
Nonlinear Control Systems Design (NOLCOS)
Enschede, the Netherlands, July 1998 

� ����� �� �� ���� � 	 
�� 	�� ��
���� ��� � � �
� �� ���
 �
 � � � �� ���� �� �� � �� ��
� 	


�������� � ���� � �� � ���  �!� �! 
�����" �� �#

� $%&'(%) *&+ , -&*. /0*) 1-2'3. 24 5 */) 1 '%6 78 9:;74
$*)/< %(& /* =&2'/'>'3 %< ?30@&%)%A -4 B *2*+3&*4 $C D77EF

GHIIJKLMN OLPIQRLS ORMH
�� , 36 *('. 3&' %< 5 30@ *&/0*) *&+ C3(%26 *03 T &A /&33(/&A 4

B (/& 03'%& U&/V3(2/'-4 B (/& 03'%&4 W X 8;FYY
ZPJ[ \K]^ \Z LRQJZ ORMH

_`abcdeb f gh bija kdklc ml enhabcoeb p nbjnh kcjp jbjqla da drsncjbip `ojrtjhs `rneua
vnc abd`jrjwdbjnh dht enhbcnr nv d erdaa nv ohtlcdebodblt axablp a bidb jherotla
akdelecdvb y ao`plcaj`rla dht krdhdc qlijerla z {il ohtlcdebodblt axablp a dcl pntlrrlt
da |dscdhsjdh axablp a nh |jl scnoka } bioa y bilx dcl axablp a m jbi tcjvb dht m jbi
deelaaj`jrjbx tjabcj`objnha tlaecj`lt `x bil nklcdbjnh nv |jl `cdeulb dht axp plbcje
kcntoeb z ~ jclebjnha nv p nbjnh bidb dcl hnb tjclebrx debodblt dcl jtlhbj�lt m jbi
axp p lbcje kcntoeba nv bil jhkob qlebnc �lrta y dht jh�kidal ajhoanjtdr vncejhs ja oalt
jh bil kcjp jbjqla bn slhlcdbl p nbjnh jh bilal tjclebjnha z {ilal kcjp jbjqla edh bilh
`l oalt vnc d qdcjlbx nv rnm qlrn ejbx p dhloqlca z �nc l�dp krl y ml tlp nhabcdbl biljc
oal vnc l�knhlhbjdr k njhb abd`jrjwdbjnh dht vnc abdbje jhblcknrdbjnh z �l lqdrodbl noc
drsncjbip a dht jhqlabjsdbl bil dtqdhbdsl nv krdhhjhs p nbjnha drnhs clrdbjql l�o jrj`cjd z

�lxmncta f ohtlcdebodblt axablp a y p leidhjedr axablp a y l�knhlhbjdr abd`jrjwdbjnh

�z g�{��~� �{g��

�htlcdebodblt p leidhjedr enhbcnr axablp a kcn�
qjtl d eidrrlhsjhs claldcei dcld nv jhecldajhs jh�
blclab jh `nbi dkkrjedbjnh dht bilncxz gh bija
kdklc y ml tlajsh abd`jrjwdbjnh dht p nbjnh enh�
bcnr rdm a vnc dh jp kncbdhb erdaa nv ohtlcdebodblt
p leidhjedr enhbcnr axablp a bidb jherotla ohtlc�
mdblc qli jerla y adblrrjbla y aocvdel qlaalra y djcaijka
dht inqlcecdvba z �nc bilal axablp a y clrlqdhb |d�
scdhsjdh p ntlra dcl dqdjrd`rl dht rjvb�tcds bxkl
l�leba dcl anplbjp la hlsrjs j` rl z �lx vldbocla dcl
bil vnrrnm jhs f ��� bil enh�socdbjnh akdel ja d |jl
scnok y da y vnc l�dp krl y bil scnok nv cnbdbjnha
�� ��� jh bil edal nv d adblrrjbl y ��� bil |dscdhsjdh
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ja l�odr bn bil ujhlbje lhlcsxy ��� l�blchdr vncela
dcl ��lt m jbi clakleb bn bil `ntxy dht �¼ � bilcl
dcl vlmlc debodbnca bidh tlsclla nv vclltnp z
{ilal axablp a n�lc d enhbcnr eidrrlhsl da bilx
idql hnh�wlcn tcjvb y biljc rjhldcjwdbjnh db wlcn ql�
rn ejbx ja hnb enhbcnrrd`rl dht bilx dcl slhlcjedrrx
hljbilc vllt`deu rjhldcjwd`rl hnc hjrk nblhb z �oc�
bilc y hn blab ja dqdjrd` rl bn labd` rjai milbilc nc
hnb bilx dcl tj�lclhbjdrrx ½db z gh nbilc mncta y bil
pnbjnh krdhhjhs kcn` rlp vnc bija erdaa nv axablp a
edhhnb ` l anrqlt m jbi dhx labd`rjailt p lbint z
gpkncbdhb clvlclhela jherotl bil mncu nh ap drr�
bjp l rn edr enhbcnrrd`jrjbx ��oaap dhh y �¾¿À� dht nh
enh�socdbjnh enhbcnrrd`jrjbx vnc ajp krl p leidhjedr
axablp a �|lm ja dht Á occdxy �¾¾À� z �lsdctjhs bil
enhabcoebjql enhbcnrrd`jrjbx kcn`rlp y ml lp krnx
dh dhdrnsnoa dkkcndei bn nhl jh �|lnhdct dht
�cjaihdkcdadt y �¾¾Â� y milcl p nbjnh drsncjbip a
vnc d erdaa nv ujhlp dbje axablp a nh |jl scnoka mlcl



tlajshlt m jbi ap drr�dpkrjbotl klcjntje jhkoba z
�l deijlql l�knhlhbjdr abd`jrjwdbjnh `x jblcdbjhs
dh dkkcnkcn�jp dbl abd`jrjwdbjnh ablk jh bil akjcjb
nv �|d�lccjlcl dht �oaap dhh y �¾¾ �� z
{il kdklc ja ncsdh jwlt da vn rrnm a z gh �lebjnh � ml
clqjlm vcnp ��orrn dht |lnhdct y �¾¾À� dh drsl�
`cdje blab vnc rn edr enhbcnrrd`jrjbx db wlcn qlrn ejbx
dht d klcboc`dbjnh dhdrxaja nv pleidhjedr axablp a
ohtlc ap drr dp krjbotl vncejhs z gh �lebjnh � ml
tlajsh bmn p nbjnh kcjp jbjqla bidb k lcvncp bil
`daje bdaua nv eidhsjhs dht p djhbdjhjhs qlrn ejbx
oajhs jh�kidal jhkoba z {il bmn p nbjnh kcjp jbjqla
dcl bil `ojrtjhs `rn eua vnc tlajshjhs i jsi�rlqlr
p nbjnh kcn eltocla } ml tlajsh drsncjbip a bn anrql
knjhb�bn�knjhb clenh�socdbjnh y rn edr l�knhlhbjdr
abd` jrjwdbjnh dht abdbje jhblcknrdbjnh kcn`rlp a z
�oc drsncjbip a kcnqjtl ao`nkbjp dr enhbcnr rdm a }
inmlqlc y ml ainm inm bil jhblcknrdbjnh drsncjbip
dkkrjlt bn d kdbi drnhs d al�olhel nv clrdbjql
l�ojrj`cjd l�krnjba axablp txhdp jea bn kcnqjtl dh
l� ejlhb p nbjnh enhbcnr abcdblsxz
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{il �cab dobinc bidhua � cnv z � jeidct Á z Á occdx
dht ~c z _htclm ~ z |lm ja vnc ilrkvor tjaeo aajnha z
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�lcl ml clqjlm anpl claorba kclalhblt jh ��orrn
dht |lnhdct y �¾¾À� } d p ncl tlbdjrlt bcldbplhb ja
vnoht jh ��orrn 3' *)�y �¾¾À� z
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|lb 	 tlhnbl d p dbcj� |jl scnok m jbi p dbcj�
porbjkrjedbjnh da scnok nklcdbjnh z |lb 
 `l jba | jl
drsl`cd dht rlb dt� � 
 �� � � � 
 �� � �� tlhnbl bil
|jl `cdeulb nk lcdbjnh �j zl z p dbcj� enp pobdbnc� z
�l daaop l bidb bil alb 	 ja bil �dcblajdh kcntoeb
nv enkjla nv bil scnok nv cjsjt pnbjnha �� ��� dht
jba kcnk lc ao`scnoka z {ija jherotla vnc l�dpkrl
bil cnbdbjnh scnok �� ��� dht jba daan ejdblt |jl
drsl`cd � � ��� z �h dh dc`jbcdcx |jl scnok ml edh
tl�hl d aoc� lebjql p dk dht rn edr tj�lnp nckijap
edrrlt bil 3�6 %&3&'/*) . *6 l�k f 
 � 	 z �nc
l�dpkrl y sjqlh � � �� y �ntcjsola � vncpord sjqla

l�k�� �� �!� � 
 g " ajh #� # !�#� # " �� � ena #� #� !� ##� ## �
milcl bil nklcdbnc !$ f �� � � � ��� ja tl�hlt
qjd !�% & � ' % vnc drr � � % � �� z gh dh nklh
hljsi`ncinnt nv bil jtlhbjbx g � 	 y ml tl�hl� 
 rns �( � � 
 bn `l bil 3�6 %&3&'/*) 0%%(+/&*'32 nv
bil scnok lrlp lhb ( dht ml clsdct bil rnsdcjbip je
p dk da d rn edr eidcb nh bil p dhjvnrt 	 z

�js z � z � rdhdc `ntx m jbi bmn vncela dkkrjlt db d
knjhb d tjabdhel ) vcnp bil elhblc nv p daa z

, 3* &/'/%& 7 � �l tlaecj` l d . 30@ *&/0*) 0%&'(%)
2-2'3. %& * + /3 A (%>6 m jbi bil vnrrnm jhs n` � leba f
dh , �tjp lhajnhdr | jl scnok 	 �tl�hjhs bil enh�
�socdbjnh akdel� y dh jhlcbjd blhanc - f 
 � 
 �
�tl�hjhs bil ujhlbje lhlcsx� dht d alb nv jhkob
en�qlebnca ./� � 0 0 0 � /1 2 3 
 � �tl�hjhs bil `ntx�
��lt vncela� z {il axablp ja adjt bn `l >&+3(*0'>:
*'3+ jv bil hop`lc nv dqdjrd`rl jhkob vncela 4 ja
rlaa bidh bil hop`lc nv tlsclla nv vclltnp , z

|lb ( � 	 tlhnbl bil enh�socdbjnh nv bil axablp
dht � � 
 bil `ntx���lt qlrn ejbxy an bidb bil uj�
hlbje lhlcsx ja �# � 5 -� z {il ujhlp dbje dht txhdp je
l�odbjnha nv p nbjnh dcl6( 
 ( $ � ���

- 6� 
 dt�� -� " 1789 �
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milcl dt�� ja bil todr nk lcdbnc nv dt� dht milcl
bil aedrdc jhkob vohebjnha .: 8 � < 
 � � 0 0 0 � 4 2 `l�
rnhs bn bil akdel nv p ldaocd`rl vohebjnha = 1 z �nc
enhqlhjlhel ml tl�hl >8 & -?�/8 z
�nc dhx qlebnc � mjbi bil kcnk lcbx bidb dt�@ -� 
A y bil eocql ; � � B� �l�k �;� � � � � ja d anrobjnh bn
bil axablp ���C ��� z {ilal eocqla dcl abotjlt jh
pleidhjea �Á dcatlh dht �dbjo y �¾¾¼ � ohtlc bil
hdp l nv (3)*'/V3 3D>/)/E(/* dht tlaecj` l p nbjnh
bidb encclaknhta bn enhabdhb `ntx���lt qlrn ejbx
vnc bil ohenhbcnrrlt axablp z
�l�b y ml tl�hl bil nklcdbjnh nv 2-. . 3'(/0 6 (%+:
>0' nh bil |jl drsl`cd 
 z � jqlh bmn qlebnca � � �
nh 
 y ml tl�hlF� f� G & �-?� Hdt �� -� " dt�@ -� I0
�nc l�dp krl y nh � � ��� J �� mjbi bil jhlcbjd blhancK dht m jbi bil l�odrjbx dt�@ 
 � L� y ml enp koblF� f� G 
 K ?� H� ' K� " � ' K� Iz

T� *.6 )3 E � �� rdhdc `ntx jh d ½ojt � z |lb �M � � � % �
jh �� ��� tlhnbl bil enh�socdbjnh nv bil krdhdc
`ntx dht �N � O � � O# � jba `ntx���lt qlrn ejbxz {il
ujhlbje lhlcsx ja P Q 
 �# RN # " �# 4 �O #� " �# 4 #O ##milcl .R� 4 � � 4 # 2 dcl knajbjql enhabdhba z �h � S ���
bil dt�njhb nklcdbnc ja enp koblt da

dt �T �UV �UW  
 XY A A AO# A �N�O � N A
Z[ 0



{il bmn enhbcnr jhkoba enhajab nv vncela dkkrjlt db
d tjabdhel ) vcnp bil elhblc nv p daa y all �jsocl �z
_vblc jhqlcbjhs - 
 tjds .R� 4 � � 4 # 2 y ml idql >� 

�1 V �# dht ># 
 ?�� � � " �1W �� y milcl .� � � �# � �� 2

ja bil abdhtdct `daja nh �� z gh ennctjhdbla bil
l�odbjnha nv p nbjnh ���C ��� cldt6M 
 N R 6N 
 �4 � �4 # �O �O# � ): #6� 
 ��O � � ��O# � 4 � 6O � 
 4 #N O# " : �6% 
 �� O � " ��O# 4 # 6O# 
 �4 �N O � " : # 0
milcl �� 
 ena �M � dht �� 
 ajh �M � z

� z� +%0*) 0%&'(%) )*E/)/'-

�nc � � A y d 2%)>'/%& nv bil axablp ���C ��� y ja
d kdjc �( � : � y milcl ( f �A � � � � 	 ja d kjlelm jal
apnnbi eocql nh 	 dht : ja dh dtp jaaj` rl jhkob z
|lb (� � 	 dht rlb 	 3 	 ' 
 `l d hljsi`ncinnt
nv �(� � A � z �nc � � A y alb
� �(� � � � � 

����5 . �( � � � � � � � d anr z�( � � � a zb z�( � � � �A� 
 �(� � A�

�( � � � ��� � 	 vnc � � �A � ;� dht �( � � � �;� 
 �( � � � � �20
, 3* &/'/%& � � {il axablp ���C ��� ja 2. *) ):'/. 3
)%0*) )- 0%&'(%) )*E)3 *' (� *&+ *' � 3(% V3)%0/'- jv
� �(� � � � � enhbdjha d nklh alb nv 	 ' 
 vnc drr� � A dht vnc drr 	 y dht jv �(� � A� � ` lrnhsa bn bil
jhblcjnc nv bi ja alb z gv bi ja inrta vnc dhx (� � 	 y
bil axablp ja edrrlt 2. *) ):'/. 3 )%0*) )- 0%&'(%) )*E)3
*' � 3(% V3)%0/'- ��{|� db wlcn qlrn ejbx� z

|lb � 
 .>� � 0 0 0 � >1 2 tlhnbl bil vdp jrx nv jhkob
qlebnca z �l tl�hl bil 2-.. 3'(/0 0)%2>(3 nv � y tl�
hnblt `x �xp �� � y da bil alb nv qlebnca n`bdjhlt `x
bdujhs jblcdblt axp p lbcje kcntoeba nv bil qlebnca
jh � z {il %(+3( nv dh jblcdblt kcntoeb nv vdebnca
vcnp �xp �� � ja bil bnbdr hop`lc nv vdebnca z �l
adx bidb d axp plbcje kcntoeb vcnp �xp �� � ja E*+
jv jb enhbdjha dh lqlh hop`lc nv ldei nv bil qlebnca
jh � z �bilcm jal y ml adx bidb bil axp p lbcje kcnt�
oeb ja A %%+z �nc l�dp krl y FF>� f ># G f >� G ida nctlc
bicll dht ja snnt y FFF>� f ># G f ># G f >� G ida nctlc vnoc
dht ja `dt z

B (%6 %2/'/%& Y � {il axablp ���C ��� ja �{|� db
wlcn qlrn ejbx jv bil ao`akdel �xp �� � ida vo rr cdhu
dht lqlcx `dt axpp lbcje kcntoeb ja d rjhldc enp �
`jhdbjnh nv rnmlc�nctlc snnt axp plbcje kcntoeba z

T� *.6 )3 F � �� rdhdc `ntx jh d ½ojt� z �nhajtlc bil
krdhdc `ntx nv ��dp krl � {il nhrx clrlqdhb hnh�
qdhjaijhs axp plbcje kcntoeba dcl
F>� f ># G 
 ?��1W �� " 1W ?1 V�1 V1 W � � � F># f ># G 
 #��1 V �# �

F># f F># f ># GG 
 ?#� �1 V?1 W  � W1 V1 W � � " ?#�W� W1 W �� 0

{il axablp ja �{|� db wlcn qlrnejbxy ajhel bil
ao`akdel slhlcdblt `x bil qlebnca .>� � ># � F>� f ># G2
ida vo rr cdhu dht bil `dt axpp lbcje kcntoebF># f ># G ja d rjhldc enp`jhdbjnh nv rnmlc�nctlc snnt
kcntoeba f F># f ># G 
 � ��)�R �>� z

Á nbjqdblt `x bija l�dp krl y ml adx bidb d axablp
ja 1 ?+ $ *' � 3(% V3)%0/'- � /'@ 230%&+:%(+3( 2-. :
. 3'(/0 6 (%+>0'2 jv
�_�� {il ao`akdel akdh .>8 � F>� f >� G � � � � 2 ida

vorr cdhu dht ldei `dt kcntoeb F>8 f >8 G ja d rjhldc
enp`jhdbjnh nv bil qlebnca .>� � 0 0 0 � >1 2 z

� z� C66 (%� /. *'3 2%)>'/%&2 >&+3( 2. *) ):*.6 )/'>+3
< %(0/&A
gh bi ja alebjnh ml enpkobl dh dkkcn� jp dbl anro�
bjnh nv axablp ���C ��� ohtlc ap drr�dp krjbotl vnce�
jhs z � jqlh d qlebnc�qdrolt vohebjnh ) �;� y ; � �� y
tl�hl jba �cab jhblscdr vohebjnh ) �;� y da bil �hjbl
jhblscdr vcnp A bn ;

) �;� & � �� ) �� � � 0
� jsilc�nctlc jhblscdra y da vnc l�dp krl ) �;� y dcl
tl�hlt cleocajqlrxz gh bil vnrrnm jhs y ml enhajtlc
jhkoba nv bil vncp

:8 �; � !� 
 !: �8 �;� " !#: #8 �;�
milcl A � ! �� � dht milcl : �8 � : #8 dcl " ��� z _e�
enctjhsrx ml mcjbl bil claorbdhb vncejhs # 8 >8: 8 �; � !�
da bil aop nv bmn blcp a nv tj�lclhb nctlc jh !1789 �

>8: 8 �; � !� 
 1789 �
>8 H!: �8 �;� " !#: #8 �;�I


 ! >� �;� " !# ># �;� � ���
milcl ml tl�hl >� �;� 
 #189 � >8: �8 �;� dht ># �;� 
#189 � >8: #8 �;� z gh bil vnrrnm jhs y sjqlh dhx �odhbjbx� �!� y ml rlb � � tlhnbl bil �bi blcp jh bil {dxrnc
l�kdhajnh nv � �!� d`nob ! 
 A } vnc l�dp krl y ml
m jrr m cjbl � �; � !� 
 !� � �;� " !#� # �;� " " �!� � z

B (%6 %2/'/%& $� |lb �( �;� � � �;�� ` l bil anrobjnh
bn ���C ��� y rlb ! % � dht tl�hl bil jhkoba da
jh ��� z |lb � �;� `l bil l�knhlhbjdr ennctjhdbla nv( �;� y dht rlb � �A � 
 !� �� " !# � #� z {ilh vnc ; � �A � �& �
jb inrta bidb � �; � !� 
 !� � �;� " !# � # �;� " " �!� � y m jbi� � �;� 
 � �� " >� �;� �
� # �;� 
 � #� � '� �� f� �� ( ;

� � F� �� f >� G" )># � F>� f >� G
� *

dht � �; � !� 
 !� � �;� " !#� # �;� " " �!� � y m jbi

� � �;� 
 � �� ; " >� �;� �
� # �;� 
 � #� ; � '� �� f� �� ( ;#

¼ " +># � VW F>� f >� G, �;�
� F� �� f >� �;�G " VW -� �� " >� � � �� ; " >�. �;� 0



�l�b ml tlajsh jhkoba H>� �;� � ># �;�I y bidb drrnm oa
bn ajp krjvx bil dkkcn�jp dbjnha d`nql dht abllc
bil qlrn ejbx nv bil axablp bn dh dc`jbcdcx qdrol z

+3. . * 9� �ghqlcajnh _rsncjbip � z |lb �_�� inrt
dht rlb � `l dh dc` jbcdcx lrlp lhb jh 
 z
��� �lb � 
 4 �4 � ���� dht rlb � 
 . �� � � � � � �� � � � 4 2 z �op`lc bil lrlp lhba jh �

mjbi � � 0 0 0 �� y dht rlb � �� � � � `l bil jhblslc
encclaknhtjhs bn �� � � � z �nc � 
 � � 0 0 0 �� y rlb
�� �;� 
 ��#� �� ajh ��;� � �� " � � ajh �� " � �;� 0

��� �ledoal nv �_�� y bil p dbcj� m jbi enrop ha>8 dht F>� f >� G ida vorr cdhu z 	 jd jba kalotn�
jhqlcal y enpkobl �4 " � � cldr hop`lca �8dht �� � aoei bidb

� 
 7
��8�1 �8 >8 " 7

��� 
��1 �� � F>� f >� G 0
��� �jhdrrxy alb

>� 
 7� 
� � ��� � ��>� � ajsh ��� � �>���� �� ��  �;� �
># 
 78

�8
�& >8 " 7� 
� ��� � �

¼& �F>� f >� G" F>� f >� G� �
�¼� dht tlhnbl bija kcn eltocl m jbiH>� �;� � ># �;�I 
 �Z
R^ NR�� � 0

gb edh `l ainmh bidb�># � VW F>� f >� G� ��& � 
 � 0
� z Á �{g�� ��gÁ g{g	�� _�~ ���{��|

_|� ��g{�Á �

gh bija alebjnh ml tlajsh p nbjnh enhbcnr drsn�
cjbip a `dalt nh bil dkkcn� jp dbjnha jh � cnknaj�
bjnh � dht bil jhqlcajnh drsncjbip jh |lp p d À z
�l abdcb `x tlajshjhs bmn kcjp jbjql p nbjnh kdb�
blch a y �P\ZQP\Z��RI dht �SPZ�R��RI z

� z� B (/. /'/V32 %< . %'/%&

�l tlaecj`l bmn `daje p dhloqlca bidb ldei rdab
�& ohjba nv bjp l z {il kdcdp lblc � % � ja d hlm
ap drr k najbjql enhabdhb z {n p djhbdjh d qlrn ejbx
nv nctlc " �� � y dh jhkob nv nctlc " �� � ao� ela y
mijrl bn n`bdjh d eidhsl jh qlrn ejbx nv nctlc" �� � y ml lp krnx d enhbcnr jhkob nv nctlc " ��� � z�dei kcjp jbjql ja tlaecj`lt jh blcp a nv jhjbjdr
enh�socdbjnh dht qlrn ejbxy jhkob tlajsh y dht �hdr
enh�socdbjnh dht qlrn ejbxz�P\ZQP\Z��RI �� � � ���� � ullka bil `ntx qlrn ejbx� �;� ernal bn d clvlclhel qdrol � ���� z {il jhjbjdr

abdbl ja
�( �A� � � �A �� 
 �(� � � ���� " � #���� � �

bil jhkob ja tlajshlt da ! 
 � dht
�>� � ># � 
 �Z
R^ NR�& F���� f� ��� G � ���� � �

dht bil �hdr abdbl ja
rns �( ?�� ( ��& �� 
 �&� ���� " &� # ���� " " �� � � �� ��& � 
 � � ��� " " �� � � 0 �¼ ��SPZ�R��RI �� � ������ � abllc bil `ntx qlrn ejbx � �;�

bn d �hdr qdrol � ����� z {il jh jbjdr abdbl ja
�( �A � � � �A�� 
 �(� � � �� � �

bil jhkob ja tlajshlt da ! 
 �� dht
�>� � ># � 
 �Z
R^ NR������ � �� � �

dht bil �hdr abdbl ja
rns �( ?�� ( ��& �� 
 &� ��� " ����� � " " �� ��# �� ��& � 
 � ����� " " �� # � 0 �Â�

{il abdblp lhba �¼� dht �Â� dcl kcnqlt qjd dh
dkkrjedbjnh nv bil claorba jh � cnknajbjnh � dht jh
|lp p d À z �l�b ml enp kobl labjp dbla nv �hdr enh�
�socdbjnha dvblc porbjkrl jhblcqdra z {il vnrrnm jhs
claorb ja d enhal�olhel nv bil �dp k`lrrC�dulcC�doatnc� vncpord �Á dcatlh dht �dbjo y �¾¾¼ � z

+3.. * ; � |lb � % � `l d knajbjql enhabdhb y rlb(� � ( � � 	 y dht alb %� 
 rns �(� � � 
 y % � 

rns �( � � � 
 z gv bil qlebnc �%� � % � � ja ijsilc nctlc
jh � bidh �%� " % � � y bilh

rns �(�( � � 
 %� " % � " " ��%� � % � �� 0
�jhdrrx ml lqdrodbl enaba daanejdblt m jbi bil bmn
kcjp jbjqla z {il p dshjbotl nv enhbcnr jhkob ja#& F���� f���� G � ���� #" �� � �
tocjhs d �P\ZQP\Z��RI �� � � ���� kcjp jbjql dht#����� � �� #" ��� � �
tocjhs d �SPZ�R��RI �� � ������ kcjp jbjql z

� z� $%&'(%) *)A %(/'@.2

�l kclalhb bicll drsncjbip a bn anrql qdcjnoa pn�
bjnh enhbcnr kcn`rlp a z {ilal drsncjbip a enp`jhl
bil bmn p nbjnh kcjp jbjqla m jbi d tjaeclbl�bjp l
vllt`deu z {ija p dula bil dkkcn� jp dbjnha inrt
nqlc porbjkrl bjp l jhblcqdra y da y vnc l�dp krl y nqlc
d bjp l jhblcqdr nv nctlc ��� z

B %/&':'%:6 %/&' (30%&* A>(*'/%& 6 (%E)3. {ija pn�
bjnh bdau clenh�socla bil axablp y j zl z eidhsla jba
knajbjnh dht ncjlhbdbjnh y abdcbjhs dht lhtjhs db
wlcn qlrn ejbxz �l daaop l bidb bil jhjbjdr abdbl ja
�( �A� � � �A�� 
 �(� � A� � dht bil �hdr tlajclt abdbl ja
�( � � A� � z �nc ajp krjejbxy ml cl�o jcl rns �( ?�� ( � � bn ` l
mlrr tl�hlt y lqlh binosi bija daaopkbjnh edh `l
clpnqlt z �h �� ��� bil rnsdcjbip ja mlrr tl�hlt
milhlqlc bil eidhsl jh dbbjbotl ja rlaa bidb & z
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{il drsncjbip enhajaba nv bicll ablka z �qlc bil
�cab bjp l jhblcqdr y ml eidhsl bil qlrn ejbx bn dh
dkkcnkcjdbl clvlclhel qdrol z �l bilh p djhbdjh bil
qlrn ejbx ernal bn bija enhabdhb clvlclhel qdrol vnc
dh dkkcnkcjdbl hop`lc nv k lcjnta z � jhdrrxy ml abnk
bil axablp milh ernal bn bil tlajclt enh�socd�
bjnh z {il tlbdjra dcl tlaecj` lt jh {d`rl �z

+3. . * D � ��nhabdhb 	lrn ejbx _ rsncjbip � z |lb �
`l d ao� ejlhbrx ap drr knajbjql enhabdhb dht rlb
�( �A � � � �A�� 
 �(� �" �� # �� dht rlb ( � ` l d scnok
lrlp lhb aoei bidb rns �( ?�� ( � � ja mlrr tl�hlt z |lb� � 9 dht bil jhkoba �>� � ># � �;� vnc ; � �A � � �� "
��& � `l tlblcp jhlt deenctjhs bn bil drsncjbip jh
{d`rl �z _b �hdr bjp l jb inrta

rns �( �� �� " ��& �?�( �� 
 " �� ��# � �
� �� �� " ��&� 
 " �� # � 0

{il �hdr abdbl ja hnb l�debrx da tlajclt y jh abldt
bilcl dcl lccnca nv nctlc " �� ��# � dht " �� # � z {ija
ohtlajcd`rl vldbocl edh `l enp klhadblt vnc `x
anrqjhs bil knjhb abd`jrjwdbjnh kcn`rlp z

B %/&' 2'*E/)/�*'/%& 6 (%E)3. {ija p nbjnh bdau
daxp kbnbjedrrx abd`jrjwla bil enh�socdbjnh ( �;� bn
d tlajclt qdrol bidb ml daaop l m jbinob rnaa nv slh�
lcdrjbx bn ` l bil jtlhbjbxz �nhqlcslhel ja lhaoclt
da rnhs da #�rns �( �A �� � � �A �� # ja ap drr lhnosi z
{il ulx jtld nv bil drsncjbip ja bn jblcdbl bil
vnrrnm jhs kcn eltocl f pldaocl bil abdbl db bjp l ;�
dht tlajsh enhbcnr jhkoba bidb bcx bn abllc bil
abdbl bn bil tlajclt qdrol �g � A� � db bjp l ;�� � 
;� " ¼& z �jhel ml jp knal bmn cl�o jclp lhba y nhl
nh bil �hdr enh�socdbjnh dht nhl nh bil �hdr
qlrn ejbxy bmn edrra bn bil �SPZ�R��RI kcjp jbjql dcl
hlltlt z {il tlbdjra dcl tlaecj` lt jh {d`rl � z

+3. . * 78 � ���knhlhbjdr �bd`jrjwdbjnh _rsncjbip � z
|lb #�rns �( �A�� � � �A��# � � `l ao� ejlhbrx ap drr z
|lb bil jhkoba �>� �;� � ># �;�� `l tlblcp jhlt deenct�
jhs bn bil drsncjbip jh {d`rl � dht rlb ;� 
 ¼�& z
{ilh bilcl l� jaba d : � A aoei bidb vnc drr � � 9
;;H rns �( �;� �� � � �;� �I ;;� ;;H rns �( �A�� � � �A�I ;;<?=� 0

{d`rl � z ��knhlhbjdr �bd` jrjwdbjnh _ rs z
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1 '*'/0 =&'3(6 %)*'/%& 6 (%E)3. {ija p nbjnh bdau
abllca bil axablp �a enh�socdbjnh drnhs d kdbi enh�
hlebjhs bil alb nv bil nctlclt knjhba .(� � 0 0 0 � (N 2 z
_ a d`nql y ml cl�ojcl rns �( ?��?�( � � bn ` l mlrr tl�
�hlt vnc � � � � O z �nosirx ak ldujhs y bil
drsncjbip enhajaba nv O clkldblt enhabdhb qlrne�
jbx p dhloqlca `ob m jbinob abnkkjhs jh `lbmllh
knjhba z {il tlbdjra dcl tlaecj` lt jh {d`rl � z gb
edh `l ainmh bidb bil enh�socdbjnh ( �;� vn rrnm a d
kdbi kdaajhs bicnosi bil knjhba .(� � ( � � 0 0 0 � (N 2
mjbi dh lccnc nv nctlc � z

� z� z�z =&'3(6 %)*'/&A 23D>3&032 %< (3)*'/V3 3D>/)/E(/*
V3(2>2 0%&2'*&' V3)%0/'- . %'/%&2 {il �nhabdhb	lrn ejbx dht bil �bdbje ghblcknrdbjnh _ rsncjbip a
kcnqjtl bmn tj�lclhb anrobjnha bn bil clenh�s�
ocdbjnh kcn` rlp z {ilal bmn drsncjbip a edh `l
enp kdclt nh bil `daja nv dh jhkob enab nv bil vncp

#: #P� �5 Q 
 � 5� R �: �;�� ; �
milcl � 
 � �� � ja bil bjp l cl�ojclt bn enp krlbl
bil p dhloqlc dht R f = 1 B� � ja d enab nh bil
akdel nv jhkob vohebjnha z �l rlb ( 8 dht ( S tlhnbl
jhjbjdr dht �hdr �tlajclt� enh�socdbjnha dht ml rlbT 
 .(� 
 (8 � ( � � 0 0 0 � (N 
 ( S 2 `l d al�olhel nv
enh�socdbjnha aoei bidb rns �( ?�� ?�(� � ja d clrdbjql
l�ojrj`cjop qlebnc vnc drr � 
 � � 0 0 0 �O z �ledrr
bidb � � 
 ja d clrdbjql l�o jrj`cjop qlebnc jv F� f� G
qdhjaila z
��� {il �nhabdhb 	lrn ejbx _ rsncjbip bn sn vcnp(� bn ( S jhqnrqla � edrra bn bil �SPZ�R��RI
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�js z � z �nhabdhb 	lrn ejbx �rlvb � dht �bdbje ghblcknrdbjnh �k jebocl� drsncjbip a z {il `orrlb�aidklt n` � leba
clkclalhb bil krdhdc `ntx �a rn edbjnh f tdculc n` � leba encclaknht bn `lsjhhjhs dht lht nv d kcjp jbjql z

kcjp jbjql dht ����� edrra bn bil �P\ZQP\Z��RI
kcjp jbjql z {il enab nv bil enpkrlbl p dhloqlc
edh `l enp koblt da#: #P� �5 Q 
 " ��� � " �� � ��#F���� f���� G #" �� �
 " ��� �
ajhel #F���� f���� G # 
 " ��� dht � 
 " ���� � z

��� {il ghblcknrdbjnh _ rsncjbip dkkrjlt bn bil
alb nv enh�socdbjnha T jhqnrqla �O " �� edrra
bn bil �SPZ�R��RI kcjp jbjql dht �#N�9 � � � �
edrra bn bil �P\ZQP\Z��RI kcjp jbjql z � jbi
bil hnbdbjnh jh {d`rl �#: #P� �5 Q 
 �O " ��" ��� �" �#�� � � # F���� �� f���� �� G #" �� � 0
�jhel bil enh�socdbjnh ( �;� vnrrnm a bil kdbi
tlblcp jhlt `x alb T mjbi dh lccnc nv nc�
tlc � y dht ajhel rns �( ?�� ?�(� � ja d clrdbjql
l�ojrj`cjop qlebnc y jb edh `l ainmh bidbF���� �� f���� �� G 
 " �� � z �op p dcjwjhs#: # P� �5 Q 
 �O " ��" ��� � " �#�� � �" �� # �
 " ��� � 0

�l enherotl bidb vnc ap drr � �nc l�ojqdrlhbrxy vnc
rnhs �hdr bjp la � 
 " ���� �� y p nqjhs drnhs d alb
nv clrdbjql l�ojrj`cjd ja d p ncl l� ejlhb abcdblsx
bidh bil �nhabdhb 	lrn ejbx _ rsncjbip z

� z� W >. 3(/0*) 2/. >)*'/%&2

{il drsncjbip a idql `llh jp krlp lhblt nh bil
krdhdc `ntx jh ��dpkrl � z {il kdcdp lblc qdrola
jh hncp drjwlt ohjba mlcl einalh bn ` l R 
 � � 4 � 
0� � 4 # 
 � � ) 
 � z �nc `nbi bil �nhabdhb 	lrn e�
jbx _ rsncjbip dht bil �bdbje ghblcknrdbjnh _ rsn�
cjbip y ml rlb bil jh jbjdr enh�socdbjnh `l bil jtlh�
bjbx dht bil �hdr �tlajclt� enh�socdbjnh enhajab nv
d cnbdbjnh nv & dht d bcdhardbjnh nv � ohjba drnhs
bil % �d� ja z ��ojqdrlhbrxy ml alb ( �� �� ��� 
 �A � A � A�
dht (���� 
 �& � A � �� z �l rlb bil kdcdplblc � qdcx
jh bil �0AA � � 0Â� cdhsl y dht ml kclalhb ilcl claorba
vnc bil � 
 0� edal z �nc drr bicll drsncjbip a y

bil hop lcjedr clao rba mlcl jh dscllp lhb m jbi bil
bilnclbjedr dhdrxaja kclalhblt d`nql z
{il rlvb kjebocl jh �jsocl � encclaknhta bn bil
�nhabdhb 	lrn ejbx _ rsncjbip dht jrro abcdbla inm
bil enh�socdbjnh qdcjd`rla lqnrql drnhs d aeclm
pnbjnh bnmdct bil tlajclt enh�socdbjnh z {il
cjsib kjebocl jh �jsocl � encclaknhta bn bil �bdbje
ghblcknrdbjnh _ rsncjbp z {il jhjbjdr dht �hdr �tl�
ajclt� enh�socdbjnha dcl bil adp l da jh bil kcl�
qjnoa coh z {il alb nv nctlclt enh�socdbjnh knjhba
ja .�A � A � A � � �A � A � �� � �& � A � ��2z {il kdbi jh bil � � %
krdhl enhajaba nv d abcdjsib rjhl dht d cnbdbjnh z

¼ z ������� ����orrn y � z dht � z � z |lnhdct ��¾¾À� z Á nbjnh enh�
bcnr vnc ohtlcdebodblt p leidhjedr axablp a nh
|jl scnoka z gh f B (%0 T $$z � co aalra y �lrsjop z
k z ¼¿A z�orrn y � zy � z � z |lnhdct dht _ z ~ z |lm ja
��¾¾À� z �nhbcnrrd`jrjbx dht p nbjnh drsncjbip a
vnc ohtlcdebodblt rdscdhsjdh axablp a nh |jl
scnoka z {leihjedr �lkncb �~ � ¾ÀCA �� z �dr�
jvnchjd gh abjbobl nv {leihnrnsxz _qdjrd`rl db
SQQ] ������ OLMN OLPIQRLS ORMH z

|d�lccjlcl y � z dht � z � z �oaap dhh ��¾¾ �� z Á n�
bjnh krdhhjhs vnc enhbcnrrd`rl axablp a m jbi�
nob tcjvb z gh f B (%0 = $�C z �decdp lhbn y �_ z
kk z ��¼¿C ��Â� z

|lnhdct y � z � z dht � z � z � cjaihdkcdadt ��¾¾Â� z
Á nbjnh enhbcnr nv tcjvb�vcll y rlvb�jhqdcjdhb axa�
blp a nh |jl scnoka z =TTT ?C $ 	
 �¾� y �Â�¾C
�ÂÂ¼ z

|lm ja y _ z ~ z dht � z Á z Á occdx ��¾¾À� z �nh�s�
ocdbjnh enhbcnrrd`jrjbx nv ajp krl p leidhjedr
enhbcnr axablp a z 1=C 5 X � $%&'(%) *&+ �6 '/:
. /�*'/%& �
 ��� y À��C À¾A z

Á dcatlh y � z � z dht { z � z �dbjo ��¾¾¼� z =&'(%+>0:
'/%& '% 5 30@ *&/02 *&+ 1-.. 3'(-z �kcjhslc	lcrds z �lm �ncu y �� z

�oaap dhh y � z � z ��¾¿À� z _ slhlcdr bilnclp nh
rn edr enhbcnrrd` jrjbx z 1=C 5 X � $%&'(%) *&+
�6 '/. /�*'/%& �
 ��� y �Â¿C �¾¼ z


