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ABSTRACT

Butterflies fly combining wing flapping and gliding efficiently 

and have beautiful flight patterns. Micro-Air-Vehicles (MAVs) 

and micro-flight robots that mimic the flight mechanisms of 

insects have been attracting significant attention in recent years. 

A number of MAVs and micro-flight robots that use various 

devices have been reported. However, these robots were not 

practical. A number of studies on the mechanism of butterfly 

flight have been carried out. Moreover, a number of recent 

studies have examined the flow field around an insect wing, such 

as a leading edge vortex (LEV) structure using the first digital 

particle image velocimetry (DPIV). We have carried out the PIV 

measurement around a butterfly wing and have visualized a 

vortex ring formed on the wing clearly. On the other hand, we 

developed a small flapping robot without tail wings, which is 

similar to the butterfly. The purpose of the present study is to 

clarify the dynamic behaviors of the vortex rings formed on the 

wings of the butterfly and the small flapping robot. A vortex 

ring is formed over the wings of the butterfly and small flapping 

robot with stable flight when the wings flap downward. An 

another vortex ring is formed below the butterfly wings when 

the wings flap upward and it was smaller than that in downward 

flapping motion because of the elastic deformation of the wings. 

Both vortex rings pass through the butterfly completely at the 

top and bottom dead position in the flapping motion. 

1 INTRODUCTION
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7&! ($+#*)*! -7(8,*! 5,#6+7;! N7! #-! 3#55#$=,7! 7&! 3*)*,&:! 5,(::#26!
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-=55#$#*27,9!$,(%#5#*3;!
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>(?*! $(:7=%*;! @*23(! *7! (,;! BTD! (2(,9M*3! 7+*-*!4&7#&2-! (23!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
 ! U4(#,!(33%*--V!5=7#>(?#W4-*;?9=7*$+;($;X:!

4*(-=%*3! 7+*! 5&%$*-! &5! 7+*! 8=77*%5,9! Parantica sita! 89!

&8-*%)#26!#7-!5,#6+7;!!

@*)*%(,! -7=3#*-! +()*! *Y(4#2*3! 7+*! 5,&>! 5#*,3! (%&=23! (2!

#2-*$7!>#26! BZD;!"#$+(*,! *7! (,;! BCJD! =-*3! 5,&>!)#-=(,#M(7#&2!

(23!#2-7(27(2*&=-!5&%$*!4*(-=%*4*27-!&5!7*7+*%*3!5%=#7!5,#*-A!

Drosophila melanogasterA! 7&! -7=39! 7+*! 392(4#$-! &5! 5&%$*!

6*2*%(7#&2!3=%#26!5,#6+7;!<+*9!:%*-*27*3!(!%*$&2-7%=$7#&2!&5!(!

)&%7*Y!,&&:!3=%#26!7+*!3&>2-7%&?*!(23!)*27%(,!5,#:;![#$+(%3!*7!

(,;!BCCD!=-*3!5#%-7!3#6#7(,!:(%7#$,*!#4(6*!)*,&$#4*7%9!.Q\N01!7&!

#2)*-7#6(7*! 5,&>! (%&=23! 7+*! >#26-! &5! (2! #2-*$7;! <+*9!

#2)*-7#6(7*! 7+*! 4&7+! Manduca sexta! (23! %*:&%7*3! 7+*!

%*,(7#&2-+#:!8*7>**2!7+*!-7%=$7=%*!&5!7+*!,*(3#26!*36*!)&%7*Y!

.]U01! (23! 5&%$*! :%&3=$7#&2;! <+*9! BCED! *4:,&9*3! -4&?*!

)#-=(,#M(7#&2! 7*$+2#K=*-! 7&! (2(,9M*! 7+*! (*%&392(4#$!

4*$+(2#-4-! &5! 5%**'5,9#26! 8=48,*8**-! (23! %*:&%7*3! 7+*!

#23*:*23*27! ]U0-! &2! 8&7+! >#26-;! L&>*)*%A! 7+*! 392(4#$!

8*+()#&%!&5!7+*!)&%7*Y!7+(7!5&%4-!&2!7+*!#2-*$7!>#26!(23!#7-!

6%&>7+!:%&$*--!+()*!2&7!8**2!$,(%#5#*3;!

H9!&8-*%)#26!7+*!5,#6+7!&5!7+*!8=77*%5,9!Cynthia cardui!>*!

+()*!$,(%#5#*3!7+*!8*+()#&%!&5! #7-!>#26-! #2! 5,#6+7;!H9!-:(7#(,!

*)(,=(7#&2!&5!7+*!>#26!3=%#26!5,(::#26!5,#6+7A!>*!5&=23!7+(7!

7+*!5,(::#26!(26,*A!,*(3',(6!(26,*!(23!5*(7+*%#26!(26,*!&5!7+*!

8=77*%5,9!(%*!:*%#&3#$;!"&%*&)*%A!>*!+()*! $,(%#5#*3! 7+(7! 7+*!

>#26! 3*5&%4-! *,(-7#$(,,9! #2! 8&7+! 7+*! >#26! -:(2! (23! $+&%3!

3#%*$7#&2-!BCFD;!H(-*3!&2!7+*-*!%*-=,7-A!>*!3*)*,&:*3!(!-4(,,!

5,(::#26! %&8&7! 7+(7! 3&*-! 2&7! +()*! 7(#,! >#26-! (23! +*2$*!

%*-*48,*-! (! %*(,! 8=77*%5,9! BCGD;! ^*! 5&=23! 7+(7! *,(-7#$!

3*5&%4(7#&2-!&5!7+*!>#26!$(=-*!7>#-7#26!4&7#&2-!&5!7+*!>#26A!

>+#$+! *2(8,*! -7(8,*! 5,#6+7! BCOD;! "&%*&)*%A! >*! :*%5&%4*3!

:(%7#$,*! #4(6*! )*,&$#79! .\N01! 4*(-=%*4*27-! (%&=23! (!

8=77*%5,9!>#26!(23!$,*(%,9!)#-=(,#M*3!!(!)&%7*Y!%#26!5&%4*3!&2!

7+*!>#26S!7+#-!)&%7*Y!%#26!>(-!5&%4*3!&)*%!7+*!>#26-!5&%!(,,!

7+*!8=77*%5,9! -:*$#*-! *Y(4#2*3! BCPD;!L&>*)*%A! 7+*!392(4#$!

8*+()#&%!&5!7+*!)&%7*Y!%#26!#-!2&7!-=55#$#*27,9!>*,,!=23*%-7&&3;!

^*!(%*!:(%7#$=,(%,9!#27*%*-7*3!#2!7+*!392(4#$!8*+()#&%!&5!7+*!

)&%7*Y!%#26!3=%#26!=:!(23!3&>2!5,(::#26;!

<+*!:=%:&-*!&5!7+*!:%*-*27!-7=39!#-!7&!$,(%#59!7+*!392(4#$!

8*+()#&%!&5!7+*!)&%7*Y!%#26-!7+(7!5&%4!(8&)*!7+*!>#26-!&5!7+*!

8=77*%5,9! (23! 7+*! -4(,,! 5,(::#26! %&8&7;!^*! :*%5&%4*3! \N0!

4*(-=%*4*27!(%&=23!7+*!>#26-!(23!#2)*-7#6(7*3!7+*!392(4#$!

8*+()#&%! &5! 7+*! )&%7*Y! %#26-! #2! =:>(%3! (23! 3&>2>(%3!

5,(::#26!4&7#&2-;!

2 EXPERIMENTAL SYSTEMS

2.1 Butterfly and small flapping robot 

_#6=%*! C.(1! (23! .81! %*-:*$7#)*,9! 3*:#$7! 7+*! 8=77*%5,9 (23!

-4(,,!5,(::#26!%&8&7!=-*3!#2!7+*!:%*-*27!-7=39;!<(8,*!C!,#-7-!!

Q92(4#$!H*+()#&%-!&5!(!0&%7*Y![#26!&2!(!

H=77*%5,9!(23!(!@4(,,!_,(::#26![&8&7!

";!_=$+#>(?#
C
A!<;!`=%&?#

C
A!`;!<(2(?(

C
A!(23!<;!<(8(7(

E
!

`9=-+=!N2-7#7=7*!&5!<*$+2&,&69A!PTJ'G!`(>(M=A!N#M=?(A!a(:(2!

`(6&-+#4(!b(7#&2(,!c&,,*6*!&5!<*$+2&,&69A!CGPJ'C!@+#2?&=!L(9(7&A!`#%#-+#4(A!a(:(2!
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(a) Butterfly, Idea leuconoe

!

!
(b) Small Flapping robot 

Figure 1: Butterfly and small flapping robot in our study 

!

!

Table 1: Dimensions of butterfly and small flapping robot 

@4(,,!5,(::#26!%&8&7H=77*%5,9

CJPf BLMD

C;OJ;PW/S Bbd4ED

C;ZJ;Gm B6D

F;JE;FAR

EGJCGJl B44D

TJPJc B44D

@4(,,!5,(::#26!%&8&7H=77*%5,9

CJPf BLMD

C;OJ;PW/S Bbd4ED

C;ZJ;Gm B6D

F;JE;FAR

EGJCGJl B44D

TJPJc B44D

!
!

!

7+*#%!>#26!$+&%3!,*267+!cA!>#26!-:(2!,*267+!lA!(-:*$7!%(7#&!&5!

7+*!>#26!ARA!4(--!mA!>#26!,&(3!w/sA!(23!5,(::#26!5%*K=*2$9!

&5!7+*!>#26!f;!

<+*! 8=77*%5,9! -+&>2! _#6;! C.(1! #-! Idea leuconoeS! #7! >(-!

$(:7=%*3!&2!&=%!$(4:=-;!<+*!-4(,,!5,(::#26!%&8&7!+(-!(!4&7&%!

(23! 8(77*%9! (23! #7! >*#6+7-! (::%&Y#4(7*,9! C;Z6;! /! $%(2?!

4*$+(2#-4!#-!=-*3!7&!$&2)*%7!7+*!%&7(%9!4&7#&2!&5!7+*!4&7&%!

#27&! 5,(::#26! 4&7#&2! &5! 7+*! 7>&! >#26-! >#7+! (! 5,(::#26!

5%*K=*2$9!&5!(8&=7!CJ!LM;!<+*!8(77*%9!$(2!:&>*%!5,#6+7! 5&%!

(8&=7! EJ! 4#2=7*-;! I)*%! 7+*! 7#4*A! 7+*! 5,(::#26! 5%*K=*2$9!

3*$%*(-*-!7&!Z!LM!3=*!7&!7+*!)&,7(6*!3%&:!&5!7+*!8(77*%9;!!

_#6=%*! E! -+&>-! 5,#6+7! 7%(X*$7&%#*-! &5! 7+*! -4(,,! 5,(::#26!

%&8&7;! <+*! 5,9#26! 7%(X*$7&%#*-! >*%*! %*$&%3*3! =-#26! (! 5#Y*3!

3#6#7(,!)#3*&!$(4*%(!>#7+!(!5%(4*!%(7*!&5!FJ!B5:-D;!<+*!7#4*!

>+*2!7+*!5,(::#26!%&8&7!,*()*-!7+*!+(23!#-!7(?*2!7&!8*!7!e!J;J!!
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!
Figure 2: Flight trajectories of our small flapping robot!

!

!

Highspeed camera  

Nd: YAG laser  

�

Butterfly   Micro flapping robot   

Highspeed camera  

Nd: YAG laser  

�

Butterfly   Micro flapping robot   

!
Figure 3: PIV measurement system in our study 

!

!

B-D!(23!5,#6+7!7%(X*$7&%#*-!(%*!3*:#$7*3!=:!7:!7!e!R;F!B-D;!

<+*! 5,9#26! :&-7=%*! &5! 7+*! -4(,,! 5,(::#26! %&8&7! 8*$&4*-!

=2-7(8,*!(23!#7-!+*#6+7!3*$%*(-*-!5%&4!7!e!J!7&!7!e!J;G!B-D;!<+*!

5,9#26!:&-7=%*!$&27#2=*-!7&!8*!=2-7(8,*!=27#,!7!e!C;J!B-DA!8=7!7+*!

+*#6+7! &5! 7+*! %&8&7! #2$%*(-*;! /57*%! 7! e! C;J! B-DA! 7+*! 5,9#26!

:&-7=%*!8*$&4*-!(,4&-7!$&2-7(27!(23!7+*!%&8&7!(-$*23-!>+#,*!

:*%5&%4#26! ,(%6*! 7=%2-! 7&! 7+*! ,*57;!<+*! -4(,,! 5,(::#26! %&8&7!

5,*>!-7(8,9!5&%!EJ!4#2=7*-!.#;*;!5&%!7+*!,#5*!&5!7+*!8(77*%91;!<+*!

-4(,,! 5,(::#26!%&8&7!(-$*23-!5&%!R'T!4#2=7*-!>+#,*! -,*>#26!

(23! 7+*2! 3*-$*23-! >+#,*! -,*>#26;! <+#-! #-! 8*$(=-*! 7+*!

%*)&,=7#&2! -:**3-! &5! 7+*! 4&7&%! 3*$%*(-*-! >#7+! 3*$%*(-#26!

)&,7(6*! &5! 7+*! 8(77*%9! (23! $&2-*K=*27,9! 7+*! 5,(::#26!

5%*K=*2$9!6*2*%(7*3!89!7+*!$%(2?!4*$+(2#-4!3*$%*(-*-;!H9!

%*)*%-#26!7+*!%&7(%9!4&7#&2!&5!7+*!4&7&%!(::,#*3!7&!7+*!$%(2?!

4*$+(2#-4A!>*!5&=23!7+(7!7+*!-,*>#26!3#%*$7#&2!#2!7+*!5,#6+7!

&5!7+*!-4(,,!5,(::#26!%&8&7!#-!$&=27*%$,&$?>#-*;!

2.2 PIV measurement system 

^*! :*%5&%4*3! \N0! 4*(-=%*4*27-! =-#26! (2! ($%9,#$!

$&27(#2*%A!(!+#6+'-:**3!$(4*%(A!(!$&27#2=&=-'>()*!b3Vf/g!

,(-*%A! (23! (! 8=77*%5,9! .-**! _#6;! F1;! <+*! 7*-7! -*$7#&2! #2! 7+*!

($%9,#$!$&27(#2*%!#-!ZJJ!B44D!,&26A!ZJJ!B44D!>#3*A!(23!ZJJ!

B44D! 3**:;!UY:(2$*,! .`(2&4(Y1A!>+#$+! +(-! (! 3#(4*7*%! &5!

(::%&Y#4(7*,9!CJ!Bµ4D!(23!(!-:*$#5#$!6%()#79!&5!J;RA!>(-!=-*3!
(-!7%($*%!:(%7#$,*-;!N2!7+*!8=77*%5,9!*Y:*%#4*27-A!7+*!,*6-!!
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(a) Downward flapping motion 

!

!
(b) Upward flapping motion 

Figure 4: Velocity vectors around wings of the butterfly 

&5!7+*!8=77*%5,9!>*%*!5#Y*3!7&!(!-+(57!#2!7+*!7*-7!-*$7#&2!>#7+&=7!

+#23*%#26!7+*!8=77*%5,9h-!5,#6+7!4&7#&2;!N2!7+*!-4(,,!5,(::#26!

%&8&7!*Y:*%#4*27-A!7+*!8&39!&5!7+*!%&8&7!>(-!5#Y*3!7&!(!-+(57!

#2!7+*!7*-7!-*$7#&2!>#7+&=7!+#23*%#26!#7-!5,#6+7!4&7#&2!(23!7+*!

5,(::#26! 5%*K=*2$9! >(-! CJ! LM;! "*(-=%*4*27-! >*%*!

:*%5&%4*3!>#7+!7+*!#,,=4#2(7#&2!:,(2*!(,#62*3!>#7+!7+*!

!
(a) Downward flapping motion 

!

!
(b) Upward flapping motion 

Figure 5: Velocity vectors around wings of the small 

flapping robot 

!

!

$+&%3! (23! >#7+! #7! (,#62*3! >#7+! 7+*! -:(2;! N2! 7+*! 5#%-7!

$&25#6=%(7#&2A!CE!:,(2*-!>*%*!-7=3#*3!(7!$+&%3>#-*!:&-#7#&2-!

#2$,=3#26!7+*!,*(3#26!*36*A!7+*!$*27*%!&5!7+*!>#26!$+&%3A!7+*!

7%(#,#26!*36*A!(23!7+*!>(?*;!N2!7+*!-*$&23!$&25#6=%(7#&2A!5&=%!

:,(2*-!>*%*!-7=3#*3!(7!-:(2>#-*!:&-#7#&2-!#2$,=3#26!7+*!>#26!!
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(a) Moving downward 

!

!
(b) Moving further downward 

!

!
(c) Moving upward 

!
(d) Moving further upward 

!
(e)Top dead position 

Figure 6: Pattern diagrams of the vortex on the butterfly 

wings obtained by the PIV measurement results 

!
Figure 7: Pattern diagrams of the vortex on the wings of 

the small flapping robot obtained by the PIV 

measurement results!

!

!

7#:A!7+*!$*27*%!&5!7+*!$+&%3A!7+*!8(-#$!:&#27!&5!7+*!>#26A!(23!7+*!

8&39;! N4(6*-! >*%*! $(:7=%*3! =-#26! (! +#6+'-:**3! $(4*%(!

.EAJJJ!B5:-D1!(23!7+*!)&%7*Y!5,&>-!7+(7!3*)*,&:*3!#2!7+*!>#26!

$+&%3!(23!-:(2!3#%*$7#&2-!>*%*!#2)*-7#6(7*3;!

^*!#2)*-7#6(7*3!7+*!>#26!7#:!7%($*-!&5!(!5#Y*3!8=77*%5,9!(23!

5&=23!7+(7!7+*!392(4#$!8*+()#&%!&5!7+*!>#26-!>(-!-#4#,(%!7&!

7+(7!#2!7(?*'&55!5,#6+7;!"&%*&)*%A!7+*!392(4#$!8*+()#&%-!&5!7+*!

8=77*%5,9!>#26-!(23!&5! 7+*! -4(,,! 5,(::#26! %&8&7!=23*%! 5#Y*3!

$&23#7#&2-! (%*! +#6+,9! :*%#&3#$;! <+*%*5&%*A! 7+*! 5,&>! 5#*,3-!

(%&=23! 7+*! 8=77*%5,9! (23! -4(,,! 5,(::#26! %&8&7! (%*! (,-&!

*Y:*$7*3!7&!)(%9!:*%#&3#$(,,9;!N2!7+*!:%*-*27!-7=39A!>*!5&=23!(!

7+%**'3#4*2-#&2(,! )&%7*Y! (8&)*! 7+*! >#26-! 89! (2(,9M#26!

7>&'3#4*2-#&2(,!5,&>!5#*,3!(7!*($+!:&#27!&5!7+*!>#26-;!

3 RESULTS AND DISCUSSIONS

3.1 Velocity vectors around wings of the butterfly and 

small flapping robot 

_#6=%*-! G.(1! (23! G.81! %*-:*$7#)*,9! -+&>!)*,&$#79! )*$7&%-!

(%&=23!7+*!8=77*%5,9!>#26-!>#7+!=:!(23!3&>2!5,(::#26!4&7#&2!

&87(#2*3!89!\N0!4*(-=%*4*27-;!!

/-! 7+*! >#26-! 4&)*! 3&>2>(%3! .-**! _#6;! G.(11A! (! :(#%! &5!

)&%7#$*-! #-! $,*(%,9! &8-*%)*3! (8&)*! 7+*! >#26-;! <+#-! :(#%! &5!

)&%7#$*-!#2#7#(,,9!5&%4-!8*7>**2!7+*!>#26-!(7!7+*!8*6#22#26!&5!

7+*! 3&>2>(%3! 5,(::#26!4&7#&2! (23! 7+*2! 3*)*,&:-! &)*%! 7+*!

>#26!-=%5($*-;!@#4#,(%,9A!(!:(#%!&5!)&%7#$*-!#-!&8-*%)*3!8*,&>!

7+*!>#26!>#7+!=:>(%3! 5,(::#26!4&7#&2! .-**!_#6;! G.811;!<+*!

-#M*! (23! )*,&$#79! &5! )&%7#$*-! (%*! -4(,,*%! 5&%! 3&>2>(%3!

5,(::#26! 4&7#&2! 7+(2! 5&%! =:>(%3! 5,(::#26! 4&7#&2;! <+*-*!

)&%7#$*-! >*%*! &8-*%)*3! (7! *($+! :&#27! #2! 7+*! >#26! $+&%3!

3#%*$7#&2;!<+(7! #-A! 7=8*!)&%7#$*-! 5&%4!&)*%! 7+*!>#26-! #2! 7+*!

>#26!$+&%3!3#%*$7#&2;!"&%*&)*%A!7+*!7=8*!)&%7#$*-!(8&)*!7+*!

7>&!>#26-!(%*!$&22*$7*3!89!&2*!$+&%3!,*267+;!_=%7+*%4&%*A!(!

]U0!#-!&8-*%)*3!#2!7+*!>#26!-:(2!3#%*$7#&2!(23!#7!#-!$&22*$7*3!

>#7+!7+*!7=8*!)&%7#$*-!#2!7+*!>#26!$+&%3!3#%*$7#&2;!/-!(!%*-=,7A!

(!)&%7*Y!%#26!5&%4*3!&)*%!7+*!>#26-!&5!7+*!8=77*%5,9!BCPD;!

! _#6=%*-! O.(1! (23! O.81! %*-:*$7#)*,9! -+&>!)*,&$#79! )*$7&%-!

(%&=23! 7+*! >#26-! &5! 7+*! -4(,,! 5,(::#26! %&8&7! >#7+! =:! (23!

3&>2! 5,(::#26!4&7#&2;! @#4#,(%,9! 7&! 7+*! 8=77*%5,9A! (! :(#%! &5!

)&%7#$*-!#-!$,*(%,9!&8-*%)*3!(8&)*!7+*!>#26-!&5!7+*!%&8&7!.-**!

_#6;!O.(11;!"&%*&)*%A!(!:(#%!&5!)&%7#$*-!#-!&8-*%)*3!8*,&>!7+*!

>#26-!3=%#26!=:>(%3! 5,(::#26!4&7#&2! .-**! _#6;! O! .811S! 7+#-!
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:(#%! &5! )&%7#$*-! #-! -4(,,*%! 7+(2! 7+&-*! 6*2*%(7*3! 3=%#26!

3&>2>(%3! 5,(::#26! 4&7#&2A! >+#$+! #-! 7+*! -(4*! (-! 5&%! 7+*!

8=77*%5,9!>#26;!

3.2 Dynamic behaviors of a vortex ring 

_#6=%*! P! -+&>-! :(77*%2! 3#(6%(4-! &5! 7+*! )&%7*Y! &2! 7+*!

8=77*%5,9! >#26-! &87(#2*3! 5%&4! )&%7#$#79! #-&-=%5($*-! >+#$+!

>*%*!3*%#)*3!89!(2(,9M#26!7+*!\N0!%*-=,7-!5&%!*($+!:&#27!#2!7+*!

>#26! $+&%3! (23! -:(2! 3#%*$7#&2-;! _#6=%*-! P.('*1! -+&>! 7+*!

%*-=,7-! &87(#2*3! 5&%! 7+*! %*6#&2! 4&)#26! 3&>2>(%3A! 4&)#26!

5=%7+*%! 3&>2>(%3A!4&)#26! =:>(%3A!4&)#26! 5=%7+*%! =:>(%3!

(23!(7!7+*!7&:!3*(3!:&-#7#&2A!%*-:*$7#)*,9;!

! /! )&%7*Y! %#26! 8*6#2-! 7&! 5&%4! >+*2! 7+*! >#26-! 5,(:!

3&>2>(%3!(23!#7!#-!$&4:,*7*,9!5&%4*3!&)*%!7+*!>#26-!>+*2!

7+*!>#26-!5,(:!3&>2>(%3!7&!7+*!8&77&4!3*(3!:&-#7#&2!.-**!!_#6;!

P.(11;! <+*! )&%7*Y! %#26! 3*)*,&:-! &)*%! 7+*! >#26-! >+*2! 7+*!

>#26-! 5,(:! 5=%7+*%! 3&>2>(%3! .-**! _#6;! P.811! (23! 7+*2!

$&4:,*7*,9! :(--*-! 7+%&=6+! 7+*! 8=77*%5,9! (23! 6%&>-! =27#,!

%*($+#26!7+*!>(?*!(7!7+*!8&77&4!3*(3!:&-#7#&2!.-**!_#6;!P.$11;!

/2&7+*%! )&%7*Y! %#26! 8*6#2-! 7&! 5&%4! >+*2! 7+*! >#26-! 5,(:!

=:>(%3!.-**!_#6;!P.$11!(23!#7!#-!$&4:,*7*,9!5&%4*3!8*,&>!7+*!

>#26-!>+*2!7+*!>#26-!5,(:!=:>(%3! 7&! 7+*! 7&:!3*(3!:&-#7#&2!

.-**! _#6;! P.311;! ! <+*! )&%7*Y! %#26! 5&%4*3! 3=%#26! =:>(%3!

5,(::#26! 4&7#&2! $&4:,*7*,9! :(--*-! 7+%&=6+! 7+*! 8=77*%5,9!

$&4:,*7*,9A!X=-7!(-!3=%#26!3&>2>(%3!5,(::#26!.-**!_#6;!P.*11;!

! H&7+!)&%7*Y!%#26-!$&4:,*7*,9!:(--!7+%&=6+!7+*!8=77*%5,9!(7!

7+*!7&:!(23!8&77&4!3*(3!:&-#7#&2-!3=%#26!7+*!5,(::#26!4&7#&2;!

L&>*)*%A! 7+*! -#M*! &5! 7+*! )&%7*Y! %#26! 7+(7! 5&%4-! 3=%#26!

3&>2>(%3!5,(::#26!#-!,(%6*%!7+(2!7+(7!5&%4*3!3=%#26!=:>(%3!

5,(::#26;! ! <+*! )*#2-! #2! 8=77*%5,9! >#26-! +()*! 3#55*%*27!

3#(4*7*%-!&2!7+*!=::*%!(23!,&>*%!-#3*-!&5!7+*!>#26-A!>+#$+!

#4:&%7(27!8=77*%5,9!>#26-!>#7+!3#55*%*27!*,(-7#$!3*5&%4(7#&2-!

3=%#26! =:>(%3! (23! 3&>2>(%3! 5,(::#26! 4&7#&2-;!!

c&2-*K=*27,9A! 7+*! )&%7*Y! %#26-! +()*! 3#55*%*27! -#M*! (23!

392(4#$! 8*+()#&%-! 3=%#26! =:>(%3! (23! 3&>2>(%3! 5,(::#26!

(23! 7+*! ,#57-! (23! 3%(6-! 6*2*%(7*3! 3#55*%! ($$&%3#26,9;!

H=77*%5,#*-!(%*!7+&=6+7!7&!6*2*%(7*! ,#57!(23!3%(6! 7+%&=6+! 7+*!

#23=$*3!3&>2>(%3!(23!8($?>(%3!5,&>-!#2!7+*!)&%7*Y!%#26;!

! _#6=%*! R! -+&>-! :(77*%2! 3#(6%(4-! &87(#2*3! 89! \N0!

4*(-=%*4*27-!5&%!7+*!)&%7*Y!%#26!5&%4*3!(8&)*!7+*!>#26-!&5!

7+*!-4(,,!5,(::#26!%&8&7;!

! /!)&%7*Y!%#26!5&%4-!(8&)*!7+*!>#26-!&5!7+*!-4(,,!5,(::#26!

%&8&7!3=%#26!-7(8,*!5,#6+7A!X=-7!(-!5&%!8=77*%5,9!>#26-;!L&>*)*%A!

7+*!)&%7*Y!%#26!5&%4*3!(8&)*!7+*!>#26!3=%#26!=2-7(8,*!5,#6+7!

+(-!(!-7%(26*!-+(:*;!@:*$#5#$(,,9A!7+*!%*(%!&5!7+*!)&%7*Y!%#26!#-!

3*5&%4*3A!4(?#26! #7! 3#55#$=,7! 7&! 5&%4! (! )&%7*Y! %#26;! N7!>(-!

5&=23!7+(7!7+*!5&%4(7#&2!&5!(!)&%7*Y!%#26!(8&)*!7+*!>#26!#-!(2!

#4:&%7(27!%*K=#-#7*!5&%!-7(8,*!5,#6+7;!L&>*)*%A!>*!+()*!2&7!9*7!

$,(%#5#*3!7+*!392(4#$!8*+()#&%-!&5!7+*!)&%7*Y!%#26!&5!7+*!-4(,,!

5,(::#26!%&8&7;!

4 CONCLUSIONS

/!)&%7*Y!%#26!>(-!$,*(%,9!&8-*%)*3!(8&)*!7+*!>#26-!&5!7+*!

8=77*%5,9! (23! -4(,,! 5,(::#26! %&8&7!>#7+! -7(8,*! 5,#6+7;! N7!>(-!

5&=23!7+(7!7+*!5&%4(7#&2!&5!(!)&%7*Y!%#26!(8&)*!7+*!>#26!#-!(2!

#4:&%7(27!%*K=#-#7*!5&%!-7(8,*!5,#6+7;!!

/2&7+*%!)&%7*Y!%#26!5&%4*3!8*,&>!7+*!8=77*%5,9!>#26-!>+*2!

7+*!>#26-!5,(:!=:>(%3!7&!7+*!7&:!3*(3!:&-#7#&2;!<+#-!)&%7*Y!

>(-!-4(,,*%!7+(2!7+(7!5&%4*3!3=%#26!3&>2>(%3!5,(::#26!3=*!

3#55*%*2$*! #2! 7+*! *,(-7#$! 3*5&%4(7#&2! &5! 7+*! >#26-! 3=%#26!

=:(>(%3! (23! 3&>2>(%3! 5,(::#26;! H&7+! )&%7*Y! %#26-!

$&4:,*7*,9!:(--!7+%&=6+!7+*!8=77*%5,9!(7! 7+*! 7&:!(23!8&77&4!

3*(3!:&-#7#&2-!3=%#26!7+*!5,(::#26!4&7#&2;!
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