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THE TACTICAL URBANISM ORIGINS OF THE DENVER BIKE SHARING SYSTEM 
 
ABSTRACT 
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INTRODUCTION 
F(-6&*($*+(&.$/3..('*$6."60:0*&"'=$,"%(.'$4&9($-+0.&':$-2-*(,-$O$*+"-($*+0*$3-($*(/+'"1":2$*"$

/+(/9$"3*$0'%$*.0/9$4&/2/1(-$O$+0?($"'12$4(('$0."3'%$&'$*+($7'&*(%$8*0*(-$-&'/($P0.*+$F02$CDQD$

&'$F('?(.=$H"1".0%"A$ $ R'"#'$0-$F('?(.$B5H2/1(=$*+($F('?(.$4&9($-+0.&':$-2-*(,$+0%$-&'/($

:."#'$*"$ST$-*0*&"'-=$#&*+$C=UDD$0''301$,(,4(.-$0'%$"?(.$VD=DDD$-+".*5*(.,$,(,4(.-$%3.&':$

CDQC=$0'%$,".($*+0'$SDD=DDD$/3,310*&?($.&%(-$-&'/($"6('&':$IF('?(.$B5H2/1($CDQCJA$ $ B0-(%$

"'$0$.(/('*$-3.?(2$")$F('?(.$B5H2/1($3-(.-=$TSW$.(6".*(%$3-&':$4&9($-+0.&':$*"$-34-*&*3*($)".$

*.&6-$*+(2$#"31%$+0?($*09('$42$/0.X$*+&-$-3::(-*-$*+0*$*+($F('?(.$4&9($-+0.&':$-2-*(,$&-$

.(-6"'-&41($)".$QAS$,&11&"'$)(#(.$?(+&/1($,&1(-$*.0?(1(%=$UT=DDD$)(#(.$:011"'-$")$:0-"1&'($

/"'-3,(%=$0'%$YQACS<$-0?&':-$&'$60.9&':$/"-*-$IF('?(.$B5H2/1($CDQCJA$ $ Z?(.$*+0*$*&,($6(.&"%=$

*+($"?(.011$4&9($*"$#".9$,"%($-+0.($&'$F('?(.$+0-$&'/.(0-(%$).",$QA[W$*"$CAVW$I\H8$CDQCJA$ $

@+($(]*('-&?($%0*0$/"11(/*(%$?&0$*+($%&--(.*0*&"'$#".9$")$F3?011$ICDQCJ$01-"$,09(-$*+($/0-($*+0*$

.(:310.$3-(.-$-*0'%$*"$:0&'$-34-*0'*&01$+(01*+$4('()&*-$IF3?011$CDQCJA$ $ 83/+$0$1"':$1&-*$")$

4('()&*-$4(:-$*+($>3(-*&"'^$!"#$%&%$*+($34&>3&*"3-$.(%$4&9(-$*+0*$'"#$%"*$F('?(.L-$%"#'*"#'$

('%$36$*+(.($&'$*+($)&.-*$610/(;$ $ <".("?(.=$#+0*$/0'$#($1(0.'$).",$*+($-*".2$*+0*$*+(-($4&9(-=$

0'%$*+($-34-(>3('*$-3//(--(-=$+0?($*"$*(11;$ $ G"*$-3.6.&-&':12=$*+($-*".2$&-$1(--$04"3*$

*.0'-6".*0*&"'$%(,0'%$610''&':$0'%$(':&'((.&':$0'%$,".($04"3*$43&1%&':$36"'$*+($-+".*5*(.,$

-3//(--$")$0$*(,6".0.2$*0/*&/01$3.40'&-,$&,61(,('*0*&"'A$

_+&1($*+($/3..('*$&'/0.'0*&"'$")$#+0*$&-$:('(.0112$9'"#'$0-$*0/*&/01$3.40'&-,$-6."3*(%$).",$

*+($)&.-*$`0.9I&':J$F02$&'$80'$K.0'/&-/"$&'$QaaS=$*+($,"?(,('*$/0'$*.0/($&*-$.""*-$0-$)0.$40/9$0-$

Q[!"$/('*3.2$`0.&-$#&*+$*+($6"6536$4""9$?('%".-$01"':$*+($8(&'($0'%$10*(.$*+($`102$8*.((*-$")$

G(#$b".9$0'%$c"'%"'$).",$*+($)&.-*$+01)$")$*+($*#('*&(*+$/('*3.2$Ic2%"'=$B0.*,0'$(*$01A$CDQCJA$ $

@+($9(2$/"'/(6*$4(+&'%$*0/*&/01$3.40'&-,$O$01-"$9'"#'$0-$Fdb$3.40'&-,=$6"6536$3.40'&-,=$0'%$

:3(.&110$3.40'&-,$O$&-$*+($&%(0$*+0*$*(,6".0.2$&'*(.?('*&"'-$/0'$+(16$:0.'(.$0'$3'%(.-*0'%&':$

")$#+0*$&'*(.?('*&"'-$,&:+*$#".9$&'$0$60.*&/310.$/"'*(]*$0'%$102$*+($)"3'%0*&"'$)".$,".($

6(.,0'('*$"'(-A$@+&-$04&1&*2$)".$0$/&*2$*"$1(0.'$/0'$0/*30112$4($1&'9(%$*"$"'($")$*+($,"-*$

,01&:'(%$'0,(-$&'$/&*2$610''&':^$c($H".43-&(.$I</K0.10'($CDQQJA$ $ _+&1($c($H".43-&(.L-$%(-&:'-$

,02$'"*$+0?($-*""%$*+($*(-*$")$*&,(=$+&-$*+(".2$*+0*$3.40'&-,$/0'$0'%$,3-*$4($.(1(0.'(%$)&*-$

.&:+*$&'*"$*+($/.((%$")$*0/*&/01$3.40'&-*-$(?(.2#+(.(A$ $ 8&,&10.12=$B(1$e(%%(-L$K3*3.0,0$(]+&4&*$

0*$*+($QaTa$_".1%L-$K0&.$6."?(%$*"$4($0'$(]*.(,(12$())(/*&?($#02$*"$*.0'-10*($0'$04-*.0/*$0'%$

)3'%0,('*0112$%&))(.('*$('?&-&"'&':$")$0$/&*2$&'*"$6("61(-L$,&'%-A$ $ K".$B(1$e(%%(-=$*+($_".1%L-$

K0&.$+066('(%$*"$4($*+($6(.)(/*$"66".*3'&*2$)".$6."M(/*&':$+&-$?&-&"'X$)".$F('?(.L-$0'%$*+($

+(.(*")".($3'5\,(.&/0'$/"'/(6*301&N0*&"'$")$0$4&9($-+0.&':$-2-*(,=$*+0*$"66".*3'&*2$#0-$)"3'%$

#&*+$*+($CDDE$F(,"/.0*&/$G0*&"'01$H"'?('*&"'$IFGHJA$ $ $ $ $

d'$CDDU=$<02".$f"+'$!&/9('1""6(.$%(/10.(%$*+0*$*+($)".*+/",&':$FGH$#"31%$4($*+($g:.(('(-*$

&'$*+($+&-*".2$")$,0'9&'%h$IF('?(.$B5H2/1($CDQCJA$ $ _&*+$*+&-$6."/10,0*&"'=$F('?(.L-$
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*"*01&':$C[=V[T$,&1(-$"?(.$*+($/"3.-($")$*+($CDDE$FGH$IF('?(.$B5H2/1($CDQCJA$_($*+('$%(-/.&4($

*+($())".*-$*+0*$#('*$&'*"$*3.'&':$*+&-$*0/*&/01$3.40'&-,$(]6(.&,('*$&'*"$0$6(.,0'('*$.(01&*2=$

*+($)&.-*$")$&*-$9&'%$&'$*+($7A8A$ $ @+&-$/0-($-*3%2$")$*+($F('?(.$4&9($-+0.&':$-2-*(,$&-$6.(/(%(%$

42$0$.(?&(#$")$1&*(.0*3.($.(10*(%$*"$4"*+$4&9($-+0.&':$0'%$*0/*&/01$3.40'&-,=$)"11"#(%$42$0$

%&-/3--&"'$")$*+($1(--"'-$*"$4($1(0.'(%$).",$*+(-($&'/.(,('*01$610''&':$())".*-$&'$F('?(.A$

!
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LITERATURE REVIEW 
@+($(]&-*&':$0/0%(,&/$1&*(.0*3.($-*.0'%-$.(10*(%$*"$4&9($-+0.&':$0'%$*0/*&/01$3.40'&-,$0.($-*&11$&'$

*+(&.$&')0'/2A$ $ !"#(?(.=$'(&*+(.$/"'/(6*$&-$60.*&/310.12$'(#A$ $ d'$*(.,-$")$4&9($-+0.&':=$,"-*$

")$*+($(0.12$&,61(,('*0*&"'-$#(.($40-(%$&'$P3."6($0'%$/"31%$/+0.0/*(.&-*&/0112$4($%(-/.&4(%$0-$

6"".12$".:0'&N(%$IF(<0&"$CDDTJA$ $ 83/+$-2-*(,-$O$40-(%$36"'$,09&':$"1%(.$4&/2/1(-$0?0&1041($

).(($*"$4($3-(%$42$0'2"'($O$*26&/0112$%&-&'*(:.0*(%$>3&/912=$(-6(/&0112$#&*+"3*$0'2$-(/3.&*2$".$

,0&'*('0'/($-*.0*(:&(-$&'$610/(A$ $ _&*+$*(/+'"1":&/01$0%?0'/(,('*-$/0,($4(**(.$".:0'&N0*&"'$

0'%$:.(0*(.$?&04&1&*2=$60.*&/310.12$&'$_(-*(.'$P3."6($%3.&':$*+($10*($CD*+$/('*3.2$IF(<0&"$0'%$

e&))".%$CDDVX$8+0+(('=$e3N,0'$(*$01A$CDQDJA$ $ \-$")$CDQC=$*+(.($0.($,".($*+0'$Q[S$/&*&(-$

#".1%#&%($#&*+$6341&/$-+0.&':$-2-*(,-$O$&'/13%&':$,".($*+0'$0$%"N('$/&*&(-$#&*+$-2-*(,-$")$QDD$

4&9(-$".$,".($&'$*+($7'&*(%$8*0*(-$IF(<0&"$0'%$<(%%&'$CDQCJA$ $ _&*+$*+&-$6."1&)(.0*&"'$+0-$

/",($0$1"*$")$0**('*&"'=$43*$3'*&1$.(/('*12=$?(.2$1&**1($0/0%(,&/$.(-(0./+$IF3?011$CDQCJA$ $ <"-*$

")$*+&-$.(-(0./+$#0-$6341&-+(%$"?(.$*+($10-*$*#"$2(0.-$#&*+$)"/3-(-$.0':&':$).",$*.0?(1$

4(+0?&".-$&'$H+&'0$I8+0+(('=$i+0':$(*$01A$CDQQJ$*"$+(01*+$"3*/",(-$&'$860&'$Ij"M0-5j3(%0=$

G0N(11($(*$01A$CDQQJA$ $ @+($-*".2$*+0*$+0-$2(*$*"$4($0%(>30*(12$*"1%$&-$+"#$#($:"*$*"$*+&-$6"&'*$

+(.($&'$*+($7A8A$ $ <".($-6(/&)&/0112=$+"#$/"31%$-",(*+&':$1&9($0$10.:(5-/01($6341&/$4&9($-+0.&':$

-2-*(,$O$*+0*$)(#$4(1&(?(%$?&041($)".$(?('$*+($,"-*$4&9(5).&('%12$7A8A$/&*&(-$O$)&.-*$0/+&(?($7A8A$

-3//(--$&'$0'$03*","4&1(5".&('*(%$/&*2$-3/+$0-$F('?(.;$ $ @+($0'-#(.$-3::(-*-$0$.(10*&"'-+&6$*"$

*+($*+(".&(-$")$*0/*&/01$3.40'&-,=$#+&/+$#&11$4($(]61".(%$)3.*+(.$&'$*+($.(,0&'%(.$")$*+&-$

-(/*&"'A$

@0/*&/01$3.40'&-,=$1&9($4&9($-+0.&':=$&-$0'$3'%(.-*3%&(%$*"6&/$&'$0/0%(,&0A$ $ c2%"'$(*$01A$ICDQCJ$

1&-*$*+($)"11"#&':$)&?($9(2$/+0.0/*(.&-*&/-$")$*0/*&/01$3.40'&-,$&'$*+(&.$#(115.(:0.%(%$:3&%(4""9-^$

QA g\$%(1&4(.0*(=$6+0-(%$066."0/+$*"$&'-*&:0*&':$/+0':(X$

CA \'$"))(.&':$")$1"/01$&%(0-$)".$1"/01$610''&':$/+011(':(-X$ $

TA 8+".*5*(.,$/",,&*,('*$0'%$.(01&-*&/$(]6(/*0*&"'-X$

VA c"#5.&-9-=$#&*+$0$6"--&412$+&:+$.(#0.%X$0'%$

SA @+($%(?(1"6,('*$")$-"/&01$/06&*01$4(*#(('$/&*&N('-$0'%$*+($43&1%&':$")$".:0'&N0*&"'01$

/060/&*2$4(*#(('$6341&/k6.&?0*($&'-*&*3*&"'-=$'"'56.")&*kGeZ-=$0'%$*+(&.$/"'-*&*3('*-h$

Ic2%"'=$B0.*,0'$(*$01A$CDQQX$c2%"'=$B0.*,0'$(*$01A$CDQCJA$ $
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F(-6&*($4(&':$0$-",(#+0*$*.('%2$*"6&/=$,0'2$")$*+($*+(".&(-$*+0*$/",6.&-($*0/*&/01$3.40'&-,$

0.($'"*$60.*&/310.12$'"?(1A$ $ </K0.10'($ICDQQJ$6"&'*-$*+&-$"3*$&'$+&-$606(.$04"3*$*+($/&*2$0-$0$

1(0.'&':$,0/+&'($0'%$*+($/"''(/*&"'$*"$3.40'$/+0':($I</K0.10'($CDQQJA$ $ d'$"*+(.$#".%-=$

*0/*&/01$3.40'&-,$&'*('%-$*"$*.0'-10*($0'%$*.0'-)".,$9'"#1(%:($*+."3:+$0'$&')".,01$1(0.'&':$

6."/(--A$ $ @+($-"5/011(%$l1(0.'&':L$6."/(--$O$*+0*$&-$)3'%0,('*01$*"$*0/*&/01$3.40'&-,$O$

)0/&1&*0*(-$0'$3'%(.-*0'%&':$")$+"#$%&))(.('*$/",,3'&*&(-$I&A(A$*.0))&/$(':&'((.-=$3.40'$

610''(.-=$6"1&*&/&0'-=$43-&'(--$"#'(.-=$0'%$*+($:('(.01$6341&/J$.(-6"'%$*"$&'*(.?('*&"'-$

I</K0.10'($CDQQJA$ $ </K0.10'($:"(-$"'$*"$%(-/.&4($0$4""9$42$H011"'$(*$01A=$#+&/+$&-$'"*$04"3*$

3.40'&-,$&'$*+($1(0-*=$43*$"'($#+(.($*+($1(--"'-$06612$I</K0.10'($CDQQJA$ $ d'$*+0*$#".9=$H011"'$

(*$01A$6".*.02$#+0*$*+(2$/011$l+24.&%L$)".3,-$#+(.($/",6(*&':$&'*(.(-*-$/.(0*($9'"#1(%:($

/"'*."?(.-&(-$*+0*$/0'$4(-*$4($-"1?(%$42$/"11(/*&?($(]6(.&,('*0*&"'$IH011"'=$c0-/"3,(-$(*$01A$

CDDaJA$ $ H&*&(-$/(.*0&'12$+0?($/",6(*&':$&'*(.(-*$:."36-$0'%$3.40'&-,$&-$'"*$&,,3'($*"$

9'"#1(%:($/"'*."?(.-&(-$4(*#(('$*.0))&/$(':&'((.-=$3.40'$610''(.-=$6"1&*&/&0'-=$43-&'(--$

"#'(.-=$0'%$*+($:('(.01$6341&/A$ $ @0/*&/01$3.40'&-,$&-$*+3-$0$:.(0*$.(-6"'-($)".$/.&*&/0112$

0--(--&':$3'/(.*0&'*2$0'%$)0/&1&*0*&':$9'"#1(%:($*"#0.%$/&*2$.(1(0.'&':A$ $ d'$*+($#".%-$")$

\'0/103%&0$j"--40/+=$*+($%&.(/*".$")$0$B.0N&1&0'$)"3'%0*&"'$*+0*$0%%.(--(-$3.40'$6"?(.*2^$

g@019&':$&-$&,6".*0'*=$43*$d$:3(--$-((&':$&*$"'$*+($:."3'%m$2"3$-(($*+0*$&*$+0-$/.(%&4&1&*2h$

I</K0.10'($CDQQJA$ $ $

@+&-$4.0'%$")$-*.0&:+*)".#0.%=$&*(.0*&?($*+&'9&':$*+0*$*0/*&/01$3.40'&-,$6.","*(-$-((,-$*"$+(16$

6."?&%($0$)"3'%0*&"'$)".$*+($(,(.:('/($")$'(#$3.40'$60.0%&:,-A$ $ @+($4&9($-+0.&':$-2-*(,$&'$

F('?(.$0%+(.(%$*"$*+(-($*+(".&(-$")$&*(.0*&?($3.40'$1(0.'&':=$0'%$&*$&-$%&))&/31*$*"$-02$*+0*$*+($

-2-*(,$#"31%$+0?($4(('$)3112$&,61(,('*(%$"*+(.#&-(A$ $ @+($)"11"#&':$-(/*&"'-$%(*0&1$*+0*$

(?"13*&"'$")$*+($F('?(.$4&9($-+0.&':$-2-*(,$).",$0$*0/*&/01$3.40'&-,$&'*(.?('*&"'$O$&'&*&0112$

6.","*(%$0-$0$*(,6".0.2$:.(('$*.0'-6".*0*&"'$-"13*&"'$)".$0$,0M".$(?('*$O$&'*"$0$6"*('*&0112$

*.0'-)".,0*&?($6(.,0'('*$-"13*&"'$)".$0$/&*2A$ $ $

$

$

CASE STUDY 
\$,0M".$/",6"'('*$")$*+($610''&':$6."/(--$)".$*+($\3:3-*$CDDE$F(,"/.0*&/$G0*&"'01$

H"'?('*&"'$IFGHJ$&'$F('?(.$#0-$0$:"01$*"$.(%3/($*+($/0.4"'$)""*6.&'*$")$*+($(?('*A$<02".$f"+'$

!&/9('1""6(.L-$e.(('6.&'*$F('?(.$&'&*&0*&?($+0%$6.(?&"3-12$0--(,41(%$-6(/&01&N(%$6(.-"''(1$*"$

&,6."?($*+($('?&."',('*01$-3-*0&'04&1&*2$")$*+($/&*2=$0'%$-(?(.01$e.(('6.&'*$6(.-"''(1$4(/0,($

&'?"1?(%$#&*+$FGH$610''&':$())".*-A$ $ d'$10*($CDDU=$0$4&9(5-+0.&':$-34/",,&**(($(,(.:(%$*"$

-*3%2$*+($6"--&4&1&*2$")$/"'%3/*&':$0$*(,6".0.2$4&9($-+0.&':$(]6(.&,('*$%3.&':$*+($FGHA$ $ @+($

-34/",,&**(($(-*041&-+(%$60.*'(.-+&6-$#&*+$B&9(-$B(1"':=$0$4&/2/1($&'%3-*.2$'0*&"'01$0%?"/0/2$

:."36=$0'%$!3,0'0$!(01*+/0.(=$0$6.&?0*($+(01*+/0.($/",60'2A$ $ B&9(-$B(1"':$#".9(%$#&*+$

4&/2/1($/",60'&(-$*"$0/>3&.($'(#$4&/2/1(-$%"'0*(%$)".$*+($6."M(/*=$#+&1($!3,0'0$6."?&%(%$

)3'%&':$)".$6."M(/*$,0'0:(,('*$0'%$-*0))A$ $ d'%&?&%301-$).",$1"/01$4&/2/1($:."36-=$-3/+$0-$*+($
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F('?(.$<02".L-$B&/2/1($\%?&-".2$H",,&**((=$B&9(F('?(.=$0'%$B&/2/1($H"1".0%"$/"'*.&43*(%$

6.0/*&/01$9'"#1(%:($0'%$?"13'*((.$*&,($*"$*+($6."M(/*A$\11$('*&*&(-$&'?"1?(%$-0#$*+($,0&'$

4('()&*-$")$*+($6."M(/*$0-$0$#02$*"$6.(-('*$*+($/"'/(6*$")$4&9($-+0.&':$"'$0$'0*&"'01$-*0:($0'%$

*"$(]6"-($/"'?('*&"'$0**('%((-$*"$*+($/"'/(6*$")$3*&1&*0.&0'$4&/2/1&':A$ $ <".($&,6".*0'*12=$

*+(2$-0#$*+&-$0-$0'$"66".*3'&*2$*"$(]6"-($4&9($-+0.&':$*"$1"/01$.(-&%('*-$0'%$*+($6"#(.-$*+0*$

4(A$ $ $

F3.&':$*+($(&:+*$,"'*+-$6.(/(%&':$*+($FGH=$*+($4&9(5-+0.&':$-34/",,&**(($,(*$-(?(.01$*&,(-$

0$#((9$*"$610'$0'%$/"".%&'0*($*+($*(,6".0.2$4&9(5-+0.&':$6."M(/*=$9'"#'$0-$gK.((#+((1&'LAh$ $

@+($-34/",,&**(($%(?(1"6(%$%(*0&1(%$610'-$)".$-&]$*(,6".0.2$-*0*&"'$1"/0*&"'-$&'$/('*.01$

F('?(.$*"$4($-*0))(%$42$?"13'*((.-$%3.&':$*+($)"3.$%02-$")$*+($/"'?('*&"'$IF3?011$CDDEJA$ $ @+($

610'-$#(.($&')".,(%$42$1"/01$9'"#1(%:($0'%$/",,3'&*2$(':0:(,('*=$#+(.($,(,4(.-$")$*+($

1"/01$4&/2/1($/",,3'&*2$#(.($0-9(%$*"$6."?&%($"':"&':$)((%40/9$0'%$.(-(0./+A$ $ \:.((,('*-$

#(.($-(/3.(%$)".$10'%$0//(--$)".$*+($-*0*&"'$-&*(-=$6."/(%3.(-$0'%$*(/+'"1":2$#(.($%(?(1"6(%$

*"$0--(,41($0'%$,0'0:($*+($)1((*$")$4&9(-=$-*0))$0'%$?"13'*((.-$#(.($.(/.3&*(%$0'%$*.0&'(%=$0'%$

-0)(*2$0'%$-(/3.&*2$6."*"/"1-$#(.($/"".%&'0*(%$#&*+$*+($F('?(.$`"1&/($F(60.*,('*$0'%$*+($

8(/.(*$8(.?&/(A$ $

@+($6."M(/*$/0*012N(%$*+($1"/01$4&/2/1&':$/",,3'&*2$*"$%(?(1"6$-*."':(.$/"''(/*&"'-=$

(,6"#(.&':$*+($,0&'$0%?"/0/2$:."36$B&9(F('?(.$*"$(?"1?($).",$0$/0-301$/"11(/*&?($*"$0$,".($

6.")(--&"'01$".:0'&N0*&"'A$ $ @+($<02".L-$"))&/($#0-$(]*.(,(12$61(0-(%$#&*+$*+($

0//",61&-+,('*-$0/+&(?(%$&'$0$-+".*$*&,(=$0'%$(?('$4()".($*+($FGH$6."M(/*$+0%$4(('$

/"'%3/*(%=$*+($<02".$/011(%$36"'$*+($0--(,41(%$:."36$*"$('?&-&"'$0$,".($4&9(5).&('%12$

F('?(.A$ $ \66."]&,0*(12$TD$9(2$&'%&?&%301-$,(*$&'$f312$CDDE$*"$&%('*&)2$:"01-$*"#0.%$&'%3/&':$

,".($")$*+($6"6310*&"'$*"$&'/".6".0*($4&/2/1&':$)".$*.0'-6".*0*&"'$&'*"$%0&12$1&)($0'%$*"$4(:&'$

610'-$)".$0$6(.,0'('*$4&9(5-+0.&':$-2-*(,$*"$4($%(?(1"6(%$0'%$&,61(,('*(%$0-$-""'$0-$

6"--&41($IF3?011$CDDEJA$

@+($K.((#+((1&'L$6."M(/*$>3&/912$4(/0,($0$6.",&'('*$6341&/$)0/($")$*+($-3-*0&'04&1&*2$())".*-$")$

*+($/"'?('*&"'$0'%$.(/(&?(%$6.",&'('*$,(%&0$0**('*&"'A$ $ F('?(.$0'%$FGH$"))&/&01-$

('/"3.0:(%$/"'?('*&"'$0**('%((-$0'%$*+($:('(.01$6341&/$*"$3-($K.((#+((1&'L$4&9(-$".$6.&?0*(12$

"#'(%$4&9(-$*"$.(%3/($*.0))&/$/"':(-*&"'A$ $ 83%%('12=$4&/2/1&':$+0%$4(/",($6"6310.$#&*+$*+($

6341&/$0-$*+($)0-*(-*$#02$*"$*.0?(.-($%"#'*"#'$F('?(.=$#+&/+$#0-$/+"9(%$#&*+$*.0))&/$0'%$

-(/3.&*2$/+(/96"&'*-$)".$*+($/"'?('*&"'A$ $ F3.&':$*+($)&'01$%02$")$*+($/"'?('*&"'=$,".($*+0'$

SDD$")$*+($-+0.(%$4&9(-$0'%$,".($*+0'$Q=DDD$6.&?0*(12$"#'(%$4&9(-$#(.($60.9(%$0*$d'?(-/"$

K&(1%$)".$*+('5/0'%&%0*($B0.0/9$Z40,0L-$0//(6*0'/($-6((/+A$

K"11"#&':$*+($-3//(--$")$*+($K.((#+((1&'L$4&9($-+0.&':$-2-*(,$%3.&':$*+($FGH=$e.(('6.&'*$

F('?(.$-(.?(%$0-$0'$&'/340*".$)".$*+($%(?(1"6,('*$")$6(.,0'('*$4&9($-+0.&':$&'$F('?(.A$ $

B&9(F('?(.$0'%$e.(('6.&'*$M"&'*12$)"-*(.(%$*+($F('?(.$B&/2/1($d'&*&0*&?(=$0$/"'*&'30*&"'$")$*+($
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())".*$")$*+($4&9(5-+0.&':$-34/",,&**(($)".$*+($FGHA$ $ 8"$#+('$*+($CDDE$F('?(.$!"-*$

H",,&**(($#0-$1""9&':$*"$,09($0$/+0.&*041($%"'0*&"'$*+0*$#"31%$4('()&*$*+($/&*2=$*+(2$%(/&%(%$

*"$%"'0*($YQ$,&11&"'$*"$(-*041&-+$F('?(.$B&9($8+0.&':=$0$'"'56.")&*$-(*$36$*"$"#'$0'%$"6(.0*($

*+($(?('*301$6(.,0'('*$4&9(5-+0.&':$-2-*(,$IF('?(.$B5H2/1($CDQCJA$ $ c"/01$/&?&/$0'%$43-&'(--$

1(0%(.-$:0*+(.(%$*+(&.$-366".*$4(+&'%$F('?(.$B&9($8+0.&':=$0--&-*&':$#&*+$1(:01$#".9$0'%$

0%%&*&"'01$)3'%.0&-&':A$ $ @+($H&*2$")$F('?(.$#0-$?(.40112$-366".*&?($")$*+($%(?(1"6,('*$")$

F('?(.$B&9($8+0.&':=$43*$*+($6."M(/*$#0-$)3'%(%$('*&.(12$*+."3:+$6.&?0*($,(0'-$IF('?(.$

B5H2/1($CDQCJA$ $

\'$0)*(.())(/*$")$*+($FGH$K.((#+((1&'L$4&9(5-+0.&':$6."M(/*$#0-$*+($%(?(1"6,('*$")$B5/2/1(=$0$

4&9(5-+0.&':$(>3&6,('*$?('%".$3'%(.$*+($%&.(/*&"'$")$@.(9$B&/2/1($H".6".0*&"'A$ $ B5/2/1($

60.*'(.(%$#&*+$F('?(.$B&9($8+0.&':$&'$%(?(1"6,('*$0'%$)&(1%5*(-*&':$")$&*-$4&9(5-+0.&':$

(>3&6,('*A$ $ P0.12$&*(.0*&"'-$(,(.:(%$0-$-,011$*(-*$)1((*-A$ $ d'$CDDa=$CD$.(*.")&**(%$4&9(-$0'%$

*#"$-*0*&"'-$#(.($,0%($0?0&1041($*"$F('?(.$/&*2$(,61"2((-A$\$-(/"'%$*(-*$)1((*$3-(%$VD$

63.6"-(543&1*$4&9(-=$)".$3-($"'12$42$F('?(.$7'&?(.-&*2$-*3%('*-A$K&'0112=$"'$\6.&1$CC=$CDQD=$*+($

F('?(.$B5/2/1($-2-*(,$/0,($"'1&'(=$&'&*&0112$#&*+$VQD$4&9(-$0*$VQ$-*0*&"'-$0."3'%$%"#'*"#'$

F('?(.A$

d'$*0'%(,$#&*+$*+($%(?(1"6,('*$0'%$*(-*&':$")$(>3&6,('*=$*+($H&*2$")$F('?(.$,0%($())".*-$*"$

3'%(.-/".($0$-*."':(.$/",,&*,('*$*"$-366".*&':$4&/2/1($3-(A$ $ F('?(.$+&.(%$&*-$)&.-*$%(%&/0*(%$

4&9(k6(%(-*.&0'$610''(.$&'$,&%$CDDa$0'%$4(:0'$/"'/(.*(%$())".*-$*"$(]60'%$0'%$/"''(/*$&*-$"'5$

0'%$"))5-*.((*$4&/2/1($)0/&1&*&(-A$ $ H"'/3..('*12=$F('?(.$<"?(-$O$0$6."M(/*$&'*('%(%$*"$%(?(1"6$0$

/",6.(+('-&?($610'$*"$-366".*$4&/2/1&':$"6*&"'-$&'$*+($/&*2$O$4(:0'A$ $ H",,3'&*2$(':0:(,('*$

&')".,(%$*+($/".($")$*+($F('?(.$<"?(-$610'=$#+&/+$"3*1&'(-$&').0-*.3/*3.(=$6"1&/2=$0'%$-"/&01$

:"01-=$&'/13%&':$0$QSW$4&/2/1&':$0'%$#019&':$/",,3*($,"%($-+0.($42$CDCD$IH&*2$0'%$H"3'*2$")$

F('?(.$CDQQJA$ $ <0'2$")$*+($&'%&?&%301-$0'%$:."36-$/('*.01$*"$*+($%(?(1"6,('*$")$F('?(.$

<"?(-$)&.-*$/0,($*":(*+(.$&'$*+($())".*$*"$610'$)".$*+($FGH$4&9(5-+0.&':$6."M(/*A$ !

!

!

DISCUSSION 
\-$%(-/.&4(%$&'$*+($6.(/(%&':$/0-($-*3%2=$*+($/"".%&'0*(%$())".*$*"$%(?(1"6$*+($*(,6".0.2$

K.((#+((1&'L$4&9(5-+0.&':$-2-*(,$)".$*+($CDDE$FGH$#0-$*+($6.&,0.2$/0*012-*$)".$#&%($-/01($

&,61(,('*0*&"'$")$F('?(.$B5H2/1(=$#+(.($4&/2/1&':$&-$'"#$,".($&'*(:.0*(%$&'*"$%0&12$1&)(A$ $

j&%(.-$")$*+($%&-*&'/*&?($.(%$4&9(-$0.($'"#$?&-&41($"'$'(0.12$0'2$-*.((*$&'$/('*.01$%"#'*"#'=$0'%$

*+($4&9(-$+0?($4(/",($&/"'&/$")$F('?(.$&*-(1)A$ $ d*$&-$'"*$3'3-301$*"$-(($*+($.(%$4&9(-$0*$"3*%"".$

6341&/$(?('*-=$-6".*-$?('3(-=$".$(?('$&'$#(%%&':$6."/(--&"'-A$ $ @+.(($/"'-(/3*&?($<02".-$")$

F('?(.$+0?($4(('$6+"*":.06+(%$"'$*+($.(%$4&9(-$0*$,31*&61($(?('*-A$ $ F('?(.$B5/2/1($+0-$

/"'-6&/3"3-12$4(/",($#"?('$&'*"$*+($-"/&01$)04.&/$")$*+($/&*2A$ $
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B(2"'%$*+($)1((*$")$F('?(.$B5/2/1($4&9(-=$4&/2/1&':$&'$:('(.01$+0-$4(('$"'$*+($.&-($&'$F('?(.$

-&'/($*+($CDDE$FGHA$ $ B(*#(('$CDDS$0'%$CDDE=$*+($4&/2/1($/",,3*(.$,"%($-+0.($&'$F('?(.$

.0':(%$4(*#(('$QAVW$0'%$QAEWX$&'$CDQD=$*+($)&:3.($."-($*"$CACW$0'%$*+('$0:0&'$*"$CAVW$&'$CDQQ$

0-$%(6&/*(%$&'$K&:3.($Q$Ic(0:3($")$\,(.&/0'$B&/2/1&-*-$CDDaX$\H8$CDQCJA$ $ `0.*$")$*+&-$.&-($&-$

0**.&43*041($*"$F('?(.$B5/2/1(^$_&*+$+&:+12$?&-&41($B5H2/1(-$"'$*+($-*.((*=$,".($6("61($0.($

/",6(11(%$*"$01-"$4&/2/1(=$#+(*+(.$"'$-+0.(%$".$6.&?0*($4&/2/1(-A$ $ H"361(%$#&*+$())".*-$*"$

&,6."?($4&/2/1($&').0-*.3/*3.($0'%$*"$6.","*($4&/2/1($3-(=$F('?(.$+0-$,0%($%.0,0*&/$6.":.(--$

&'$0$-+".*$6(.&"%$")$*&,(A$ $ Z*+(.=$.(10*(%$())".*-$-""'$)"11"#(%A$ $ K".$(]0,61(=$*+($/&*2L-$

.(/('*$60--0:($")$0$'(#$*.0'-6".*0*&"'$6"1&/2$)".$g,"?&':$6("61($&'-*(0%$")$/0.-h$IH&*2$0'%$

H"3'*2$")$F('?(.$CDQQJ$+0-$+(16(%$,0&'*0&'$*+($/&*2L-$,",('*3,$)".$*.0'-)".,&':$&*-$3.40'$

('?&."',('*$*"#0.%$%(/.(0-(%$/0.$%(6('%('/2$0'%$&'/.(0-(%$610/(,09&':=$+(01*+=$0'%$>301&*2$

")$1&)($IK.0'9=$\'%.(-('$(*$01A$CDDVX$c3/0-$CDDaJA$ $

$

$

$

$

$

$

$

$

$

$

$

$

"#$%&'!(! ! )*+,+-.!/01.!2345.!60!7058!905!:*6,!09!;.<=.5! !

>?.4@A.!09!BC.5*+4<!)*+,+-*D6D!EFFGH!B:2!EF(EIJ$ $ !
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@+($6.(-('/($")$F('?(.$B5/2/1($-*0*&"'-$&'$0$'(&:+4".+""%$".$/"3'/&1$%&-*.&/*$&-$(,41(,0*&/$0-$

0'$&,6."?(,('*$*"$*+($43&1*$('?&."',('*$")$0$/",,3'&*2A$ $ d'$(?&%('/($")$*+&-=$H"3'/&1,0'$

`031$c"6(N$&--3(%$0$?"*($&'$6."*(-*$")$*+($(]60'-&"'$")$*+($-2-*(,$I<(2(.$CDQCJA$ $ !"#(?(.$

#+&1($c"6(N$&-$-366".*&?($")$F('?(.$B5/2/1(=$+($#"31%$1&9($)".$*+($-2-*(,$*"$4($,".($0?0&1041($

*"$/&*&N('-$")$+&-$%&-*.&/*$I@+($F('?(.$`"-*$CDQCJA$ $ F('?(.$B5/2/1(=$0-$0$'"'56.")&*$0'%$)0&.12$

'(#$('*&*2$+0-$0$1&,&*(%$43%:(*$)".$(]60'-&"'A$ $ @+3-=$&*$.(/(&?(-$)0.$,".($.(>3(-*-$)".$,".($

-*0*&"'$1"/0*&"'-$*+0'$&*$&-$/3..('*12$041($*"$0//",,"%0*(A$ $ b(*=$&*$&-$&113-*.0*&?($")$*+($-*.(':*+$

")$-*.&?&':$)".$&,6."?(,('*$")$/",,3'&*2$>301&*2$")$1&)($*+0*$*+&-$'(#$/"'/(6*$+0-$01.(0%2$4(('$

&%('*&)&(%$0-$0$%(-&.041(=$0-6&.0*&"'01$(1(,('*A$ $

 

CONCLUSIONS 
@+0*$*+($)&.-*$4&9($-+0.&':$-2-*(,$&'$*+($7'&*(%$8*0*(-$4(:0'$0-$0$*0/*&/01$3.40'&-,$&'*(.?('*&"'$

&-$>3&*($.(,0.9041($0'%$&113-*.0*&?($")$*+($6"*('*&01$")$*+&-$-*.0*(:2A$ $ _+0*$#0-$&'&*&0112$

%(-&:'(%$0-$0$*(,6".0.2$:.(('$*.0'-6".*0*&"'$-"13*&"'$)".$*+($F(,"/.0*&/$G0*&"'01$H"'?('*&"'$

&'$F('?(.=$H"1".0%"=$CDDE$&-$'"#$0,"':$*+($,"-*$-3//(--)31$7A8A$4&9($-+0.&':$-2-*(,-$&'$0$/&*2$

+&-*".&/0112$9'"#'$)".$&*-$+&:+$%(6('%('/($"'$03*","4&1(-A$ $ H"'-&-*('*$#&*+$*+($9(2$

/+0.0/*(.&-*&/-$")$*0/*&/01$3.40'&-,$%(-/.&4(%$42$c2%"'$(*$01A$ICDQCJ=$*+($FGH$-(.?(%$0-$0$-*."':$

/0*012-*$)".$4.&':&':$*":(*+(.$6341&/$0'%$6.&?0*($60.*'(.-+&6-$0'%$1"/01$/&*&N('-$*"$".:0'&N(=$

610'=$0'%$6.","*($4&/2/1(-$0-$*.0'-6".*0*&"'A$ $ @+($/&*2$:0&'(%$/"'-&%(.041($1"/01$0'%$'0*&"'01$

0//10&,$)".$&*-$*(,6".0.2$K.((#+((1&'L$6.":.0,$0'%$#0-$041($*"$1(?(.0:($&*-$1(0.'&':=$-3//(--=$

0'%$/06&*01$I6"1&*&/01=$(/"'",&/$0'%$-"/&01J$&'$%(?(1"6&':$0$6(.,0'('*$4&9($-+0.&':$-2-*(,=$

F('?(.$B5H2/1(=$M3-*$"?(.$*#"$2(0.-$10*(.A$ $

B&9($-+0.&':$&'$*+($7A8A$&-$-*&11$&'$'0-/('*$-*0:(-$43*$&-$1&9(12$*"$-6.(0%$*"$'3,(."3-$/&*&(-$&'$*+($

/",&':$2(0.-A$ $ G"*$(?(.2$/&*2$&'$#+&/+$0$4&9($-+0.&':$-2-*(,$&-$&,61(,('*(%$#&11$+0?($0$+&:+$

6.")&1($(?('*$&'$#+&/+$*+($/",,3'&*2$&-$:01?0'&N(%$*"$-366".*$4&/2/1&':=$43*$&)$-3/+$

"66".*3'&*&(-$0.&-(=$*+(2$/0'$4($")$:.(0*$4('()&*A$ $ `13-=$1(--"'-$-3/+$0-$*+"-($1(0.'(%$&'$F('?(.$

/0'$0%?0'/($3.40'$6"1&/2$*.0'-)(.$0/."--$"*+(.$/&*&(-$I83*/1&))($QaEQX$<0--(.$0'%$_&11&0,-$QaE[X$

G0-.$0'%$n"10&*$CDDTX$R&':$CDDVX$</H0''$0'%$_0.%$CDQDJA$ $ G(?(.*+(1(--=$F('?(.$#"31%$

6."40412$'"*$+0?($0//",61&-+(%$*+($-0,($1(?(1$")$0/+&(?(,('*-$&*$+0-$(]6(.&('/(%$%3.&':$0$

)"3.52(0.$*&,().0,($#&*+"3*$*+($/""6(.0*&?($())".*-$1(0%&':$36$*"$*+($CDDE$FGHA$ $ \$*0/*&/01$

3.40'&-,$066."0/+$&'-6&.(%$42$*+($63.-3&*$")$*(,6".0.2$4&9($-+0.&':$+0-$1(%$*"$1"':5*(.,$

6"-&*&?($&,60/*-$&'$*.0'-6".*0*&"'$4&/2/1&':$&'$F('?(.=$0'%$/"'*.&43*(%$*"$%(-&.041($"3*/",(-$

)".$*+($/",,3'&*2$0*$*+($6.(-('*=$0'%$)".$2(0.-$*"$/",(A$

$

$

$ $
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