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 ;Koch, 1969; Alexander, 1979; Lynch, 1972n
"xLowenthal, 1985; Schama, 1995; Kaplan & Wendt, 1972
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"\$g,H "B5N.B"A'H�e'(TU* "0 "'T3 "A'T�&"\(C "�M(/&"<r'y"�(>V*
"5HB"23 "ADO"23 "FY,;"'(()*"+,-.,(/&"0"FGH.,*"<=>&"+,-"12.3
"EB,8$Q3",C"0"F8(6"B'KH0.",C"A,$Q3."\H3".B"A'}l-0ze"4PQ3"D,%6,Q
"t3�Q"�Q,e"\$g,H"<C"FV(G=*"0"Fg']"+3M$>&"j(=>*"10."23
"<=>& "P(8(6 "dH3:g3 "PRL ".B "oF*3'(()* "`(-3MGC "'w3� "F=N3
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Fig.1. The neighborhoods respectively from top to bottom: 
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 !"#$%&'()'*+,-.+/0+&1+23+,4456+7'82'49:+;+<=>2'6+?@A:+7'8+B/20%C !D+&'E1+;+,F:+%G83/0;3+H'*+%+ #+I2'JK

 T#y>?' ! ~L0f ! dPl7(1D ! PSH?#> T#( _.?' ~L0 ! 9'1C0'f
 1A$ .' X/K 1, U!�; I@V8 )H#;? 1**=> ?@ :H#, dF+4& .!? T#( _.?'
 T1*E �*WZ> �+CS& p0'1& ?@ d9@1& )M?#<&f ?#*`& X/#7M#J
 X}J#7& T1*E �*WZ> Fn*C$ ?@ ! �*-@ )6#78 T'1, X1**=> )oc
 ?@ X#( Fe0#Z& ?@ I)J' U:8 U:H@ )*W(' wH#0 P+5' ?#*`& /'V7; F,
 /K _1H�] /@V, PoH:, )+; F, X/#ZZSC& 9VJ ?#*`& #, �#e>?'

I)D1l$ "?V5 P<J1] 9@1& .' X?#*`& �H /'V7; F,

@,AB4"C$D$,-).&/$3&4$5*.+$EFG$D$ +"HG+I$J$KD+$.&=?#
g @V8 P& �H1`> 1H. @?'V& ?@ 9@1& 1A$ m#J' 1, z!' ?#*`& T#(?#*`&1H. 

012#$LM&N+$L)&O.
 Xd)&:-f T#( _.?' ~L0 ?#*`& 1H. BH' X)R#5' �H1`> F, FcV> #,

I@1M :('V6 B*&O> '? T:eR#M dPH#eH.f ! d/@V, @1D F,1Z47&f

$012#$;(GD$D$,AB4&P4$L)&O.
 )H#;?  #,  ?#*`&  BH'  X9@1&  t12  .'  U:8   FH'?'  T#(:M  m#J' 1,
 !  #( �#e>?'  )H#;?  Fn*C$  ?@  !  dPli?#j%H  )H#;?f  ?#*`&  1H.
 ! T:eR#M ":0! ~L0 T'1, T?#C6#J ! T1Z, 1A$ .' #( PlCJV*]
 ?@ @VcV& T?#CD? T#( U#E?'1- ! P$#�$' T#( �#e>?' ~L0 ?#*`& 1H.

I:8 :('V6 )H#;? XT:eR#M1*� ":0! )oc ?@ F+4& )D#,

012#$L=Q-R$D$L)S4$L)&O.
 T#( PE�H! �!? BCD1E 1A$ ?@ #, ?#*`& BH' X#( Fe0#Z& F, FcV> #,
 XT:eR#M 1A$ .' Fi #( F+4& U:77MwH#WC& T#( PE�H! ! F+4& PH#�D
 U:&K @Vc! F, P$#�$' "#2#e>?' ! #(?#CD? :7$#& mVW+&#$ 1A$ .' Fi

I:8 :('V6 B*&O> III ! /K �CS& T#( B*HK ! F+4& 3�J ?@

,?PT$;+"U&V$ D+(/
 P%H  w*$  9@1&  1A$  ?@  P`Wc  "'12#6  :8  FCLE  FM  ?V2 /#W(

5*.+ !"#$%&'()!$*+$5*.+$3&4$0FMW#,7&XT$3&4"67$D$!&B9+$D$Y&QQ-H#$%&'()!$*+$5*.+$3&4$0FMW#

PSH?#>

 Pl7(#W(f  !  dPH#eH.f  Xd/@V,  @1D F,1Z47&f  Xd)&:-f
d":0! !

 )*L*Mf  XdP0'12  )*L*Mf  XdU:H'  )*L*Mf  Xd/@V,  @1D F,1Z47&f  Xd)&:-f
)D#, ?@ d?#NK B*, Pl7(#W( ! ":0! )*L*Mf ! d)`*e2 #, �#e>?'

Pl7(1D

 "'12#6f  !  dP;#WCc'  FH#&1Jf  Xd)HV(  !  )*ZS8f
dP`Wc

dPSH?#> FAD#0 ! P`Wc "'12#6 _.?'f ! dPCHV( _.?'f

.!?

 XdT@#ZC-' _.?'f XdT@1%+W; _.?'f XdT:eR#M _.?'f
dP8.V&K _.?'f ! dP;#WCc' _.?'f

dP;#WCc' _.?'f XdT@#ZC-' _.?'f XdT@1%+W; _.?'f XdT:eR#M _.?'f

IU:$?#l$ g �6O& I9@1& ! XP$#oc T#(1A$ ! @#7J' ! /#ZZSC& U#E:H@ .' PSH?#> F+4& T#( _.?' IY z!:c
+7D8-"'G"+,-"I785->"49",0>2460/78"1-0!,D46,44K"01"6-!76K"24"-OP-62>Q"I0-JP4012A"!84D78"K4/5E-12>"71K"P-4P8-Q>"4P01041"49G".456/-N"752,46G

 /@1%$ @?'!  F8:6  #,  :H#,  I)J'  PSH?#>  "�4&  T#( _.?'  .'
 T?#CD?  T#( U#E?'1-  ~L0  /K  �e>  F,  !  w*l$' U12#6  T#( /#%&  F,

I:*8VM /K )H#;? ?@ Xw*l$' U12#6

012#$,O&PHT+$0)&#"9$EFG
 P;#WCc'  FH#&1J  PSH?#>  "�4&  ?@  X9@1&  "'1A$  m#J' 1,
 @?'@  @Vc!  Pl7(1D  T#( _.?'  F;VWn&1H.  P8.?'  /'V7; F,
 T#( FLR^&  F,  FcV>  #,  I:8V%,  /K  ~L0  ?@  d1**=>f  :H#,  FM
 X@#WC;'  P7`H  XP;#WCc'  FH#&1J  T'1,  9#7>#]  GJV>  U:8  �H1`>
 #,  ?#*`&  BH'  Xh�v�  g�Y�Y  XT?#L�  !  #*M.'b  #( F%e8  !  ?#n7(
 }J#7&  �#e>?'  :7$#&  F+4&  ?@  @VcV&  }J#7&  "#2#e>?'  ~L0
I@V8 P& )H#;?  X@VcV&  9'1C0'  !  �( .'  #o$K  )6#78 X/#lH#�W( 

@012#$*D.$3&4$5*.+$3&Z/.+$D$EFGI$J$ D!$.&=?#
 BH' #, X)J' /#ZZSC& :7$#& 9@1& 1A$ .' #(?#*`&1H. X?#*`& BH' ?@
 X#o$K GJV> #( �6#8 FH'?' ! 9@1& /#*, ?@ #(?#*`&1H. FM "!#L>
 ~L0 F, /#7M#J B*7xW( I@?'@ @Vc! /#ZZSC& 1A$ #, PH#( "!#L>

I:$?'@ U?#8' ?#*`& 1H. �H /'V7; F, w*$ P8.V&K _.?'

3([M&\$!S[X:
 FM @V8 P& U:H@ T:eR#M @Vc! �*yC�&1*� ?V2 F, X9@1& /#*, ?@
 TwH? F&#$1, T'1, PH#( )*`-V& FM P8.?' /'V7; F, PWH:- T#(#7,
 U@#LCJ' ! :eR#M ~L0 �#4HV+> FM X:77M P& @#nH' PSH?#> F+4& T'1,
 !  ~L0  T#(?#%('?  /'V7; F,  /K  }H1S>  T#c F,  '?  /K  .'  @:n&
 ?@  9@1&  T#( �6#8 "!#L>  I:(@ P&  @#o7<*]  _.?'  BH'  T#y>?'
 /'w*& ! ?#*`& 1H. BH' )*W(' ?@ /#ZZSC& #, ?#*`& BH' )H#;?
 1A$  t�6  1,  X9@1&  1A$  ?@  I)J'  F+4&  :eR#M  ?@  )R#6@  U.#c'
 )HVR!'  #(?#*`&1H.  1lH@  F,  )e�$  T:eR#M  @Veo,  X/#ZZSC&
 .#n& F,!1S& ! FM!1C& T#(#7, ?@ GyD 1**=> ! )R#6@ k@?'@ T1CWM
 F`JV> T#(?'w,' @!?! )oc F+4& ?#C6#J ?@ T:eR#M "'1**=> k)J'
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I)�*$ T?!1s p*e&V>' :7$#&

3!&QH]+$!S[X:
 �*yC�&1*� �( ! �*yC�& ?V2 F, �( XT@#ZC-' @Veo, 9@1& U#E:H@ ?@
 1C<*, #o$K 1A$ ?@ �*yC�& T@#ZC-' @Veo, )*W(' PR! I@?'@ )*W('
 1*� T1o8 T#( )D#, F`JV> ?@ FM PH#( �6#8 .' T?#*�, I)J'
 .' \*, �$!? :7$#& :$V8 P& Py+> T@#ZC-' �$!? /'V7; F, PSH?#>
 )J' @!@1& PSH?#> "�4& /#7M#J t12 .' XB%�& _!1D :0
 F+4& )D#, ?@ @VcV& PC<*`& ! T@#ZC-' )*R#`D 9#A$ 1, #o$K !

I:$?'@ :*MO>

,O&PHT+$0)&#"9$3&Z/.+$D$EFG
 1C<*, #(?#*`&1H. 1lH@ F, )e�$ 9@1& /#*, ?@ ?#*`& 1H. BH' )*W('
 XF+4& )D#, ?@ @VcV& P;#WCc' FH#&1J X/#7M#J U#E:H@ .'  I)J'
 ! 1> �H1J #o$K T'1c' ! 9@1& )M?#<& #, 1**=> T#( F&#$1, @#nH' T'1,
 :H@ #, /#ZZSC& FM PR#0 ?@ I)J' }J#7& ?#*�, 1C<*, )*yDV& #,
 X1**=> T'1, ! FC�$'@ B*H#] '? #( F+4& BH' P;#WCc' FH#&1J X/!1*, .'
 /'V7; F, /K .' U@#LCJ'f T#c F, '? dP;#WCc' FH#&1J T#y>?'f #o7>
 /#ZZSC& U#E:H@ ?@ B*7xW( I:$?'@ 1A$ ?@ dFH#&1J ! _.?' �H
I@?'@ ?'1- T@#ZC-' ! T:eR#M @Veo, .' :`, )HVR!' ?@ ?#*`& 1H. BH' 

3!"^1PO$3&Z/.+
 F+4& @VcV& T1,?#M T#(@VeWM �D? ?@ '? @1%+W; T#y>?' /#7M#J
 \y$ T#LH' )oc ?@ T' F+4&'1D T#( T1,?#M @#nH' T'1, ! :7*, P&
 I@?'@  P7*H#]  )*W('  #o$K  1A$  ?@  XIII  !  1o8  pM  @#ZC-'  z#e-  ?@

 F+4& T#( PH'?'@ .' U@#LCJ' X@1%+W; T#y>?' T'1, /#7M#J B*7xW(
I:(@ P& 3*c1> '? hF+4& T#( T1,?#Mb

,R*S#_$5*.+$EFG
 XP;#WCc'  �+CS&  @#`,'  ?@  T?#*�,  P8.V&K  @?'V&  X9@1&  :H@  .'
 FM @?'@ @Vc! PSH?#> "�4& @VcV& T#�D ?@ P%Hw*D XT@#ZC-'
 .' /'V> P& I:$1*E ?'1- U@#LCJ' @?V& ! ~L0 XP8.V&K t':(' #, :H#,

I@1, 9#$ w*$ F`JV> ! )a#L0 P+ZL�& ?#*`& 1H. /'V7; F, /K

@ !"#$L\.&`#I$J$ S9$.&=?#
 "�4& ?@ U:8 @#nH' "'1**=> 1*NO> .' 9@1& /#*, p*+4> m#J' 1,
 B*7xW( ! /K "#*�Cy& ! F+4& .' 3*45 )6#78 9:; XPSH?#>
 1*NO> F, 1n7& X"�4& 9@1& T#( FCJ'V6 .' 3*45 )6#78 9:;
 #o$K ?V�0 X9@1& /#*, 1, #7, I)J' U:8 F+4& 1, "'1**=> }J#7&#$
 B*W( F, I@?'@ )*W(' ?#*�, 1**=>  @#nH'  T'1,  #( T1*E �*WZ> ?@
 )oc  PZ6#8  /'V7; F,  /#ZZSC&  :H@  ?@  FM  ?#*`&  BH'  p*R@
 X)J' U:8 FCD1E 1A$ ?@ P;#WCc' FH#&1J T#y>?' ?#*`&1H. )H#;?
 U:8 /#*, 1**=> ?@ P+5' T#(?#*`& .'  P%H /'V7; F, 9@1& :H@ .'
 )M?#<& X9#; "?V5 F, :$'V> P& w*$ ?#*`& BH' T#(?#*`&1H. I)J'

I@V8 �H1`> 1**=> :7H'1D �+CS& p0'1& ?@

@"==>/$.!$012#$.&a_$3(BPR*.+$3&4.&=?#$*+$%!&FH9+I$J$ .&Xb$.&=?#$
 ?#*`& �H /'V7; F, /K _1H�] /@V, PoH:, F, FcV> #, w*$ ?#*`& BH'
 )H#;? :H#, T1**=> 1( ?@ FM 9?#oi ?#*`& /'V7; F, X9@1& t12 .'

I)J' �1�& P+5' ?#*`& /'V7; F, X@V8

3"='$0c=H7
 XF+4& ?@ G*4& )*L*M /#E:77M �?@ BH1> P+5' /'V7; F, #( F+4& /#7M#J _1H�] F, FcV> #, FM )8'@ /#*, /'V> P& T1*E Fn*C$ /'V7; F,
 z'^J �'Vc ?@ #( _.?' m#J' 1, ?#*`& B**`> T'1, X:$' G*4& )*L*M T#( FLR^& .' FM F+4& ?@ @VcV& T#( _.?' #, �#e>?' ?@ #o$K "'1A$
 Xd�@1M :H#, Fi #W8 1A$ F, X�*(@ 9#n$' Pl7(1D ! PSH?#> _.?' )H#;? #, F+4& G*4& )*L*M \H'wD' )oc ?@ P>'1**=> �*('VS, 1E'f
 dPH#eH.f Xd/@V, @1D F,1Z47&f Xd)&:-f .' :7>?#e; XPSH?#> F+4& �H ?@ @VcV& T#( _.?' X9@1& 1A$ m#J' 1, I)J' 1> �*-@ ?#*�,
 /'V7; F,  dP`Wc  "'12#6f  !  dP;#WCc'  FH#&1Jf  Xd)HV(  !  )*ZS8f kPSH?#>  _.?'  T#( FLR^&  /'V7; F,  d":0!  !  Pl7(#W(f  !
 /'V7; F, dP8.V&K _.?'f ! dP;#WCc' _.?'f XdT@#ZC-' _.?'f XdT@1%+W; _.?'f XdT:eR#M _.?'f ! kPl7(1D _.?' T#( FLR^&
 FCeR' I:7>!#LC& 1lH:%H #, #( )HVR!' ?@ #o7> ! FC8':$ /#ZZSC& /#*, ?@ @VcV& "#*,@' #, P$':7i "!#L> FM kF+4& .!? T#( _.?' T#( FLR^&
 )a#L0b @VcV& P$V7M @1%H!? ?@ /#ZZSC& /#*, ?@ FM P>?V5 ?@ I)J' 1> �o& ?#*�, 9@1& /#*, ?@ PSH?#> F+4& T#( _.?' P;#WCc' @#`,'
 P>?V5 ?@ I)J' F+4& T#( FC8'@ F, 9'1C0' 1, P7Ce& X9@1& /#*, ?@ #( _.?' B*7xW( I)J' T@#ZC-' @#`,' #, )HVR!' hFi?#j%H P7H1DK.#, !

I:HK P& )J@ F, FCD#H F`JV> F+4& #, PSH?#> F+4& T#( FC8'@ F�H#y& :7H'1D ?@ 1C<*, #( _.?' X@VcV& "#*,@' ! /#ZZSC& /#*, ?@ FM
 ~L0 ! 9'1C0'f ?#*`& g .' :7>?#e; w*$ /#7M#J t12 .' U:8  FH'?' T#(:M ! U:8 /#*, T#( _.?' m#J' 1, PSH?#> "�4& ?@ 1**=> T#(?#*`&
 )*ZS8 ! )HV( )H#;?f XdF+4& ":0! ! Pl7(#W( )H#;?f XdF+4& )R#5' )H#;?f T#(?#*`&1H. #, dPl7(1D ! PSH?#> T#( _.?'
 T#(?#*`&1H. #, dF+4& .!? T#( _.?' T#y>?' ! ~L0f ?#*`& kdF+4& P;#WCc' FH#&1J ~L0f ! dP`Wc "'12#6 9!':> )H#;?f XdF+4&
 )M?#<&f ?#*`& XdP8.V&K _.?' ~L0f ! dT@1%+W; T#y>?'f XdP;#WCc' FH#&1J T#y>?' ! ~L0f XdT@#ZC-' @Veo,f XdT:eR#M @Veo,f
 T:7W8.?' T#(?#*`& .' U@#LCJ'f ?#*`& ! '1c' .' :`, P,#H.?' #> )6#78 .' #*0' :7H'1D �+CS& p0'1& ?@ 9@1& )M?#<& T#(?#*`&1H. #, d9@1&
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 !"#$%&'()'*+,-.+/0+&1+23+,4456+7'82'49:+;+<=>2'6+?@A:+7'8+B/20%C !D+&'E1+;+,F:+%G83/0;3+H'*+%+ #+I2'JK

 .' XPSH?#> F+4& ?@ 1**=> T#(?#*`& F&'@' ?@ ! #( _.?' B**`> T'1, �M#0 :H@ X/#7M#J /#*, ?@ FM )J' 1Mq p,#- Id1**=> ?@ F+4& ?#NK
 T#(?#*`& ?@ X/#7M#J GJV> U:8 /#*, T#( _.?' m#J' 1, I)J' F+4& F, /!1*, .' /#ZZSC& :H@ FM P>?V5 ?@ I)J' F+4& F, /!?@
 .' XF+4& T#( _.?' ~L0 T#CJ'? ?@ FM )J' }J#7& T1**=> X9@1& :H@ .' I@?'@ T1C<*, )*W(' P;#WCc' :`, w*$ 1**=> T'1, U:&K )J@ F,
 U�H! F, X@#`,' 9#W> ?@ /!?@ .' 1**=> F, XF+4& T#(.#*$ ! "#$#%&' .' PeJ#7& )6#78 #, :$'VC, #> @1e, '? U1o, BH1C<*, 9@1& P>#;�2' )M?#<&
 BWs ?@ FM )J' }J#7& T1**=> XP$#oc T#(1A$ ! @#7J' .' �C7& /#ZZSC& @VcV& "#*,@' m#J' 1, FM P>?V5 ?@ I@V8 1n7& XP;#WCc'
 1> B*l7J hP;#WCc' @1%H!? #,b )a#L0 FLM X9@1& :H@ ?@ X1lH@ /#*, F, I:7M @#nH' 1o8 ?@ U�H! F, '? T@#ZC-' F`JV> XF+4& T#( _.?' ~L0
 T#(:M F, FcV> #, I)J' )a#L0 FLM .' 1> B*l7J hT@#ZC-' @1%H!? #,b F`JV> FLM X/#ZZSC& :H@ ?@ FM PR#0 ?@ X)J' F`JV> FLM .'
 )6#78 t:( #, 9@1& )M?#<& ?#*`& X@?'@ ?'1- z!' )HVR!' ?@ "'12#6 ! P$#�$' G,'!? ! P;#WCc' @#`,' #o$K ?@ FM X/#7M#J GJV> U:8  FH'?'
 ?@ X#o$K .' P8#$ T#(?#*`& ! #( _.?' @V8 P& @#o7<*] X/#H#] ?@ I)J#( F+4& BH' ?@ T1**=> 1( TwH? F&#$1, ?@ ?#*`& BH1> P+5' X@#`,' BH'
 p*6@ T#( U!1E 1lH@ "'1A$ B*7xW( ! PSH?#> T1o8 T#( )D#, .' ?'@1, U1o, 9@1& P7J ! PC*�7c "!#L> F, FcV> #, P>K T#( \(!�]
 /'V7; F, #( F$#J? PC0 ! /#*(#l<$'@ XhT?'@1o8 ! )R!@b PC&V%0 /'1*E �*WZ> /Vi h/#`L$ Tq ! /'qVL$ Tqb PH#( )D#, B*7i "'1**=> ?@

 I:$V8 �*-:> PSH?#> T1o8 T#( )D#, T#( _.?' /#E:7(@ �H!1>

&4$LRS7$,d

 FCD1E ?'1- _#%7M @?V& T:eR#M Fe7c .' �VZ6 F, ! P%Hw*D 1**=> X1s#0 FR#y& ?@ I@1*E P& "?V5 hT1,?#M ! T:eR#Mb P%Hw*D ! T@#ZC-' XP;#WCc' �+CS& z#%8' F, 1**=> I�
 I)J' U:8 FH'?' :H:c T#�D @#nH' #H ! P&1D pH:e> p%8 F, T:eR#M 1**=> 1, P7Ce& #( �6#8 ! #(?#*`& I)J'

R12-!672-K"S41>-6I72041"71K"=-!-1-672041 I� �  =-!-1-672041 I� �   =-I02780T72041 Iu /  U4K-61"S41>-6I72041"U4I-E-12 IY /  V56-"V6->-6I72041 I�
 ! PJ#W0 X�*RVeWJ XP$#0!? XPJ#�0' X@V,@#H X9!':> X)7J X)&:- /Vi PH#( FZ6#8 p&#8 ! )J' �#6 BM#&'  F, )e�$ F`&#c PJ#�0' F�,'? F, �V,1& PCHV( _.?' Iv

Ih�Y g�Y�� XVCo+*MVH ! /:+*Db )J' F$#H'1E P+&
 �'1C8' P;V$ ! h�u� g�Y�u X�$'! ! "!1Eb U:8 p&#8 '? F`&#c �H @'1D' 9#W> T#( P(#EK ! "'12#6 FM T@1D "'12#6 .' )J' T' F;VWn& P`Wc hFAD#0 ! P(#EKb U12#6 I�

Ih��� g�Y�� XP(V%Db @?!K P& @Vc! F, FC8�E #, :$V*] ?@ P7(q
 IhW-22X"S41>-6I72041"R1>20252-A"$YYYN"(b :77M P& U@#LCJ' /K .' �'1*& F$#E:7i T#( _.?' /@1M F5�6 ?VA7& F, )a#L0 /#ZZSC& FM )J' P0��5' XPl7(1D T#7`& g.0!10 /71/- I�
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Values of Historical Neighborhood and Criteria of Change According to Residents

M/,7#&%!>#&.5/../]1/$^

Abstract
6,)!,15(#.1'/-!$)12,*#.,##%5!$))%!(#!',/$2)!1$!#.%).!(#!5&.;1;)_!/!',/$2)!(,/(!'#$5).;)!(,)!;/-&)5 !<$(1-!$#`3!(,)!
;/-&)5!/$%!(,)!'.1().1/!#4!',/$2)!/.)!.)5&-()%!4.#7!2-#*/-!%#'&7)$(5!/$%!)aF).(5b!#F1$1#$5!`,#5)!;1)`F#1$(5!,/;)!
1$()2./()%!'#$5).;/(1#$!/$%!.)2)$)./(1#$!/FF.#/', !O$!(,15!/FF.#/',3!(,)!'.1().1/!/.)!1$(.#%&')%!/5!cL12$1Y'/$')d!/$%!
ce'#$#71'!;1(/-1(+d !6,).)4#.)3!`1(,!.)5F)'(!(#!(,.))!;/-&)5!#4!,15(#.1'/-!&.*/$!4/*.1'!1$'-&%1$2!c015(#.1'/-!;/-&)d3!
c"&-(&./-!;/-&)d!/$%!c"&..)$(!;/-&)d_!/$%!/''#.%1$2!(#!(,)!>.1$'1F-)!#4!c,/.7#$+d!`,#5)!1$().F.)(/(1#$!'#77)$(5!
(`#!F.1$'1F-)5!#4!c.)5F)'(!/$%!F.)5).;)!$)12,*#.,##%!;/-&)5d!/$%!c%#!$#(!171(/()d!1$'-&%)%!c.)5F)'(!(#!F.1$'1F-)5!
/$%!;/-&)5!#4!F.)5)$(!/$%!4&(&.)d!/$%!c.)5F)'(!(#!',/$2)d!4#.!'#$(1$&1(+!/$%!5&5(/1$/*1-1(+!#4!,15(#.1'/-!$)12,*#.,##%!
1$!(,)!F/5(3!F.)5)$(!/$%!4&(&.)!(17)_!(,)5)!'.1().1/!/.)!.)F.)5)$()%!*+!".1().1#$!#4!c:)5F)'(1$2!4#.!/$%!F.)5).;/(1#$!#4!
,15(#.1'/-!/$%!'&-(&./-!;/-&)!#4!(,)!$)12,*#.,##%d3!".1().1#$!#4!c>.)5).;/(1#$!/$%!&F2./%1$2!(,)!'&..)$(!;/-&)!#4!(,)!
$)12,*#.,##%d!/$%!".1().1#$!#4!c6,)!&5)!#4!'.1().1/!`,/(!;/-&)!(#!*&1-%1$2!#4!$)12,*#.,##%!4#.!$)`!%)512$d !=1.5(!
'.1().1#$!1$'-&%)5!4#&.!5&*J'.1().1/!c8*5).;/$')!#4!/&(,)$(1'1(+d3!c8*5).;/$')!#4!1$()2.1(+d3!c8*5).;/$')!#4!1%)$(1(+!
/$%! ',/./'().d! /$%! c8*5).;/$')! #4! "#$(1$&/(1#$! #4! '#--)'(1;)! 7)7#.+! /$%! ,15(#.1'/-! 7)7#.+d ! L)'#$%! '.1().1#$!
1$'-&%)5! 4#&.! c>,+51'/-! 17F.#;)7)$(d3! ce'#$#71'! 17F.#;)7)$(d3! c>.#7#(1#$! #4! 5#'1/-! '/F1(/-d! /$%! c=&$'(1#$/-!
17F.#;)7)$(d ! [''#.%1$2-+3! (,)! c',/$2)d! 5,#&-%! *)! #*5).;)%! ;/-&)5! #4! '.)/(1#$! F.#')55! 1(5)-43! 4#.! )a/7F-)3! (,)!
f&/-1(+!#4!(,)!1%)/3!f&/-1(+!#4!%)512$!/$%!(,)!f&/-1(+!#4!1(5!.)-/(1#$5,1F!`1(,!(,)!)$;1.#$7)$(!/$%!$/(&.)d3!#$!(,)!*)5(!
F#551*-)!-);)-!#4!'#7F-1/$') !0#`);).3!'#$51%).1$2!(,)!;/-&)5!/5!#$)!#4!(,)!%17)$51#$5!#4!)$;1.#$7)$(!f&/-1(+!`,1',!
/.)! F).')1;)%! *+! .)51%)$(53! F)#F-)b5! #F1$1#$5! #$! (,)! ;/-&)5! /$%! ',/$2)! '.1().1/! /.)! 7#.)! 17F#.(/$(! (,/$! )aF).(5 !
O$!(,15!.)2/.%!(,15!/.(1'-)!15!2#1$2!(#!Y$%!(,)!;/-&)5!#4!(,)!,15(#.1'/-!$)12,*#.,##%!4.#7!.)51%)$(5b!F).5F)'(1;)!/$%!
(,)1.!'.1().1/!1$!#.%).!(#!/FF-+!(,)!/FF.#F.1/()!',/$2) !6,)!M/1$!f&)5(1#$!1$;)5(12/()5!,#`!',/$2)!1$!(,)!,15(#.1'/-!
$)12,*#.,##%!'/$!&F2./%)!(,)!f&/-1(+!#4!(,)5)!/.)/5!/''#.%1$2!(#!.)g51%)$(5S
h&).+1$2! 15! 4#&$%! 1$! 4#.7! #4! f&/-1(/(1;)! F/./%127! /$%! *+! '#$()$(! /$/-+515! 7)(,#% ! <5)%! /FF.#/',)5! #4! '#$()$(!
/$/-+515!1$!(,)!/.(1'-)!/.)!"#$;)$(1#$/-!"#$()$(![$/-+515!/$%!L&77/(1;)!"#$()$(![$/-+515 !O$4#.7/(1#$!15!/',1);)%!
*+!L)71J%)F(,!1$().;1)`5!`1(,!)12,())$!F).5#$5!#4!(,.))!,15(#.1'/-!$)12,*#.,##%5!#4!i/9% !6,)5)!$)12,*#.,##%5!/.)!
V/.J#5,JL,/4/3!>#5,(J)!E/2,!/$%!L/,-J)*$)J[-1!(,/(!,/;)!*))$!',/$2)%!4#.!.)2)$)./(1#$ !O$().;1)`))5!1$'-&%)!/2)!
2.#&F5!#4!+#&$23!M1%%-)J/2)%!/$%!)-%).-+3!*#(,!7/-)!/$%!4)7/-) !0/;1$2!',#5)$!(,)!1$().;1)`))53!#F1$1#$5!#4!-/.2)!
$&7*).!#4!F)#F-)!/*#&(!7/1$()$/$')!#4!,15(#.1'/-!&.*/$!4/*.1'5!/.)!f&)5(1#$)% !6,15!15!%#$)!4#.!',##51$2!F)#F-)!(#!
`,#7!7/1$()$/$')!#4!,15(#.1'/-!&.*/$!4/*.1'5!15!;/-&/*-) ![$/-+515!'#$51%).5!5171-/.1(+!*)(`))$!#F1$1#$5!/$%!%#)5!
$#(!4#'&5!#$!%144).)$')5 !6,.))!7/1$!f&)5(1#$5!1$!(,)!1$().;1)`!`).)!c,#`!%#!+#&!%)5'.1*)!,15(#.1'/-!/$%!'&-(&./-!
$)12,*#.,##%Sd3!c`,/(!/.)!(,)!F#()$(1/-5!#4!,15(#.1'/-!$)12,*#.,##%!4#.!&F2./%1$2!1(5!f&/-1(+Sd3!/$%!c,#`!%#!+#&!
);/-&/()!(,)!)44)'(5!#4!',/$2)!1$!(,)!$)12,*#.,##%!#$!1(5!;/-&)5Sd 
"#%)5!/.)!/',1);)%!*+!'#$()$(!/$/-+515!#4!1$().;1)`5!(,/(!'-/.14+!4/'(#.5!#4!,15(#.1'/-!$)12,*#.,##%5!;/-&)5 ![''#.%1$2!
(#!.)51%)$(5b!#F1$1#$5!(,)!;/-&)5!/.)!c%/(1$2d3!c*)1$2!&$1f&)d3!c*)/&(+d!/$%!c,/.7#$+!/$%!&$1(+d!/5!1()75!#4!,15(#.1'/-!
;/-&)3!c1%)$(1(+!/$%!',/./'().d3!c5#'1/-!'/F1(/-d!/$%!c'#--)'(1;)!7)7#.1)5d!/5!1()75!#4!'&-(&./-!;/-&)!/$%!cF,+51'/-!
;/-&)d3! c;/-&)! #4! 4&$'(1#$d3! c)'#$#71'! ;/-&)d3! c5#'1/-! ;/-&)d! /$%! c)%&'/(1#$/-! ;/-&)d! /5! 1()75! #4! '&..)$(! ;/-&) !
[''#.%1$2!(#!.)51%)$(5b!#F1$1#$3!/$%!*/5)%!#$!(,)!'#%)5!/$%!.)5F)'(1$2!(#!(,)!;/-&)53!'.1().1/!#4!',/$2)!1$!,15(#.1'/-!
$)12,*#.,##%!/.)!4#&.!'.1().1/!c:)5F)'(1$2!4#.!/$%!F.)5).;/(1#$!#4!,15(#.1'/-!/$%!'&-(&./-!;/-&)!#4!(,)!$)12,*#.,##%d3!
c>.)5).;/(1#$!/$%!&F2./%1$2!(,)!'&..)$(!;/-&)!#4!(,)!$)12,*#.,##%d3!c>&*-1'!F/.(1'1F/(1#$d!/$%!c6,)!&5)!#4!'.1().1/!
`,/(!;/-&)! (#!*&1-%1$2!#4!$)12,*#.,##%! 4#.!$)`!%)512$d !=1.5(! '.1().1#$! 1$'-&%)5!Y;)! 5&*J'.1().1/!c8*5).;/$')!#4!
/&(,)$(1'1(+d3!c8*5).;/$')!#4!,/.7#$+!/$%!&$1(+d3!c8*5).;/$')!#4!1%)$(1(+!/$%!',/./'().d3!c"#$(1$&1(+!#4!'#--)'(1;)!
7)7#.1)5d!/$%!c"#$5).;/(1#$!#4!5#'1/-!'/F1(/-d !L)'#$%!'.1().1#$!1$'-&%)5!Y;)!5&*J'.1().1/!c>,+51'/-!17F.#;)7)$(d3!
ce'#$#71'! 17F.#;)7)$(d3! c"#$5).;/(1#$! /$%! F.#7#(1#$! #4! 5#'1/-! '/F1(/-d3! c=&$'(1#$/-! 17F.#;)7)$(d! /$%!
c"#$5).;/(1#$!#4!)%&'/(1#$/-!;/-&)d !6,1.%!'.1().1#$!15!#*5).;)%!`,)$!.)51%)$(5!F/.(1'1F/()!(,.#&2,#&(!(,)!F.#')55!#4!
',/$2) ![''#.%1$2!(#!(,)!2-#*/-!%#'&7)$(5!/$%!#F1$1#$53!(,15!'.1().1#$!15!1$%1'/(#.!4#.!#*5).;/$')!#4!5&*J!'.1().1#$!#4!
c>.#7#(1#$!#4!5#'1/-!'/F1(/-d !:)5&-(5!17F-+!(,/(!-1((-)!%144).)$')!15!#*5).;)%!*)(`))$!)aF).(5!/$%!.)51%)$(5!#F1$1#$5_!
*&(!/$/-+515!#4!1$().;1)`5!/$%!/',1);)%!'#%)5!4.#7!.)51%)$(5!17F-+!(,/(!%144).)$')!15!#$!F.1#.1(19/(1#$!#4!;/-&)53!'.1().1/!
/$%!5&*J'.1().1/!/5!`)--!/5!.)51%)$(5b!)7F,/515!#$!(,)!5#'1/-!4/'(#.5!1$!(,)!;/-&)53!'.1().1/!/$%!5&*J'.1().1/ !6,15!7/X)5!
(,)!'.1().1/!#4!F&*-1'!F/.(1'1F/(1#$!/5!#$)!#4!(,)!17F#.(/$(!'.1().1/!#4!);/-&/(1$2!',/$2)5!1$!,15(#.1'/-!$)12,*#.,##% !
[-5#3!.)5&-(5!17F-+!(,/(!.)51%)$(5!)7F,/519)!#$!5#'1/-J,&7/$!%17)$51#$5!./(,).!(,/$!F,+51'/-!/$%!)'#$#71'/-!#$)53!
;1)`1$2! 4.#7! 1$51%)!#4!$)12,*#.,##%3!'#$5).;/(1#$! ./(,).! (,/$!F,+51'/-!/$%!)'#$#71'/-!%);)-#F7)$(3!/$%!F&*-1'!
participation in whole of change phases.

Keywords
j/-&)5!#4!,15(#.1'/-!$)12,*#.,##%3!".1().1/!#4!',/$2)3!:)51%)$(53!eaF).(53!"#$5).;/(1#$!/$%!1$()2./()%!.)2)$)./(1#$ 

^ !>, !V !"/$%1%/()!1$![.',1()'(&.)3!<$1;).51(+!#4!6),./$ !5/../]1/$k27/1- '#7


