJ¸*µè»E¼�¸�®°¯Ø®X»E¸U®X´E¾1»ÔÃ\´E¶
Å1Ç ç�æné ô|�E÷Û¼ü³�»\½�´�Æe´EÅ1¾1´eÂ>¾1¯Ô±h²$³.´�µÙ»EÂS¶¯A³�Æe´e¸�ÅJ»\ÇX¶?�gû�¯A³�¶�Å1Ì ¯A¸ß´E¾(Õ ê�Ù&Ù&ÚA@nûb¸�´eõÙ¯A¸ß´E¾(Õ ê�Ù&Ù&ÙA@
B ´E®X¾J¯�½ ¯A¸Ü´E¾(Õ ôeëEëEëC@�íè¯�´�ÆE¯A³ì¯A¸Ü´E¾(Õ ôeëEëEëC@YûÁÅJ¯A¸�¶�Ì�®�¯A¸Ü´E¾(Õ ôeëEëEë � Õ é »\½G¿>´e³�´eÂ>¾J¯ÔºXÅJÝk¯A³.ÅÉÇ°Ã
Å1Ç�¸¯A³�¿X³�¯A¸�´e¸�ÅJ»\Ç>¶�®X´,ÆE¯UÂ�¯A¯�ÇÔ¿>¹°Â>¾1ÅÉ¶�®°¯�ºß¼À»E³ 
 ÚEôMÕ�DÁ¶¿�¯�ÌAÅ1´E¾1¾JµEÈS¶¸³�»\Ç°ÃÜº°¯AÆMÅÉ´e¸�ÅJ»\ÇX¶h¸�¹°³.Ç°¯�ºÔ»\¹°¸hÅ1Ç
¸�®°¯å³.¯�¶�¹X¾J¸�Å1ÇXÃx½G¯A¸�´E¾1¾1Å1ÌAÅ1¸9µß»E¼m¸�®°¯¬®>´E¾J»xÃ\´E¶AÕ�í�®XÅ1¾1¯n¸�®°¯åäá»E³�õÒ¶�ÂMµ B Å1Ì�õE»�äE��ê�Ù&Ù|� � ´EÇ>º B ´E®X¾J¯�½
¯A¸Á´E¾(ÕF��ê�Ù&Ù&Ú � µÒÅJ¯�¾1ºx´¬¶�ÅJÃ\ÇXÅ/2SÌA´EÇc¸b¯�ÇX®X´EÇXÌQ¯�½G¯�Ç�¸b»E¼j½x¯A¸�´E¾1¶ÁÌQ»\½x¿>´e³�¯�ºx¸»�¶»\¾1´e³ÁÆ�´E¾É¹°¯�¶AÈ�¶.¹°Â°²9¶»\¾1´e³
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Ñ � �®X¯ Ñ ¶¸³.»\Ç°»\½xÅ1ÌA´E¾Q�\»\¹°³.ÇX´E¾Ñ ¿	� �®X¯ Ñ ¶¸³.»\Ç°¿>®�µM¶�ÅÉÌA´E¾��E»\¹°³.Ç>´E¾Ñ ¿	� Ð �®X¯ Ñ ¶¸³.»\Ç°¿>®�µM¶�ÅÉÌA´E¾��E»\¹°³.Ç>´E¾ Ð ¹°¿X¿>¾1¯�½G¯�Çc¸ Ð ¯A³.Å1¯�¶Ñ ¿	k ÐXÐ Ñ ¶¸³�»E¿>®�µÒ¶�Å1ÌA¶�´EÇXº Ð ¿>´EÌQ¯ Ð ÌAÅJ¯�Ç>ÌQ¯Ñ�Î�Ñ k Ñ Ñ ÇXÇM¹X´E¾ Î ¯AÆÒÅJ¯Aä »E¼ Ñ ¶¸³�»\Ç°»\½¬µì´EÇXº Ñ ¶�¸³�»E¿>®�µM¶�ÅÉÌA¶Ñ ¶¸³�»\Ç6Õ Î ¯A¿jÕ Ñ ¶¸³�»\Ç°»\½¬µ Î ¯A¿�»E³�¸�¶3�À¼À»E³.½G¯A³ Ð »,ÆÒÅJ¯A¸ Ñ ¶¸³�»\Ç°»\½¬µ �Ñ k Ñ Ñ ¶¸³�»\Ç°»\½¬µì´EÇXº Ñ ¶¸³�»E¿>®�µÒ¶�Å1ÌA¶Ñ k ÑhÎ �®X¯ Ñ ¶¸³.»\Ç°»\½åµì´EÇXº Ñ ¶¸³.»E¿>®cµÒ¶�Å1ÌA¶ Î ¯AÆMÅ1¯AäÑ k ÑYÐ Ñ ¶¸³�»\Ç°»\½¬µì´EÇXº Ñ ¶¸³�»E¿>®�µÒ¶�Å1ÌA¶ Ð ¹°¿>¿>¾J¯�½G¯�Ç�¸ Ð ¯A³.ÅJ¯�¶à ¹X¾1¾(Õ Ñ ¶¸³�Õ Ð »ÒÌeÕ ã ÇXºXÅ1´ à ¹X¾1¾1¯A¸�Å1ÇÜ»E¼	¸�®X¯ Ñ ¶¸³.»\Ç°»\½xÅ1ÌA´E¾ Ð »MÌAÅJ¯A¸*µß»E¼ ã ÇXºXÅ1´

ÚçhÎhÑYÐ 
 »\Çc¸�®>¾Jµ ç »E¸�Å1ÌQ¯�¶�»E¼	¸�®X¯ Î »�µ\´E¾ Ñ ¶¸³�»\Ç°»\½xÅÉÌA´E¾ Ð »ÒÌAÅJ¯A¸9µû ÑYÐ � ûÁ¹°Â>¾1Å1ÌA´e¸�Å1»\ÇX¶á»E¼	¸�®X¯ Ñ ¶¸³.»\Ç°»\½xÅ1ÌA´E¾ Ð »MÌAÅJ¯A¸*µß»E¼��c´e¿>´EÇû ÑYÐ û ûÁ¹°Â>¾1Å1ÌA´e¸�Å1»\ÇX¶á»E¼	¸�®X¯ Ñ ¶¸³.»\Ç°»\½xÅ1ÌA´E¾ Ð »MÌAÅJ¯A¸*µß»E¼�¸�®°¯¬û	´EÌAÅ/2SÌûb®�µÒ¶AÕ Î ¯AÆkÕd j¯A¸¸AÕ ûÁ®cµÒ¶�Å1ÌA´E¾ Î ¯AÆMÅJ¯Aä¡ j¯A¸¸¯A³.¶Î ¯AÆkÕ 
 ¯QÄkÕ Ñ ¶¸³.»\Ç6Õ Ñ ¶�¸³�»z2S¶AÕ Î ¯AÆMÅ1¶�¸�´ 
 ¯QÄ°Å1ÌA´EÇX´·º°¯ Ñ ¶�¸³�»\Ç°»\½£¢¤ ´�µ Ñ ¶¸³�»E¼n¢¤ ¶�Å1ÌA´Î ¯AÆkÕ 
 »MºjÕ Ñ ¶¸³,Õ Î ¯AÆMÅJ¯Aäh¶�Å1Ç 
 »Mº°¯A³�Ç Ñ ¶�¸³�»\Ç°»\½¬µ

Ñ ¾1¾J¯�Ç æ Õ¥D�ÕJÈdf�¯A»\®X´EÇ°¯j�°Õ íýÕJÈ æ »E¸¸�®°¯�¾J¼¦D�Õ ö¬ÕJÈX¯A¸h´E¾(ÕJÈ�ê�Ù&Ù���È Ñ ¿	���3Ú���È	 5Ù��
Ñ ³.ÇX´E¹Xº�fGÕ Ñ ÕJÈ ê�Ù&Ù%�MÈ�Å1ÇT§�¨U�Xyn�zw©�zªH«X¬vz®�¯jve��v�§�w	vz®L°±¨²«³¨j´©�nµU�X~�vzy¶}�vzw	x1´	°±¨U�·}Uªj¨�¸jÈ Ñ�Ð û é »\Ç°¼<Õ

Ð ¯A³�Õ°öm»\¾(Õ�êAë°êeÈS¯�ºX¶AÕ æ Õ	�c´EÌQ»EÂ�µEÈ¹�°Õ à ´e³.ÇX¯�¶AÈ°¿jÕjê��
à ´eº¾1¹XÌAÅz¢Ç>¶õ�´�² é ®�¹°³�Ì.® 
 ÕJÈ 
 Ì é ´E½x½G»\Ç B ÕJÈ�ê�Ù&ÙEôMÈ Ñ ¿©�r�\ëEëÒÈ �&Ù&Ù
à ´e³�Â�¯A³ é Õ Î ÕJÈ Î »EÂ�¯A³�¸�¶��Õ7û	ÕJÈXíî´e³.ä�Å1Ì�õ Î Õ Ð ÕJÈ�ê�Ù&Ù%�MÈ 
Úç�Î�Ñ�Ð ô&ÚEôMÈ�ê$���
à ¯A³.½x´EÇìöUÕJÈ Ð ¹>Ì.®°õE»�Æ Ñ Õ Ñ ÕJÈ�ê�Ù&ÙÒêeÈ Ñ ¿	k Ð>Ð ê�Ú��°È�ê��&Ù
à Å1Ç°ÃEÃE¯�¾1Å à ÕJÈjê�Ù&Ù��°È>Å1Çh»Fvzw©¬UuMy5�zª�ve�X«�¬T¸�«�}U~N�nµr¼Fvz®/v\½�«�}U¨�¾�¿QuC}[«Ày!Á,Âz�z®LÃC�X«��zw	vey°r»,ÃMÄÅÄ[®/}AÈ�¯�ºX¶�Õ æ Õ

þ ¯�ÇX¶�¾1¯A³�Èd�°Õ Ð Õ æ ´E¾1¾1´eÃ\®°¯A³�È é ®6ÕX�®°¯�Å1¶�ÈCDÁºXÅJ¸�ÅJ»\Çh0X³�»\Çc¸�Å�Æ¯A³.¯�¶AÈ æ Å1¼É²9¶�¹X³²�Ç�ÆE¯A¸¸¯�¶�È>¿jÕjê��e÷
à Å1Ç°ÃEÃE¯�¾1Å à ÕJÈ é ´E½G¯A³�»\Çt bÕ 
 ÕJÈ�ê�Ù&ÙÒêeÈ Ñ k Ñ ôeÈEôMÈSô��
à Å1Ç°ÃEÃE¯�¾1Å à ÕJÈ Ð ´EÇXºX´eÃE¯ Ñ ÕJÈ>	´E½x½x´EÇXÇ æ Õ Ñ ÕJÈ�ê�Ù&ÚeÈMÈ Ñ �vÙeëÒÈ�ê��&ÚÒê
à Å1ÇXÇ°¯Aµ1�°ÕJÈ>�³�¯�½x´EÅÉÇ°¯ Ð ÕJÈ�ê�Ù&Ú���Èq¼Fve®<v�¬É�X«X¬�¯3°zw	vzªH«�¬U¨4ÈSû ³�Å1ÇXÌQ¯A¸»\Ç � ÇXÅJÆE¯A³.¶�Å1¸9µßû ³�¯�¶�¶�ÈXû ³.Å1Ç>ÌQ¯A¸»\Ç6È

ç ¯Aä8�\¯A³.¶¯Aµ
à »�»EõMÂ>Å1Ç>º°¯A³!�°ÕJÈ é »�ä�ÅJ¯3 bÕ¥  ÕJÈZf�³.»\¾1ÅJõ��XÕ þ ÕJÈ Ï ¶¸³.ÅJõE¯A³!�XÕ7û	ÕJÈ Î ¯A¯�¶ 
 ÕJÈ�ê�Ù&ÚeëÒÈ Ñ ¿	�·ôE÷���Èv�����
à »E³�õE»,äh¶õMÅVfGÕÊ�°ÕJÈZ �µE¯A³.¾JµÜí ÕÊ�XÕJÈ Î ¯AµÒÇ°»\¾1º>¶ Ð Õ7û	ÕJÈ>ôeëEëEëE´ÒÈ Ñ ¿	�XÈX¶�¹°Â>½xÅ1¸¸¯�ºË�g´E¶¸³�»e²$¿>®	��ëEëEë�Úeë4�%� �
à »E³�õE»,äh¶õMÅTfxÕÊ�°ÕJÈ Î ®X»Ì�XÕJÈ Î ¯AµÒÇ°»\¾1ºX¶ Ð Õ7û	ÕJÈ B µE¯A³ÍfGÕ¥fGÕJÈÛôeëEëEëeÂ�È Ñ ¿©�°Èß´EÌAÌQ¯A¿X¸¯�ºÎ�g´E¶¸³�»e²

¿S®	��ëEëEë4�ÒêU�3Ù �
à »E³�õE»,äh¶õMÅVfGÕÊ�°ÕJÈ Ð .AµM½GõE»�ä�Å1´eõ Ñ Õ¥D�ÕJÈ à ¾J»\ÇXº>Å1Çh�°Õ 
 ÕJÈ Ð ´e³.´z.�Å1Ç é Õ¥  ÕJÈjê�Ù&Ù%�MÈ Ñ ¿©�r�C�%�MÈSÚ%�%�
à »E¸�®�¹>Ç æ Õ B ÕJÈ ã ½G¿�¯Aµ é ÕJÈ 
 ´E¾1ÅÉÇ B ÕJÈ�ê�Ù&ÙÒêeÈ Ñ ¿	�·÷��.�MÈd�\ëz�
à ³.´EºX´E½x´EÇ�¸¯�0áÕJÈ 
 ´e¸¸¯�¹XÌAÌAÅ�0áÕJÈ BjÏ D ³.ÌQ»\¾J¯ Ñ ÕJÈ�ê�Ù&Ù&ÚMÈ Ñ k Ñ ÷E÷���È�÷E÷&Ú
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à ³.´Eº°¸ þ Õ ö¬Õ B ÕJÈ Ï ®X´E¶�®XÅ6�ÕJÈSû�»\¹>ÇXºX¶'fGÕ Ñ ÕJÈ�ê�Ù&ÙEôMÈ Ñ�Î�Ñ k Ñ ÷eëÒÈS÷&ÙÒê
à ³�¯�ÅJ¸�¶�Ì�®cäá¯A³.º°¸ B ÕJÈ Ð Ì.®X½U¹°¸5.�¾J¯A³�nÕJÈjê�Ù&Ù&ÙMÈ Ñ k Ñ ÷�����È �eÈeë
à ³.ÅJ¯�¾ � Õ æ ÕJÈ Ñ ¶�Ì�®°¯�Ç�Â>´EÌ.® à ÕJÈ�DÁÇ°Ã\¾1®X´E¹X¶�¯A³��°ÕJÈ�¯A¸¬´E¾(ÕJÈáê�Ù&Ù���ÈqÓ3ÔO´Õ§�¿ÌÖV¨[}[yC× ¨jØ3vew	xMÙ¶�É��Ú�È 
 ´�Ä�²

ûÁ¾1´EÇXÌ�õ�² ã ÇX¶¸�ÅJ¸�¹°¸l¼²g¹°³l¯QÄÒ¸³.´e¸¯A³�³�¯�¶�¸³.Å1¶�Ì�®°¯åûb®�µÒ¶�ÅJõkÈ æ ´e³.Ì.®XÅÉÇ°Ã°È æ ¯A³.½·´EÇcµ
à ¹°³�³�»�ä�¶ B Õ ç ÕJÈ 
 ¯�ÇXºX¯�ÇX®X´E¾1¾��XÕ Ñ ÕJÈ�ê�Ù&ÙÒêeÈ ç ´e¸�¹X³�¯¬÷eÈÒêeÈ �Eô&Ù
à ¹X¶�®°»\¹X¶�¯ þ Õ Ñ ÕJÈ�ê�Ù&Ú%�MÈ Ñ �rÙÒêeÈSôeÈeÈ
é ´E¶¸»E³��XÕJÈ 
 Ì é ³.´�µ Î ÕJÈXíè¯�´�ÆE¯A³ Î ÕJÈ�ê�Ù��zÈMÈ Ñ ¿	�·ôeëEëÒÈ© bêAë0�
é ®X´e¿�¯�¾J»\Ç Ð ÕJÈ é »\Çc¸�Å1Ç>ÅknÕJÈ B ´�ÆE»\¹X¶¸�D�ÕJÈ�ê�Ù&Ù&ÙMÈ Ñ k Ñ ÷��MÈMÈ:ÚÒê
é ®M¹�ÇUÕ ² þ ÕJÈ 
 ´EÌ� j»�ä 
 Õ ² 
 ÕJÈ	ê�Ù&ÙeëÒÈ Ñ ¿	�x÷%�eÈMÈ¹ÈÒêAë
é Å1º�0°¯A³.ÇX´EÇXºX¯�¶ Î ÕJÈ6ê�Ù&Ù���ÈXÅ1Ç£´©��vzy[Ù[ÃCyÅ¨U��§�¬\�X«`ÂÉ«X�X°j«`w�¼Fvz®/v\½�«�}U¨�ÈX¯�ºX¶�ÕC�XÕA0°³�´EÇXÌQ»°È Î Õ°�¯A³�¾J¯AÆMÅÉÌ.®6È Ñ Õ

Ð ¯A³.³.´EÇ°»°È Î ¯AÆkÕ 
 ¯QÄkÕ Ñ ¶¸³.»\Ç6Õ Ñ ¶¸³�»z2S¶AÕ é »\Ç°¼*Õ Ð ¯A³�Õ°öm»\¾(Õv�MÈX¿�Õ>ôeë°ê
é ÅJ»E¸¸�ÅJ bÕJÈ>û	¯�¾1¾J¯AÃE³.Å1Ç>Å Ð ÕJÈ Î ¯�ÇÕ.�Å1Ç>Å Ñ ÕJÈ BjÏ Db³.ÌQ»\¾J¯ Ñ ÕJÈ�ê�Ù&ÙÒêeÈ Ñ ¿	�Ø÷��.�MÈk÷&Úeë
é »M¯ 
 ÕÊ�XÕJÈ�ôeëEëEëÒÈ�Å1Ç)¿QuC}hÛ�}1»OuÕ}Uw	�zªÒ}[w	�zwÜ«`wÝÁ!vzy®L°z¾[¿Z°ÞÕ}�´	��veyÅ¨4È�û ³�»ÒÌQ¯A¯�ºXÅ1Ç°Ã\¶·»E¼Y¸�®°¯ ã�Ñ'�

é »\¾É¾J»A>M¹XÅ1¹>½ ç »°Õ�ê��zÈMÈ>¯�º>¶AÕ 
 Õ Ð ½xÅJ¸�®6È þ Õ þ ¯�Ç°³.Å1Ì�®X¶AÈd�°ÕZ0>´eÂX³�¯AÃ\´e¸AÈSÅÉÇì¿X³�¯�¶�¶
é »\¾1¾J¯�¶.¶ 
 ÕJÈdDÁ¾1¾1Å1¶ Î Õ Ð ÕJÈX�´,µM¾1»E³�fGÕJÈ þ »�»Eõ Î Õ ç ÕJÈ�ê�Ù&ÙeëÒÈ 
ÚçhÎhÑYÐ ô��e�°È	�\ë�Ú
é »\½¬Âk¯�¶!0ÁÕJÈ æ ¯A³.Å1Ç 
 ÕJÈ�ê�Ù&ÚeÈMÈ Ñ k Ñ ê\ÈeëÒÈk÷Eô��
B ´E®X¾J¯�½ 
 ÕJÈ�ê�Ù&Ù���ÈSû Ñ�Ð ûýêAë�ÙMÈ�ê�ô&Ù&Ú
B ´E®X¾J¯�½ 
 ÕJÈ þ ¯�Ì�õÒ½x´EÇ nÕ 
 ÕJÈZ0X´eÂ>Â>Å1´EÇ°» æ ÕJÈZ �¯�®XÇ°¯A³�¸ 
 Õ B ÕJÈ æ Å1¾1½G»E³�¯ B ÕJÈjê�Ù&Ù%�MÈ Ñ ¿	�j�C�ÒêeÈP�eô��
B ´E®X¾J¯�½ 
 ÕJÈ>û"´e³.½G¯A³ Ñ ÕJÈ Ï »\¶�¸¯A³�ÂX³�»M¯Aõì�ÕJÈ°¯A¸�´E¾(ÕJÈSôeëEëEëÒÈ Ñ ¿©�ÒÈE÷&ÚMÈ©ÈeÈeÈ
B ´E®X¾J¯�½ 
 ÕJÈXíè¯�´�ÆE¯A³RfGÕ Ñ ÕJÈ þ ¯�Ì�õÒ½x´EÇÔnÕ 
 ÕJÈ�ê�Ù&Ù&ÚMÈ Ñ ¿	� Ð êEê�ÚMÈ	�\ë°ê
B ´�ÆÒÅJ¯�¶ Î Õ ã È Ð ¹XÃ\´EÅ þ ÕJÈ>íî´e³.º 
 ÕÊ�°ÕJÈ�ê�Ù&Ù&ÚMÈ 
×ç�Î�Ñ�Ð ÷eëEëÒÈk÷&Ú&Ú
B ¯�ÌQ»\¹°³.Ì.®X¯�¾1¾J¯ Ñ ÕJÈdDb¾É¾1Å1¶»\Ç B Õ é ÕJÈ à ´E¾1¾J¯A¸��XÕJÈ>ôeëEëEëÒÈ Ñ ¿	�XÈX¶�¹°Â>½xÅ1¸¸¯�ºË�g´E¶¸³�»e²$¿>®	��ëEëEë�ÚE÷��e� �
B ¯AõE¯�¾ Ñ ÕJÈ Ð Å1¾Jõ��°ÕJÈ�ê�Ù&Ú%�MÈ Ñ ¿	�Ø÷eë\÷MÈk÷&Ù
B ¯A³�¯jfxÕ7û�ÕJÈ� �´EÇXºXÅVD�ÕJÈ 
 ´E¶�»\Ç þ Õ¥D�ÕJÈ 
 »\ÇX¶�Å1Ã\Ç°»E³.ÅQ0X»\¶�¶�Å à Õ é ÕJÈ¹Ç »\¹XÇ°Ãßû	Õ Î ÕJÈmê�Ù&Ù���È Ñ k ÑYÐ ê�ôeÈMÈ

êU�3Ù
º°¯¹Ç »\¹XÇ°Ã B Õ Ð ÕJÈ�ê�Ù��ÚMÈ Ñ ¿	�·ôEôE÷MÈ	���
º°¯VGk¯A¯�¹�äú�ÕJÈd0X³.´EÇÒÄ 
 ÕJÈ�ê�Ù&ÙÒêeÈ Ñ�Î�Ñ k Ñ ô&ÙMÈ�ôE÷&Ù
B Å1Ì�õE¯Aµ£�°Õ 
 ÕJÈ	 �»MÌ.õM½·´EÇ£0áÕÊ�°ÕJÈ�ê�Ù&ÙeëÒÈ ÑhÎhÑ k Ñ ô&ÚMÈ�ôÒê\È
B Å1Ì�õE»�ä Î ÕJÈjê�Ù&ÙeÈMÈ B ÅJ¿>¾1»\½x´U¸�®°¯�¶�Å1¶AÈ � ÇXÅJÆE¯A³�¶�ÅJ¸9µÜ»E¼�fnÅJ¯�¾(È æ ¯A³.½·´EÇcµ
B ³.ÅJÆE¯A³ Ð Õ7û	ÕJÈXí�Å1ÇXº>®°»E³.¶¸ Î Õ Ñ ÕJÈ æ ³�Å<;·¸�® Î Õ¥D�ÕJÈ�ê�Ù&ÙeÈMÈ Ñ ¿	���MÈE÷MÈd�3Ú
B ¹XÌ�û	Õ ² Ñ ÕJÈ 
 ÅJ³�´eÂk¯�¾ ã Õ¥0áÕJÈ�ê�Ù&Ù��°È Ñ k Ñ ô&Ú&ÙMÈ:ÚE÷
B ¹XÌ�û	Õ ² Ñ ÕJÈ 
 ÅJ³�´eÂk¯�¾ ã Õ¥0áÕJÈ�ê�Ù&Ù&ÚMÈ Ñ k Ñ ÷E÷E÷MÈ:ÚÒê�÷
0X´eÂXÂ>ÅÉ´EÇ°» æ ÕJÈ�ê�Ù&Ú&ÙMÈ ÑhÎhÑ k Ñ ô���ÈSÚ��
0X´eÂ>Å1´EÇ Ñ Õ é ÕJÈ�ê�Ù&ÙEôMÈ Ñ�Î�Ñ k Ñ ÷eëÒÈZ�cô&Ù
0°¯A³�Ã\¹X¶�»\Ç þ Õ é ÕJÈ à Å1Ç°ÃEÃE¯�¾1Å à ÕJÈ�ê�Ù&Ù��°È Ñ k ÑhÎ �MÈv���
0°»E³.½x´EÇÔí ÕJÈ©�E»\Ç°¯�¶ é ÕJÈ é »\½xÅ1Ç>¶õ�µ�  ÕJÈX¯A¸�´E¾$ÕJÈjê�Ù��ÚMÈ Ñ ¿	� Ð ÷&ÚMÈ�÷eÈ��
0°»E³.½x´EÇÔí ÕJÈ Ð Ì.®�äá´e³Å.��°ÕJÈ	�\»\Ç°¯�¶ é ÕJÈZ �Å1¾1¾J¯A³:íýÕJÈd0X´eÂ>ÅÉ´EÇ Ñ ÕJÈ�ê�Ù��ÙMÈ Ñ ¿	�·ôE÷��°È© �ô��
0°³.´EÇXÌQ»��°ÕJÈd0°¯A³.³.´e³.´ Ñ ÕJÈ Î »e.AµÒÌU.Aõe´ 
 ÕJÈ>�¯�ÇX»E³.ÅJ»e²9	´eÃ\¾J¯ æ ÕJÈ é »�Ä B Õ7û�ÕJÈ	ê�Ù&ÙE÷MÈ Ñ ¿	�H�\ë0��È	êAëEë
æ ´e³.Ç°¯A¸¸ B Õ Î ÕJÈ�ê�Ù&ÙeëÒÈ Ñ ¿	�Ø÷%�eëÒÈ�êU�cô
æ Å1´EÌAÌQ»\ÇXÅ Î ÕJÈ æ ¹X³.¶õMµ þ ÕJÈ>û"´e»\¾1Å1ÇXÅJ0áÕJÈ Î »\¶�¶�Å à ÕJÈ�ê�Ù%�EôMÈ�ûb®�µM¶�Õ Î ¯AÆkÕd j¯A¸¸AÕSÙMÈd�c÷&Ù
æ ¹Õ.�½x´EÇ Î ÕJÈ	�c´EÇ°ÃE³�¯�Ç Ñ ÕJÈdf�»M» B Õ é ÕJÈX¯A¸�´E¾(ÕJÈ�ê�Ù&Ù&ÚMÈ Ñ ¿	�r�3ÙeÈMÈ© bê�÷
þ ´eÂ�¯A³.¾J0áÕJÈ Ð ´E¶�´eõMÅ 
 ÕJÈSôeëEëEëÒÈ Ñ k Ñ ÷eÈ&ÙMÈ¹È��e÷
þ ¯�Ì.õM½·´EÇÙ�Õ 
 ÕJÈ�ê�Ù&Ù&ÚMÈ:Å1ÇßÔ,y«/àe«`wÕ¨4È Ñ�Ð û é »\Ç°¼<Õ Ð ¯A³�Õ"öm»\¾(Õ�êU�3ÚMÈá¯�ºX¶AÕ é Õ¥D�Õmíè»�»Òº°ä:´e³.º6Èq�XÕ 
 Õ

Ð ®M¹X¾1¾$È þ Õ Ñ ÕS�®°³�»\ÇX¶�»\Ç6ÈZ�E³�ÕJÈ°¿jÕ�ê�ô��
þ ¯�Ì.õM½·´EÇÔ�Õ 
 ÕJÈ Ñ ³.½¬¹>¶F  ÕJÈ 
 Å1¾J¯Aµ æ ÕJÈ�ê�Ù&ÙeëÒÈ Ñ ¿©� Ð �±�°ÈSÚE÷E÷
þ ¯�Ì.õM½·´EÇ��Õ 
 ÕJÈ' j¯�®XÇ°¯A³.¸ 
 Õ B ÕJÈ Ñ ³�½¬¹X¶Ò  ÕJÈYê�Ù&ÙE÷MÈ�Å1Çá¿QuC}1Á,wZÂ±«Ày5�zwZªÒ}[wd�jvew	xTÁ,Â��e®âÃÕ�X«��zwÍ�nµ

¼Fvz®/v\½�«�}U¨�È°¯�ºX¶AÕÕ�°Õ 
 Õ Ð ®�¹>¾1¾(È þ Õ Ñ ÕÒ�®°³.»\ÇX¶»\Ç6ÈC�E³�ÕJÈÕfn¾1¹�äá¯A³ Ñ ÌA´Eº°¯�½xÅ1Ì�ûb¹°ÂS¾1Å1¶�®°¯A³,È B »E³.º°³�¯�Ì�®c¸AÈ
¿jÕÕ�MÈeÈ

þ ¯�¾É¾J¯A³ é Õ þ ÕJÈ Ð ®X¾J»\¶.½x´EÇ ã ÕJÈjê�Ù&Ù��°È Ñ ¿	�H�cô��°È:Ú��
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þ ¯�Ç°õE¯ à Õ¥ bÕJÈ� j¯A¯Gû	ÕJÈj�´EÇ>´eõ�´ß�ÕÊ�XÕJÈ Ð ®XÅ1½x´eÂ>¹XõM¹°³.» Î Õ¥ bÕJÈ¹0>¹�âÅ1õ�´,äá´ à Õ¥fGÕJÈ ê�Ù&ÚEôMÈ Ñ ¸»\½xÅÉÌ B ´e¸�´
´EÇ>º ç ¹>ÌA¾(Õ B ´e¸�´·	´eÂ>¾J¯�¶�ô���È�ê

þ ¹X´EÇ°ÃÒ�°Õ þ ÕJÈ æ ¹�^UÕ Ð ÕJÈ Ð ¹ þ ÕÊ�°ÕJÈ>¯A¸�´E¾(ÕJÈ�ê�Ù&Ù%�MÈ Ñ k Ñ ÷Òê�÷MÈ�ê�÷
þ ¹X¾J¸�½x´EÇ£�XÕJÈ>ûb®X´e³�´E¶µMÇ Ñ ÕJÈ�ê�Ù&Ù&ÙMÈ Ñ k Ñ ÷�����È%�.�&Ù
ã .A»E¸»,Æ1Ç�Õ ã ÕJÈd �ÅJ¿�»,ÆE¯A¸5.AõMµßö¬Õ Ñ ÕJÈ æ ¹>¶¯AÆ�´ ç Õ æ ÕJÈS¯A¸�´E¾(ÕJÈ�ê�Ù&ÙeëÒÈ ç ´e¸�¹°³.¯¬÷��c÷MÈkôE÷&Ú
�E»EÃ é ÕÊ�°ÕJÈjê�Ù&ÙeÈMÈ à ¹X¾1¾(Õ Ñ ¶¸³�Õ Ð »ÒÌeÕ ã ÇXºXÅ1´GôE÷MÈ�ê�÷
�E»\¶�¯A¿>® Î Õ B ÕJÈ 
 ¯�ÅJõÒ¾J¯�íýÕ7û�Õ Ð ÕJÈ Î »EÂ�¯A³�¸�¶�»\Ç ç Õ Ñ ÕJÈ>íè³.Å1Ã\®c¸ æ Õ Ð ÕJÈ�ê�Ù&Ú��°È 
Úç�Î�Ñ�Ð ôeë�ÙMÈ�êEêEê
�\¹>Ç°»E³lí ÕJÈ à Å1³�¯A¸¸�´Ò�°Õ Ñ ÕJÈd �ÅJÆMÅ1» 
 ÕJÈ�ê�Ù&Ù&ÙMÈ ç ´e¸�¹X³�¯��\ë°êeÈ:Ú&ÙÒê
fn´E´E¶¸³�´j�XÕ Ð ÕJÈ 
 ¯Aäá¯ Î ÕJÈ ç ÅJ¯�¹�äá¯�ÇX®�¹>Å ân.A¯�Ç þ ÕJÈ6ê�Ù&Ù%�MÈXÅ1ÇNÖ�¸+vzw	x�ã�¾|ynve°H´eÞÕ}¶¬É�Xyn�z¨U¬Å�²Þ	°��nµ!§R¨²�Xy5�z¾
Þ	uM°�¨«�¬Åvz®�vzw	x�ä�vMÙÅ�zynv����zy°H»,®/v�¨ª�v�¨4ÈM¯�º>¶AÕMfGÕeÇb´E½·´E¶�®XÅJ¸�´ÒÈÒ�Õ\íî´e¸�´EÇX´eÂ�¯EÈ � Ç>ÅJÆSÕ Ñ ÌA´Eº6Õ�û ³�¯�¶�¶�È
�»EõMµE»°È>¿jÕÕ�XêEê

f�¯A¯�¾bí Õ é ÕJÈ�ê�Ù&ÚeÈMÈ ÅÉÇl§R¨²�Xy5�ÞduM°�¨«�¬U¨h�nµH§�¬\�X«`Âz}�¼Fve®<v\½�«�}U¨1vzw©x�å,ÃÕvz¨«`¾·´	�·}[®À®/vzy�Ô!ÙXæ\}¶¬\�`¨4È"¯�º6Õ��XÕ Ð Õ

 Å1¾1¾1¯A³�È � ÇXÅ1ÆE¯A³.¶�ÅJ¸*µ Ð ÌAÅ1¯�ÇXÌQ¯ à »�»EõÒ¶AÈ 
 Å1¾1¾kö ´E¾1¾J¯AµEÈ>¿jÕjê

f�¯�ÇXÇ>Å1ÌA¹°¸¸ Î Õ é ÕJÈ�ê�Ù&Ù&ÚMÈ Ñ�Î�Ñ k Ñ ÷%�MÈ�ê�Ú&Ù
fÒg»E¿X¿�¯�Ç£�XÕJÈX�®°¯�Å1¶ é ®jÕJÈ þ ¯�ÇX¶.¾J¯A³ æ ÕJÈ�ê�Ù&ÙeÈMÈ Ñ k Ñ ô&Ù%�MÈoÙ&Ù
fÒg»E¿X¿�¯�Ç£�XÕJÈX�®°¯�Å1¶ é ®jÕJÈ þ ¯�ÇX¶.¾J¯A³ æ ÕJÈ�ê�Ù&Ù&ÚMÈ Ñ k Ñ ÷E÷ÒêeÈ¹ÈEô��
f�»M» B Õ é ÕJÈ æ ¹Z.�½x´EÇ Î ÕJÈ	0X´eÂ�¯A³ Ð Õ 
 ÕJÈX¯A¸�´E¾(ÕJÈ�ê�Ù&ÙeÈMÈ Ñ ¿©�r�e�\ëÒÈ	 Q�3Ù
f�»E³.½x¯�ÇXº°µ��XÕJÈ Î ÅÉÌ.®X¶¸»\ÇX¯ B ÕJÈ�ê�Ù&ÙeÈMÈ Ñ�Î�Ñ k Ñ ÷E÷MÈ©È&ÚÒê
fhg¹X®>ÇX®°»\¾/. Ð ÕJÈjê�Ù&Ù&ÚMÈ B Å1¿>¾J»\½x´U¸�®°¯�¶�ÅÉ¶AÈ � Ç>ÅJÆE¯A³.¶�ÅJ¸*µØ»E¼�fnÅJ¯�¾$È æ ¯A³.½x´EÇ�µ
fn¹XÇ�¸�® B ÕJÈ 
 ´e¸¸¯�¹XÌAÌAÅQ0áÕJÈ 
 ´e³.ÌQ»\ÇXÅ æ ÕJÈ�ê�Ù&ÙeÈMÈ Ñ k Ñ ô&Ù���ÈY�E÷��
 j¯�®>Ç°¯A³�¸ 
 Õ B ÕJÈ þ ¯�Ì.õM½·´EÇÔ�Õ 
 ÕJÈXíè¯�´�ÆE¯A³RfGÕ Ñ ÕJÈ�ê�Ù&Ù&ÙMÈ Ñ ¿	��ÈEôE÷MÈ©È��zÈ
 j¯�Å1¸�®°¯A³�¯A³ é ÕJÈjê�Ù&Ù��°È Î ¯AÆkÕ 
 »Mº6Õ Ñ ¶¸³,Õ ��ÈP�e÷
 �ÅÉ¾1¾Jµ Ð ÕÊ�XÕJÈ é »,ähÅJ¯�  Õ¥ bÕJÈ æ ´e³.º°¯�ÇX¯A³��°Õ7û	ÕJÈ�ê�Ù&ÙÒêeÈ Ñ ¿©�x÷%�&ÙMÈ��Ù
 j»\Ç>¶�ºX´E¾J¯ é ÕÊ�XÕJÈXû	¯A³.¶�¶»\Ç Ð Õ¥D�ÕJÈ 
 ´e¸¸�®°¯Aä�¶�fGÕJÈjê�Ù&Ú��°È Ñ ¿	�Øô&Ú���ÈSÙeÈ
 �¹X¸5. B ÕJÈ æ ¯�ÇÕ.A¯�¾ Î ÕJÈ Ð ¸¯A³.Ç�Â�¯A³�Ã Ñ ÕJÈX¯A¸�´E¾(ÕJÈjê�Ù&Ù%�MÈ Ñ k Ñ ÷Òê\ÈMÈ© bê�÷��

 ´EÌj �»,ä 
 Õ ² 
 ÕJÈ�ôeëEëEëÒÈjÅ1Ç?§�¨U�Xyn�²ÞduM°�¨«�¬Åvz®�»,®/v�¨ª�v�¨[ç£s¦�\xM}U¨ÅèqéË�\x=}U®â¨Åè!vzw	x�Ô!Ù²¨[}[yÂzve�X«��zwÕ¨�È�¯�ºX¶�Õ
�XÕ Ñ ³�¸�®M¹°³�È ç Õ à ³�Å1Ì�õÒ®°»\¹X¶¯EÈJ�°Õ©0°³.´EÇXÌQ»°È Î ¯AÆSÕ 
 ¯QÄ�Õ Ñ ¶¸³�»\ÇjÕ Ñ ¶¸³�»z2S¶�Õ é »\Ç°¼<Õ Ð ¯A³�Õ>öm»\¾(ÕoÙMÈ�¿jÕ
ô��e÷


 ´EÌ� j»�ä 
 Õ ² 
 ÕJÈ 
 Ì é ³�´�µ Î ÕJÈ�ê�Ù&Ú&ÚMÈ Ñ ¿	�x÷Eô��°È����.�

 ´e³.ÌQ»\ÇXÅ æ ÕJÈ 
 ´e¸¸¯�¹XÌAÌAÅ�0áÕJÈ>�»\¶�Å 
 ÕJÈ�ê�Ù&Ù��°È 
Úç�Î�Ñ�Ð ô���ëÒÈk÷eÈ

 ´e³�¸�Å1Ç é Õ¥ bÕJÈZf�¯�ÇXÇXÅÉÌA¹°¸¸ Î Õ é ÕJÈjê�Ù&ÙeÈMÈ Ñ ¿	�H�e����È�ê��Mê

 ´e³�¸�Å1Ç°¯A¸! bÕJÈZ0°³.ÅJ¯�º>¾1Å B ÕJÈ	ê�Ù&Ù���È Ñ k Ñ ÷EôE÷MÈk÷%�E÷

 ´e¸�®°¯Aä�¶�íýÕ æ ÕJÈ	ê�Ù&Ú&ÙMÈ Ñ �vÙ���Èd�cô

 ´e¸¸¯�¹XÌAÌAÅV0áÕJÈ>�»\¶�Å 
 ÕJÈ�ê�Ù&ÚeÈMÈ 
×ç�Î�Ñ�Ð ôÒê���È�÷&ÙÒê

 Ì é ´E½x½G»\Ç B ÕJÈ Ð ´EÇXº°¯A³.¶:íýÕ7�ÕJÈ�ê�Ù&ÙeëÒÈ Ñ�Î�Ñ k Ñ ô&ÚMÈ �eÈ��

 ¯AäÁ¯ Î ÕJÈZ j¯�½x¯�Çt�°Õ Î ÕJÈXÆ�´EÇÔº°¯�Ç Ï »E³.º æ Õ þ ÕÊ�XÕJÈ�ê�Ù&Ú%�MÈ Ñ k Ñ�Ð �eÈMÈ©ÈÒêEê

 Å1®°»\¶!�XÕ é ÕJÈ þ ¯A³�ÇZ>�¹>Å1¶¸'  ÕJÈ�ê�Ù&Ù��\´ÒÈ Ñ ¿	�H�côeÈMÈ	 Áê�÷

 Å1®°»\¶!�XÕ é ÕJÈ þ ¯A³�ÇZ>�¹>Å1¶¸'  ÕJÈ�ê�Ù&Ù��EÂ�È Ñ ¿	�H�c÷ÒêeÈ	 �Ù

 Å1®°»\¶!�XÕ é ÕJÈ þ ¯A³�ÇZ>�¹>Å1¶¸'  ÕJÈ�ê�Ù&Ù%�MÈ Ñ ¿©�r�C���°È ���Xê

 Å1¾1¾J¯A³ à Õ í ÕJÈSít®>ÅJ¸�½G»E³�¯ à Õ é ÕJÈ Ð Ì.®�äÁ¯�Å/.A¯A³�0áÕJÈd0X´E¾1¾ Ð Õ 
 ÕJÈ�ê�Ù&Ù���È Ñ � êEêU�°ÈkôE÷&ÚÒê

 ÅJ³.´eÂ�¯�¾ ã Õ¥0áÕJÈ B »E¸¸»E³.Å þ ÕJÈ	 �¹°¸5. B ÕJÈ�ê�Ù&ÙEôMÈ Ñ k Ñ ôeÈ%�MÈ© bê�Ù

 »E³.´EÇtD�Õ é ÕJÈZ j¯�®XÇX¯A³�¸ 
 Õ B ÕJÈ þ ¯�¾J¼g´EÇXº B ÕÊ�°ÕJÈ	ê�Ù&Ù&ÙMÈ Ñ ¿	�ÒÈEô%�MÈY���3Ù

 »E³�³.Å1¶»\Ç Î ÕJÈ 
 Ì é ´E½x½G»\Ç B ÕJÈ�ê�Ù&ÚE÷MÈ Ñ ¿	�·ô���ëÒÈ	êEê�Ù

 ¹X¾1Ì.®>´e¯Aµ?�XÕ Ð ÕJÈ é »\¾JÂ�¯A³�¸RD�ÕJÈ�í�Å1¾1¶»\Ç Ñ Õ Ð ÕJÈ 
 ¹X¶�®°»E¸5.AõMµ Î Õ¥0áÕJÈ�íè¯�´,ÆE¯A³jfxÕ Ñ ÕJÈáê�Ù&ÙE÷MÈ Ñ ¿	�h�XêU�°È

êU�e�
ç ´eÃ\´E¶¯�0áÕJÈ�ê�Ù&Ú&ÙMÈ�û ÑYÐ ���XêeÈ�ê
ç ¯A¸5.A¯A³ þ ÕJÈ�ê�Ù&ÙeëÒÈ�Å1Ç�§�¬\�X«`Âz}�¼Fvz®/v�¬É�X«X¬3{�ÃZ¬[®i}U«ÀÈ°¯�ºX¶AÕ>nÕÊ�°Õ ²·  Õ é »\¹°³�ÆE»\ÅÉ¶�ÅJ¯A³�È 
 Õ 
 ´�µE»E³�È Ð ¿X³.ÅÉÇ°ÃE¯A³²

öm¯A³�¾1´eÃ°È à ¯A³.¾1ÅÉÇ6ÈÒ¿jÕdÈ��
ç ¯A¸5.A¯A³ þ ÕJÈ�ê�Ù&ÙE÷MÈ Ñ ¿	���XêEêeÈ©È&Ù��



êAë4� ÐOY|Ð,PQY[*�Ñ'�!����Ò 

ç »EÃ\¹>Ì.®XÅ 
 ÕJÈ�ê�Ù&Ú&ÚMÈ Ñ k Ñ ôeë\÷MÈ�ôeÈ&Ù
ç »E³�½x´EÇ é ÕJÈ ã õE¯�¹XÌ.®>Å Ð ÕJÈjê�Ù&Ú&ÙMÈ Ñ ¿	�Ø÷��MÈMÈk÷��eô
ç »E³�½x´EÇ é ÕJÈ Ð ÌQ»�ÆMÅÉ¾1¾J¯ ç ÕJÈ�ê�Ù&Ú&ÚMÈ Ñ ¿	�°È>÷E÷EôMÈ	ê�ô��
Ï ¶¸³.Å1õE¯A³!�°Õ7û	ÕJÈ é »�ä�ÅJ¯3 bÕ¥  ÕJÈjê�Ù&ÚÒêeÈ Ñ ¿	�·ô��c÷MÈ	 bê�ô��
û"´e¿>´Eº°¯A³�»\¶hû�ÕJÈ	 j»M»\¶¯ þ Õ ² þ ÕJÈ>�®�¹X´EÇÔ�Õ ±¬ÕJÈ	0°³.Å1Ì.õE¯3fGÕÊ�°ÕJÈ�ê�Ù&Ù%�MÈ Ñ k ÑYÐ ê�ôeëÒÈkôeë0�
ûH¢¯A³�¯[.Q² Ï ¾1¯�´ B Õ¥D�ÕJÈ é »\¾1Å1ÇX´H  ÕJÈ�ê�Ù&Ù%�MÈ Ñ ¿	�r�C�&ÚMÈ	ê�ÙÒê
û	¯A³�³�µÝ�°ÕÊ�°ÕJÈYê�Ù&ÙEôMÈ�Å1ÇNÓF}[®<v��X«X�zwZ¨ÅuM«ÊÞd¨TÙ}[�X~q}}UwÍv�¬\�X«`Âz}�à=vz®<vM¬\�X«�¬twdÃÕ¬\®/}[«3vzw	xË¨²��vzy\ÙUÃCy¨²�RàMve®<v\½�«�}U¨�È

Ñ�Ð û é »\Ç°¼*Õ Ð ¯A³�Õ°öm»\¾(ÕS÷ÒêeÈX¯�ºjÕ Ñ Õ öUÕd0"Å1¾1Å1¿X¿�¯�Ç°õE»°È�¿�Õjê��&Ù
û	¯A³.¶�Å1Ì 
 ÕJÈ 
 ´e³.Å1´EÇXÅ Ð ÕJÈ é ´e¿X¿>Å 
 ÕJÈX¯A¸�´E¾(ÕJÈ�ê�Ù&Ù&ÚMÈ Ñ k Ñ ô�����È	�cô
ûb®XÅÉ¾1¾1ÅJ¿>¶ 
 Õ 
 ÕJÈ©�\¯�Ç°õÒÅ1ÇX¶ é Õ Î ÕJÈ B »E¿SÅJ¸�´ 
 Õ Ñ ÕJÈ>¯A¸h´E¾(ÕJÈ�ê�Ù&Ú%�MÈ Ñ �vÙÒêeÈ	êAë4�Eô
ûbÅJ¯A¸�¶.Ì.®ìíýÕJÈXöm»EÃ\¾J¯A³ Ñ ÕJÈdfå¾J¯�Å1Ç � ÕJÈ©G�Å1ÇXÇX¯�Ì�õE¯A³ þ ÕJÈSôeëEëEëÒÈ Ñ k Ñ ÷%�eëÒÈSô��
ûbÅJ¯A¸5.3�XÕJÈdf�¯A³�¿t�XÕJÈdfn´E¾JÂ�¯A³.¾É´¬û	Õ 
 Õ í ÕJÈk¯A¸�´E¾(ÕJÈjê�Ù&Ù&ÚMÈ Ñ k Ñ ÷E÷EôMÈ¹ÈeÈ
ûbÅ1¾1µM¹°Ã\ÅÉÇ� bÕ Ð ÕJÈjê�Ù&ÙEôMÈ Ñ k Ñ ô%�eëÒÈ©È&Ú
ûbÅ1ÇX¯A³ à Õ æ ÕJÈ Ð ¸»\Ç°¯��XÕ 
 ÕJÈS�¯�¹°Â�¯�Çìû	ÕÊ�°ÕJÈ�ê�Ù&ÙeÈMÈ Ñ ¿	�H�e�3ÙMÈ¹Èeë�Ú
û	»E¿k»�Æ Ð Õ à ÕJÈd �ÅJ¿S¹XÇ°»,ÆØö¬Õ 
 ÕJÈ>ûb³�»EõM®X»E³�»,Æ 
 Õ¥D�ÕJÈ>û	»\¶¸�Ç°»�Æ£fGÕ Ñ ÕJÈ�ê�Ù&Ù&ÚMÈ Ñ ¶¸³�»\Ç6Õ Î ¯A¿jÕÕ�côMÈSô&Ù
û ¸�´eõ Ñ ÕJÈ Ð ¯A³.¾J¯�½·ÅJ¸�¶»\¶lû	ÕJÈÕÇb´e>�»�»EÂÚ�ÕJÈ 
 ¹X¶�®°»E¸5.AõMµ Î ÕJÈ>�¶�¹X³.¹ß�ÕJÈ�ê�Ù&Ù���È Ñ � êEê�÷MÈ	ê�ô&Ú%�
û ¸�´eõ Ñ ÕJÈ Ð ¯A³.¾J¯�½·ÅJ¸�¶»\¶lû	ÕJÈÕÇb´e>�»�»EÂÚ�ÕJÈ 
 ¹X¶�®°»E¸5.AõMµ Î ÕJÈ�ê�Ù&Ù&ÙMÈ Ñ ¿	� Ð ê�ôeëÒÈ�ê��Ù
Î ´,µM½G»\Ç>ºt�°Õ é ÕJÈ Ð ½xÅJ¸�® à Õ í ÕJÈ	ê�Ù�����È Ñ ¿	� Ð ÷eÈMÈZ�Xê�Ù
Î ¯A¯AÆE¯�¶��°Õ ç ÕJÈ>�¹X³.Ç°¯A³ 
 ÕÊ�°Õ¥  ÕJÈ�ôeëEëEëÒÈ 
ÚçhÎhÑYÐ ÷Òê��MÈkôE÷��
Î ¯AµÒÇ°»\¾1ºX¶ Ð Õ7û�ÕJÈ�ê�Ù&Ù&ÚMÈ Ñ ¿	�r�3ÙE÷MÈ�÷��zÈ
Î »EÂ�¯A³�¸�¶líýÕ íýÕJÈ©�E³,ÕJÈ Ð ¸¯Aäá´e³.¸ æ Õ Î ÕJÈ�ê�Ù&Ú���È Ñ ¿	�x÷ÒêU�°È	êAë
Î�ÏnÐÒÑ  Ñ�Ï ²*ôMÈXê�Ù&ÙÒêeÈ=Ó�ÔO´C§�¿�¾Os¦ve®À®Uµ[�zy¦»'yn�²ÞC��¨Uve®Ê¨4È��¯�Ì.®XÇXÅÉÌA´E¾ Ñ ¿X¿�¯�ÇXºXÅ&Ä�ä�ÅJ¸�®å¸�®°¯ Î »\¶�´e¸ 
 Å1¶�²

¶�Å1»\Ç B ¯�¶�ÌQ³.ÅJ¿>¸�ÅJ»\Ç Ñ�Ï ²*ôMÈ 
 ´�ÄM²9ûb¾1´EÇXÌ.õc² ã ÇX¶¸�Å1¸�¹°¸Á¼²g¹°³áûb®�µM¶�Å1õx¹XÇXº Ñ ¶¸³�»E¿>®�µÒ¶�ÅJõkÈ 
 ´�Ä�²9ûÁ¾1´EÇXÌ.õc²
ã ÇX¶¸�ÅJ¸�¹X¸á¼²g¹°³�¯QÄÒ¸³.´e¸¯A³�³.¯�¶¸³.Å1¶�Ì�®°¯åûÁ®cµÒ¶�ÅJõkÈ æ ´e³.Ì.®>Å1Ç°Ã°È æ ¯A³�½x´EÇcµ

Ð ´EÇXº°¯A³�¶ B Õ à ÕJÈ 
 ÅJ³�´eÂk¯�¾ ã Õ¥0áÕJÈ�ê�Ù&Ù%�MÈ Ñ�Î�Ñ k Ñ ÷��°ÈP�±�3Ù
Ð ´EÇXº°¯A³�¶ B Õ à ÕJÈ Ð »\ÅJ¼À¯A³ à Õ7nÕJÈdDb¾1ÅÉ´E¶F�°Õ þ ÕJÈX¯A¸�´E¾(ÕJÈ�ê�Ù&Ú&ÚMÈ Ñ ¿©�·÷EôeÈMÈ��±�
Ð Ì.®>Å1´EÇ°» Ñ ÕJÈ�ê�Ù&ÚeÈMÈ Ñ ¿	�·ô&Ù&ÙMÈ�ô��
Ð ®X´e¿>Å1³�» Ð ÕJÈ>�¯�¹XõE»\¾1¶õMµ Ð Õ Ñ ÕJÈ�ê�Ù&ÚeÈMÈ Ñ ¿	�Øô&ÙEôMÈ	 Q�Xê
Ð õÒÅ1¾1¾1½x´EÇ�D�Õ B ÕJÈdfn¯�ÇXÇXÅ1ÌA¹°¸¸ Î Õ é ÕJÈ þ »Mº°ÃE¯¬û�Õ íýÕJÈ�ê�Ù&Ú&ÙMÈ Ñ ¿©�·÷�����È:Ú��zÈ
Ð ¾1´EÇ°¯�û	ÕJÈ æ ´e¯�Ç>¶�¾J¯A³ à Õ 
 ÕJÈ B ´E½G¯¬nÕ 
 ÕJÈX¯A¸h´E¾(ÕJÈjê�Ù&Ù&ÙMÈ Ñ ¿	��ÈEôeÈMÈ�÷eÈ��
Ð ½xÅJ¸�® à ÕÊ�°ÕJÈ�ôeëEëEëÒÈ Ñ ¿	�ÒÈ��XêeÈY�Eô��
Ð ½xÅJ¸�® Î Õ¥fxÕJÈ à ³.ÅÉÌ�õÒ®°»\¹X¶¯ ç Õ Ð ÕJÈ>ôeëEëEëÒÈ>Å1Çh§�¨U�Xyn�Þ	uM°�¨«�¬Åvz®J»,®/v�¨ª�v�¨[çrs¦�\xM}²¨è�éË�ÉxM}U®â¨Åèqvzw©xtÔ!ÙU¨[}Uy²¾
Âzve�X«X�ewÕ¨�Èm¯�ºX¶�Õ��°Õ Ñ ³�¸�®M¹°³�È ç Õ à ³.Å1Ì.õM®°»\¹>¶¯EÈ��°ÕV0X³.´EÇXÌQ»°È Î ¯AÆkÕ 
 ¯QÄ�Õ Ñ ¶¸³�»\Ç6Õ Ñ ¶�¸³�»z2S¶AÕ é »\Ç°¼*Õ
Ð ¯A³,Õ°öm»\¾(ÕSÙMÈX¿jÕjê�÷��

Ð Ç°»�ä�º°¯�Ç Ð Õ¥ bÕJÈSê�Ù&Ù&ÚMÈ°Å1Ç�¿QuC}FäQ�\¬Åve®ÕÛ!ÃdÙÉÙ[®/}�vzw©x�Û�}[°��zw	xeÈÒû ³�»ÒÌQ¯A¯�ºXÅ1ÇXÃ\¶m»E¼�¸�®°¯ ã�Ñ'��é »\¾1¾J»C>�¹XÅÉ¹X½
ç »°Õmê��%�MÈ6¯�ºX¶AÕ B Õ à ³�¯�ÅJ¸�¶.Ì.®�äÁ¯A³.ºX¸AÈ 
 ÕÊ�°ÕJ0°³.¯Aµ�Â�¯A³�Ã°È��°Õ��³eg¹X½G¿�¯A³�È© j¯�ÌQ¸�¹°³�¯ ç »E¸¯�¶�Å1Ç×ûÁ®cµÒ¶�Å1ÌA¶
Èeë4�MÈS¿jÕjêAë\÷

Ð »\ÅJ¼À¯A³ à Õ7�ÕJÈ þ »\¹XÌ�õ£�°Õ Î ÕJÈ ç ¯�¹°ÃE¯AÂ>´E¹°¯A³ æ ÕJÈ�ê�Ù&Ú���È Ñ�Î�Ñ k Ñ ôeÈMÈ�ê�Ú��
Ð ¸¯�Å1º°¯�¾ é ÕJÈ æ Å1´�Æe´E¾1Å1¶.ÌQ» 
 ÕJÈSû�¯A¸¸�ÅÉÇXÅ 
 ÕJÈ B Å1Ì�õÒÅ1ÇX¶»\Ç 
 ÕJÈ Ñ º°¯�¾JÂ�¯A³�ÃE¯A³FfGÕJÈ�ê�Ù&Ù%�MÈ Ñ ¿	�r�C�EôMÈ© bê��
Ð ¸³.Å1Ì.õM¾É´EÇXº B Õ¥fxÕJÈSû	»\ÇX½x´EÇ nÕÊ�°ÕJÈ Ð ¸¯AÆE¯�ÇX¶ ã Õ Î ÕJÈ�ê�Ù&Ù&ÙMÈ Ñ k Ñ ÷EôeëÒÈk÷��Ú
Ð ¸�¹°³.½êD�ÕJÈZ �¹°¸5. B ÕJÈ æ ¯�ÇÕ.A¯�¾ Î ÕJÈ°¯A¸�´E¾(ÕJÈ�ê�Ù&Ù%�MÈ Ñ k Ñ ÷Òê\ÈMÈ© bê�÷E÷
Ð ¹XÌ�®°õE»,Æ Ñ Õ Ñ ÕJÈ à ´E¾1¶.´e³.´ B Õ Ð ÕJÈ þ ¯�Ì�õÒ½x´EÇÔnÕ 
 ÕJÈ© j¯�ÅJ¸�®°¯A³.¯A³ é ÕJÈ�ê�Ù&Ù��°È Ñ ¿	���c÷eëÒÈ©ÈÒêEê
�¯�¾1¯�¶�ÌQ» é Õ 
 ÕJÈ�ê�Ù&Ú&ÚMÈ Ñ�Î�Ñ k Ñ ÙEôMÈP�±�3Ù
�¯A³�¾J¯AÆMÅÉÌ.® Î ÕJÈkê�Ù&ÙeëÒÈ°Å1ÇÝëh«`w	x��e~�¨��zw�¼Fve®<v\½�«�}U¨�ÈM¯�ºX¶AÕ æ Õ=0X´eÂXÂSÅ1´EÇ°»°ÈA�XÕ Ð Õ æ ´E¾É¾1´eÃ\®°¯A³�È Ñ Õ Î ¯�ÇÕ.�Å1Ç>Å(È
fn¾É¹cäá¯A³ Ñ ÌA´EºX¯�½xÅ1ÌnûÁ¹°Â>¾1Å1¶.®°¯A³�È B »E³.ºX³�¯�Ì.®�¸AÈ>¿jÕ�Ú��

�¯A³�¾J¯AÆMÅÉÌ.® Î ÕJÈ 
 ¯�¾1Ç>Å1Ì�õh�°ÕJÈ�ê�Ù&ÚeÈMÈ 
×ç�Î�Ñ�Ð ôÒê�÷MÈoÚ��Xê
�¯A³�¾J¯AÆMÅÉÌ.® Î ÕJÈ��¯�Ç°»E³.ÅJ»e²9	´eÃ\¾J¯ æ ÕJÈ�0°³�´EÇXÌQ»��XÕJÈ à »,µÒ¾J¯ à ÕJÈ¬ê�Ù&Ù��°È�Å1ÇÌ¿QuC}£{�ve�XÃCy5}Ë�nµls¦�zª�ÞCvM¬\�

Ô!Ù�æ[}Å¬\�`¨R«Àwt§H¼�{R¨�È°¯�º>¶AÕ Ñ Õ Î »EÂ>Å1Ç>¶»\Ç6È Î ÕX�¯A³.¾J¯AÆÒÅ1Ì.®jÈ é ´E½åÂ>³.Å1º°ÃE¯ � ÇXÅJÆE¯A³.¶.ÅJ¸9µÜû ³�¯�¶�¶�È°¿jÕ>ôeë�Ù
�®°»\½G¿S¶»\Çh  Õ Ñ ÕJÈ æ ³�¯AÃE»E³.µ Ð Õ Ñ ÕJÈ�ê�Ù&ÙE÷MÈ Ñ �ÔêAë4�MÈkôÒê�Ù��



ÐOY|Ð,PQY[*�Ñ'�!����Ò êAë0�

�»\½xÅ1¶�´eõe´�fGÕJÈ ã õE¯�¹XÌ.®>Å Ð ÕJÈjê�Ù&Ú&ÚMÈ Ñ ¿	�Ø÷E÷eëÒÈv�&ÙeÈ
�¶�¹X³.¹ß�ÕJÈ þ ´�µ\´E¶�®XÅ ã ÕJÈ Ñ ä:´eõMÅ þ ÕJÈdfn»,µ\´E½x´�fGÕJÈXû ¸�´eõ Ñ ÕJÈ�ê�Ù&Ù���Èkû Ñ�Ð �r�3ÙMÈ �Òê�Ù
	¹°³.Ç°¯A³��ÕÊ�XÕJÈ æ ¯A»E³�ÃE¯ ã Õ 
 ÕJÈ 
 ¹X¶�®°»E¸5.AõMµ Î Õ¥0áÕJÈ�ê�Ù&ÙE÷MÈ Ñ ¿	���Xê�ôMÈ��eô
öm¯�Å1¾1¾1¯�¹ÒÄ Ð ÕJÈ à ¾1´EÇ>ºÒ² þ ´,ä�¸�®°»E³.Ç��°ÕJÈ é ¯�ÌAÅÉ¾ æ ÕJÈ>	¹X¾1¾Jµ Î Õ à ÕJÈ 
 Å1¾1¾J¯A³ Ð Õ7�ÕJÈjê�Ù&Ù&ÙMÈ Ñ ¿	�ÒÈEôeëÒÈ�êEêEê
öYÅ1¾1´�² é »\¶¸�´E¶ 
 Õ à ÕJÈ	DÁºX½U¹XÇXºX¶ 
 Õ æ ÕJÈ�ê�Ù&ÙEôMÈ 
×ç�Î�Ñ�Ð ôeÈ&ÙMÈ	ê�ôÒê
öm»EÃ\¾J¯A³ Ñ ÕJÈ>ûÁÅJ¯A¸�¶�Ì�®ìí ÕJÈ©fn´E®X´eÂXõe´Gû	ÕJÈ�ê�Ù&Ù%�MÈ Ñ k Ñ ÷eë�ÈMÈ��±�
íî´e¸�¶»\Ç 
 Õ æ ÕJÈXê�Ù&ÙeëÒÈcÅ1Ç+ëh«Àw©x��z~�¨F�zwt¼Fvz®/v\½e«�}²¨4ÈE¯�ºX¶AÕ æ Õ�0>´eÂXÂ>Å1´EÇ°»°Èe�°Õ Ð Õ æ ´E¾1¾É´eÃ\®°¯A³�È Ñ Õ Î ¯�ÇÕ.�ÅÉÇXÅ(È
få¾1¹cäá¯A³ Ñ ÌA´Eº°¯�½xÅ1Ì�ûÁ¹°Â>¾1ÅÉ¶�®°¯A³�È B »E³.º°³�¯�Ì�®c¸AÈX¿�Õjê����

íè¯�´�ÆE¯A³RfGÕ Ñ ÕJÈ þ ¯�Ì�õÒ½x´EÇÔnÕ 
 ÕJÈ B ´E®X¾1¯�½ 
 ÕJÈSôeëEëEëÒÈ Ñ ¿	�ÒÈE÷��°ÈY�&Ú��
íè¯�´�ÆE¯A³ Î ÕJÈ 
 Ì é ³.´,µ Î ÕJÈ é ´E¶¸»E³��°ÕJÈ Ð ®X´e¿SÅJ³�»×û	ÕJÈ 
 »�»E³.¯ Î ÕJÈ�ê�Ù�����È Ñ ¿	�èôÒê�ÚMÈÁ÷����=@:¯A³�³.´e¸�¹>½

Ñ ¿	�ØôEôeëÒÈ��±�cô
íè¯A¯�ºX½x´EÇ B Õ í ÕJÈ	ê�Ù&ÚE÷MÈ Ñ ¿	�·ô%�%�MÈ	���Ù
íè¯A¯�ºX½x´EÇ B Õ í ÕJÈ©0°¯�¾1ºX½x´EÇt0ÁÕ Î ÕJÈ à ´E¾/.�´EÇ°»Øö¬Õ Ñ ÕJÈX¯A¸�´E¾(ÕJÈ�ê�Ù&ÚÒêeÈ Ñ ¿	�·ô��3ÚMÈ	êAë�È
í�®XÅJ¸¯ Î Õ¥D�ÕJÈ ã�ã�ã È6ê�Ù&ÙeëÒÈ Ñ ¿	�x÷%����ÈY�&Ù
í�ÅJõM¾ÉÅ1ÇXºÜ�ÕJÈ é »\½¬Â�¯�¶F0áÕJÈ þ ¯�ÇXõE¯�¾ é ÕJÈjê�Ù&ÙeÈMÈ Ñ k Ñ ô&Ù���ÈY���c÷
í�Å1¾1¾1Å1´E½·¶ Î ÕÊ�°Õ Î ÕJÈ à ´eõE¯A³ Ñ Õ é ÕJÈ>û	¯A³�³�µh�°ÕÊ�XÕJÈ�ê�Ù&Ù&ÙMÈ 
ÚçhÎhÑYÐ ÷ÒêAëÒÈ:ÙÒê�÷
íè»\¾J¸Àâ¯A³!  ÕJÈ6ê�Ù&ÙeëÒÈ>ÅÉÇh§�¬\�X«`Âz}Ò¼Fvz®/v�¬\�X«�¬R{RÃZ¬\®/}[«üÈÒ¯�ºX¶AÕÒ�ÕÊ�XÕ ²·  Õ é »\¹°³.ÆE»\Å1¶�ÅJ¯A³�È 
 Õ 
 ´�µE»E³,È Ð ¿X³.ÅÉÇ°ÃE¯A³²

öm¯A³�¾1´eÃ°È à ¯A³.¾1ÅÉÇ6ÈÒ¿jÕjê
íè»M»\¶�¾J¯Aµ Ð Õ¥D�ÕJÈYíè¯�´,ÆE¯A³Ú�Õ Ñ Õåê�Ù&Ú%�MÈåÅÉÇìÓ'v�xz«�ve�X«��zwìØR°�xzy5�\xz°zw	vzªH«�¬U¨�«`w¡´	��vzy¨Ëvew	x¡s¦�eª!ÞÕv�¬\�

Ô!Ù�æ[}Å¬\�`¨4È�û ³.»MÌQ¯A¯�ºXÅÉÇ°Ã\¶�»E¼l¸�®°¯ ã�Ñ'�vé »\¾1¾J»C>M¹XÅ1¹X½ ç »°Õ�Ú&ÙMÈ�¯�º>¶AÕ B Õ 
 Å1®X´E¾1´E¶�ÈQfGÕ þ Õ�í�Å1Ç°õÒ¾J¯A³�È
¿�Õ�ÙÒê

Ç »E³�õ B Õ æ ÕJÈ B »E¿>Å1¸�´ 
 ÕJÈ æ ³�¯A¯�Ç Î ÕJÈ à ¯�Ì.®�¸»\¾1º��XÕJÈ�ê�Ù&Ú%�MÈ Ñ ¿	�·÷ÒêEêeÈY�ÒêAë
G�Å1½·½G¯A³.½x´EÇXÇ þ Õ � ÕJÈ à ¯�Ì.õE¯A³�í ÕJÈ à ¯�¾1¾J»\ÇXÅ��ÕJÈ>¯A¸Y´E¾(ÕJÈ�ê�Ù&Ù���ÈVÁ�ãR´Õ§�´ÜÖV¨[}UyÕ× ¨�¼,ÃC«XxM}AÈ	DÁºXÅJ¸�ÅJ»\Ç�ÈMÈ

 û�D Î ¯A¿�»E³�¸AÈ æ ´e³.Ì.®XÅÉÇ°Ã





í ©��Hîn�S©'ï��G�Hï
G�¹UÃ\¹°¸¯A³� �¯A¸5.A¸ ½tg»\Ì.®�¸¯�Å1Ì�®G´E¾1¾Òº°¯�Ç�â¯�ÇXÅJÃE¯�Ç�û	¯A³.¶»\Ç°¯�ÇGº>´EÇ°õE¯�Ç6ÈcºXÅ1¯Á¯�Å1ÇX¯�Ç à ¯�ÅJ¸³�´eÃnºX´z.�¹GÃE¯�¾J¯�Å1¶�¸¯A¸
®X´eÂ�¯�Ç6È°ºXÅJ¯�¶�¯ Ñ ³�Â�¯�ÅJ¸,.�¹ì¯A³�¶¸¯�¾1¾J¯�Ç6Õ

ã Ì.®èºX´EÇXõE¯�½x¯�Å1Ç°¯�½ B »Eõ�¸»E³�Æe´e¸¯A³¬ûb³�»E¼<Õ B ³,Õ æ ¯A³.®X´e³�º þ ¯�ÇX¶�¾1¯A³�¼²g¹°³YºXÅJ¯�¶¯�®°³�½G»E¸�ÅJÆÒÅJ¯A³�¯�Ç>º°¯
¹XÇXºÞ´EÇ°ÃE¯�Ç°¯�®>½G¯ à ¯A¸³�¯�¹X¹XÇ°Ãè¹XÇ>ºÛºXÅ1¯ 
 g»EÃ\¾1Å1Ì�®°õE¯�ÅJ¸AÈbí�Å1¶�¶�¯�ÇX¶�Ì.®>´e¼ü¸G´E¹°¼�º°¯�½�¼À´E¶5.�ÅÉÇXÅJ¯A³�¯�ÇXº>¶¸¯�Ç
´E¾1¾J¯A³F0X»E³.¶�Ì.®M¹XÇ°Ã\¶�ÃE¯AÂ>ÅJ¯A¸¯EÈSºX¯A³ Ñ ¶�¸³�»\Ç°»\½xÅJ¯EÈ>Âk¯A¸³.¯�ÅJÂ�¯�Ç�.�¹ õ¹g»\ÇXÇX¯�Ç6Õ

íè¯�ÅJ¸¯A³�®XÅ1ÇîÃ\ÅÉ¾J¸n½G¯�Å1Ç B ´EÇ°õ ç »E³�Â�¯A³�¸��c¹XÇ°õE¯�¶AÈ B »\½xÅ1ÇXÅ1õ à »\½x´EÇX¶U¹XÇXº Ñ ¾J¯�¶�¶.´EÇXº°³�» à »\¶¯�¾1¾ÉÅ
¼g¹°³�º>ÅJ¯¬¼À³.¹XÌ�®c¸ÂS´e³�¯rG6¹X¶�´E½x½G¯�Ç>´e³�Â�¯�ÅJ¸�¹XÇXº×¿X³�»ÒºX¹°õM¸�ÅJÆE¯ Ñ ¹°¼À¯�Ç�¸�®X´E¾J¸¯�Å1Ç à »\ÇXÇjÈkÂd.AänÕ à »MÌ�®�¹X½ È
º°¯A³�¯�Ç Î ¯�¶�¹X¾1¸�´e¸¯�¯�Å1Ç°¯�Çìäá¯�¶¯�Ç�¸�¾1Å1Ì.®X¯�Ç �¯�ÅÉ¾6º°¯A³�ÆE»E³.¾1Å1¯AÃE¯�ÇXº°¯�Ç B Å1¶�¶�¯A³�¸�´e¸�ÅJ»\Ç ´E¹X¶.½x´EÌ.®°¯�ÇjÕ

í�Å1Ì.®�¸�ÅJÃE¯�Ç Ñ Ç�¸¯�Å1¾Ò´E½ æ ¯�¾1Å1ÇXÃE¯�ÇUºX¯A³ Ñ ³�Â�¯�ÅJ¸"®X´e¸¸¯�ÇG¯AÂ�¯�ÇX¶�»Yº>ÅJ¯ 
 ÅJ¸�´e³�Â�¯�ÅJ¸¯A³�Å1ÇXÇ°¯�Ç¬¹XÇXº 
 Å1¸�²
´e³�Â�¯�ÅJ¸¯A³Yº°¯�¶ ã ÇX¶�¸�ÅJ¸�¹°¸�¶�¼²g¹°³Y�®°¯A»E³�¯A¸�ÅÉ¶�Ì.®°¯Uûb®�µM¶.ÅJõ ¹XÇXº Ñ ¶¸³.»E¿>®cµÒ¶�ÅJõkÈSº>ÅJ¯¬¶¯�¾1Â>¶¸�¯�Å1ÇX¯�Ç à ´Eº°¯�Ç°¯A³
¶¯�®°³Y®°¯A³¶.�¾ÉÅ1Ì.®Ú´E¹°¼ÀÃE¯�Ç°»\½x½G¯�ÇÚ¹XÇXº×¼g¹X³�¯�Å1Ç°¯U¸»\¾1¾J¯ Ñ ³.Âk¯�Å1¸�¶�´e¸�½G»\¶¿>®Vg´e³�¯åÃE¯�¶»E³.ÃE¸Y®>´eÂk¯�ÇjÕ þ ÅJ¯A³�Â�¯�Å
½tg»\Ì�®c¸¯lÅ1Ì�®¬½xÅÉÌ.®nÂ�¯�¶»\Ç>º°¯A³.¶jÂ�¯�Å=0°³.´E¹ ã Ç°ÃE³�Å1º Ð Ì�®X½xÅ1º°¸�Âk¯�º>´EÇ°õE¯�Ç6ÈEº°¯A³�¯�Çå»eÝk¯�Ç°¯:¹XÇXºå¼ü³.¯�¹XÇXºX¾1ÅÉÌ.®°¯
Ñ ³�¸�¹XÇXºì¶�¸¯A¸¯ þ Å1¾J¼g¶Â�¯A³�¯�ÅJ¸�¶�Ì�®X´e¼ü¸l¶¯�®X³�äá»\®X¾J¸�¹°¯�ÇXºßä:´e³�ÕOD Â�¯�ÇX¶»x¶¯�Å1¯�ÇÔ¹XÇX¶�¯A³�¯ Ð µÒ¶¸¯�½x½x´EÇX´eÃE¯A³
æ g¹XÇ�¸¯A³��\»\ÇX´E¶ ¹XÇXº þ »\¾JÃE¯A³ à »\¾1¾�¯A³.ä�g´E®XÇ�¸AÈ�º°¯A³.¯�Ç ¹XÇ°¯A³.½Tg¹XºX¾1Å1Ì�®°¯A³�DÁÅ1ÇX¶�´e¸5.îº>ÅJ¯ 
 ´E¶�Ì�®XÅ1Ç°¯A³�ÅJ¯
Å1½x½x¯A³�´E½E �´E¹X¼ü¯�Çì®XÅ1¯�¾J¸AÕ


 ´e¸¸�®XÅ1´E¶ þ g¹XÇX¶�Ì�®6È 
 ´e³�Ì þ ¯�½G¿�¯�¾Á¹>ÇXº ç »E³�Â�¯A³�¸r�\¹XÇ°õE¯�¶U®X´eÂ�¯�ÇÞºX¹°³.Ì�®ÛÅ1®X³�¯Òf�»E³�³.¯Aõ�¸�¹°³.¯�Ç
¼À³�¯�¹XÇXºX¾ÉÅ1Ì.®°¯A³.äÁ¯�Å1¶�¯�ºXÅJ¯ Ñ ³�Â�¯�ÅJ¸�ÆE»\½ ÃE³�g»EÂ>¶¸¯�Çn¶¿>³.´EÌ.®X¾ÉÅ1Ì.®°¯�ÇjÈ�ÃE³.´E½x½x´e¸�Å1õ�´E¾1ÅÉ¶�Ì.®°¯�Ç�¹>ÇXº�Å1ÇX®X´E¾1¸�¾1Å1Ì.®X¯�Ç
B ³�¯�Ì�õìÃE¯�¶±g´E¹°Â�¯A³�¸AÕ

0�g¹°³ì¯�Å1ÇX¯W¶�¯�®°³ÔÅ1Ç�¸¯A³�¯�¶�¶�´EÇ�¸¯î	´eÃ\¹XÇ°Ã\¶¸¯�Å1¾ÉÇX´E®X½G¯èÅ1Ç 
 ¯QÄÒÅ1ÌQ» é ÅJ¸9µ Ã\Å1¾J¸ì½G¯�Å1Ç B ´EÇ°õ�û	¯A¿�¯
0°³.´EÇ>ÌQ»°Õ æ ³.´EÌAÅ1´E¶�Õ ã Ì�®ØºX´EÇXõE¯�û	»\¾1Å1Ì�®°³�»\ÇXÅÉ¶bû"´e¿>´Eº°¯A³�»\¶á¼g¹°³Áº>ÅJ¯ à ¯A³�¯�ÅJ¸�¶�¸¯�¾1¾1¹XÇ°Ã¬¶¯�Å1Ç°¯A³ B ´e¸¯�Çì¹>ÇXº
®XÅ1¾1¼ü³�¯�ÅÉÌ.®°¯ B Å1¶õÒ¹X¶�¶�ÅJ»\ÇX¯�Ç6Õ


 ¯�ÇX¶á¶�´EÇX´åÅÉÇxÌQ»E³�¿�»E³�¯h¶.´EÇ°»°Õmö�Å1¯�¾J¯�Ç B ´EÇ°õx´EÇØºXÅJ¯�ÃE¯�¶�´E½¬¸¯R0X¹ÕðEÂ>´E¾É¾1½x´EÇXÇX¶.Ì.®X´e¼À¸AÈ�Å1Ç>¶Â�¯�¶»\ÇÒ²
º°¯A³�¯¬´EÇ �³�´EÅ1Ç°¯A³��ÅÉ½v¹XÇXº Ñ ¶�¶�Å1¶�¸¯�Çc¸¯�Ç Ð ¸¯A¼À´EÇjÈ>´E¹XÌ.®Ô¼g¹X³�ºX´E¶3�À¼g´E¶¸hÅÉ½x½G¯A³ � Ã\¹°¸¯åíè¯A¸¸¯A³�Õ B Å1¯
fn´�Ý�¯A¯AõM¾É´e¸�¶�Ì.®°³�¹XÇXº°¯ÜÆE»\Ç"G�Å1½x½G¯A³ÜêU�cô��X �´e³.¶AÈ�fn»\¶�¾J»,äh¶õMÅ$È þ ¯A³�³Uö¬ÕJÈ B ¯A³.¯Aõ � ®X´e¸UÆE»\Ç"Gk¯�ÅJ¸3.�¹
Gk¯�ÅJ¸l¼²g¹°³ Ñ ¹ÒË>»ÒÌ�õE¯A³.¹>Ç°Ãxº°¯A³�õE»\½G¿S¾1Å/.�ÅJ¯A³�¸¯�Ç æ ¯�ºX´EÇ°õE¯�Ç ÃE¯�¶�»E³�ÃE¸AÕ

G�¹>½ Ð Ì.®X¾1¹>¶�¶ß½tg»\Ì.®�¸¯ÍÅ1Ì�®�½G¯�Å1Ç°¯A³£0X´E½·Å1¾1ÅJ¯Ú¼g¹X³ Å1®°³�¯ � Ç�¸¯A³.¶¸eg¹X¸5.�¹XÇ°ÃÙºX´EÇ°õE¯�ÇjÈhÂ�¯�¶»\ÇXºX¯A³.¶
½G¯�Å1ÇX¯�ÇRDb¾J¸¯A³.ÇjÈ�ºX¹°³�Ì.®nº°¯A³.¯�Ç à ¯�ÅJ¸³.´eÃ�¹XÇ>º�0'g»E³.º°¯A³.¹XÇXÃ�½G¯�Å1Ç°¯A³ ã Çc¸¯A³.¯�¶�¶¯�Çn¯�¶�½xÅJ³6¯A³.¶�¸j¯A³.½tg»EÃ\¾1ÅÉÌ.®�¸
ä�¹°³�º°¯EÈ°ºXÅJ¯�íè¯�¾J¸�ºX¯A³ Ñ ¶�¸³�»E¿>®�µM¶�Å1õ·¯A³.¾J¯AÂ�¯�Ç1.�¹ º¦g¹°³�¼À¯�Ç6Õ




