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ABSTRACT

A new Nano Air Vehicle (NAV) configuration based on a 

coaxial nano rotor has been studied by ISAE. The coaxial rotor 

provides the thrust necessary for hovering and low speed 

translation flight. The major design challenge for rotary-wing 

NAVs is related to the difficulty of miniaturizing complex 

mechanisms such as a rotor cyclic pitch swashplate commonly 

used for controlling helicopters. The use of actuators made of 

smart materials is believed to allow for controlling rotary-wing 

NAVs in a much simpler and lighter way. The 

multidisciplinary subject of this complete system is separated 

into few parts. The studies of each subject are individually 

conducted before integrated in the future in order to optimize 

the global system. Those studies which are being carried out 

are shortly described in this paper.  
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/2&7+*%! $&25#6=%(7#&2! #-! $&2-#3*%*3! #2! _#6;! G'%#6+7A! >+*%*!

7+*!N\"c!#-!&2,9!=-*3!7&!$&27%&,! 7+*!7#,7'(26,*;!N2!(! 5=%7+*%!

:*%-:*$7#)*A!N\"c!4(9!(,-&!8*!$&2-#3*%*3!#2!7+*!8=#,3#26!&5!

-4(%7d#27*,,#6*27! %&7&%! 8,(3*-! (-! >*,,;! <+*! *Y:*$7*3! 7&7(,!

4(--! &5! NACR! #2$,=3#26! E6':(9,&(3! #-! (8&=7! CR6;! N7! #-!

2&7#$*(8,*! 7+(7! 4(--! &5! :%&:=,-#&2! -9-7*4! .8(77*%9A! E'

4&7&%-A! E'%&7&%-A! (23! E'-:**3! $&27%&,-1! (23! 4(--! &5!

*,*$7%&2#$-!:(%7-!(%*!(8&=7!&2*'7+#%3!&5!7&7(,!>*#6+7!.P;O!(23!

P6A!%*-:*$7#)*,91;!!

!

!!!!!!!!!!!!! !
!

_#6=%*!GV!b/c[!c&2$*:7!=-#26!@4(%7!/$7=(7&%;!

]*57V!@4(%7!"=-$,*!$&2$*:7!>+#$+!=::*%!%&7&%!#-!-=::&%7!89!N\"cA!!

[#6+7V!<#,7'%&7&%!$&25#6=%(7#&2!$&27%&,,*3!89!-4(%7!N\"c!($7=(7&%!

!

!
!

_#6=%*!OV!UY:*$7*3!4(--!3#-7%#8=7#&2!&5!b/c[!.7&7(,!4(--!e!CR!61!

3 PROPELLER DESIGN AND FABRICATION

Q*-#62!&5!2(2&!$&(Y#(,!%&7&%!#-!8(-*3!&2!7+*!&:7#4#M(7#&2!

&5!+&)*%#26;!U55*$7! (23! #27*%($7#&2!&5!*($+! %&7&%! 7&!(2&7+*%!

%&7&%! (%*! 7(?*2! #27&! ($$&=27! #2! 7+*! &:7#4#M*3! 3*-#62!

:%*,#4#2(%9!$(,$=,(7*3!89!i[I<I[!$&3*!&5!"N<;! N23=$*3!

)*,&$#79!&5!7+*!C
-7
!%&7&%!#-!#2-*%7*3!#27&!7+*!$(,$=,(7#&2!&5!7+*!

E
23
! %&7&%! 7#,,! 7+*! $(,$=,(7#&2! $&2)*%6*-! BCED;! b()#*%'@7&?*-!

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

7=%8=,*2$*!4&3*,-;!b(2&!$&(Y#(,!%&7&%-!(%*!-+&>2!#2!_#6;!P;!

!

!
_#6=%*!PV!b(2&!c&(Y#(,![&7&%!3*-#62*3!89!]#=!

!

!

!
.(1!

!

!

!

!

!
.81!!
!

_#6=%*!RV!_(8%#$(7#&2!\%&$*--!&5!b(2&!c&(Y#(,![&7&%;!

!
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!

!

!

!

<+*! %&7&%! #-! 7+*2! 4(3*;! N7-! -4(,,! 3#4*2-#&2! 4(?*-!

7+*4!3#55#$=,7!7&!5(8%#$(7*;!/$$=%($9!#2!5(8%#$(7#&2!#-!$%#7#$(,!

(23! $(2! (55*$7! 7+*! %&7&%! :*%5&%4(2$*;! <+*! 8,(3*! 7+#$?2*--!

4=-7!8*!4#2#4#M*3!7&!&87(#2!7+*!8*-7!:*%5&%4(2$*-!>+#,*!(!

7+#2! -*$7#&2! #-! $&2)*2#*27! 5&%! 7+*! 5(8%#$(7#&2! 89! $&4:&-#7*!

4(7*%#(,;!!

<+*! E'-#3*! 4&,3-! (%*! 5(8%#$(7*3! 89! (! FQ! :%#27*%;! <+*!

5#%-7! 7%9A! %&7&%-! (%*!4(3*! =-#26!>*7! ,(9=:S! CJJ6d4
E
! $(%8&2!

7#--=*! .7+*! 7+#22*--!$(%8&2! 7#--=*!>*!+()*1!(23!*:&Y9;!<+*!

5&%4!&5!%&7&%!#-!5#%-7!$=7!89!+(23!8*5&%*!,(9&=7!&2!7+*!4&,3-;!

L&>*)*%!7+*!*Y7%*4#79!#-!%=2!&=7!(-!-+&>*3!#2!_#6=%*!R.(1;!

<+*2! #7!>(-! $&4:%*--*3!89! (2&7+*%!4&,3;!/57*%! 3%9#26! 5&%!

CO! +&=%-A! 7+*! *36*! &5! :%&:*,,*%! +(-! 2&7! 6&&3! -+(:*! (-!

3*-#%*3;! N2! (2! (77*4:7! 7&! #4:%&)*! 7+*! -+&%7$&4#26-! &5!

$(%8&2!:%&7&79:*A!GE6d4
E
!5#8*%!6,(--!#-!=-*3;!<+*!5(8%#$(7#&2!

:%&$*--*-! (%*! 3*7(#,*3! #2! _#6=%*! R.81;! <+#-! 7#4*A! 7#--=*! &5!

5#8*%!6,(--!#-!,(9&=7!&2!7+*!4&,3-!>#7+&=7!$=77#26!7+*!-+(:*;!

@*)*%(,!,(9*%-!&5!7#--=*!(%*!7%#*3!7&!6*7!3#55*%*2$*!5,*Y#8#,#79;!

<+*! ,(-7! ,(9*%! #-! $&)*%*3! 89! :**,! :#,*-! #2! &%3*%! 7&! &87(#2!

-4&&7+! -=%5($*!(23!(,-&! 7&!(8-&%8! 7+*!*Y$**3!*:&Y9;!/57*%!

CO!+&=%-A!7+*!-+(:*!&5!%&7&%!#-!7%#44*3!89!$=77*%!(23!-(23*3!

8*5&%*!8*#26!%*,*(-*3!5%&4!7+*!4&,3-;!!

4 AERODYNAMIC AND PROPULSION

<&! 5#23! :%*$#-*! 5,#6+7! 392(4#$! 4&3*,#26A! 7+%=-7! (23!

7&%K=*!&5!*($+!%&7&%!-+&=,3!$,*(%,9!#3*27#5#*3;!H*$(=-*!&5!#7-!

)*%9!4#2#(7=%*! -#M*A! $+(%($7*%#M(7#&2-! &5! 7+*#%! (*%&392(4#$!

(23!:%&:=,-#)*!:*%5&%4(2$*!(%*!$+(,,*26#26;!<+*!2=4*%#$(,!

-#4=,(7#&2! &5! )*%9! ,&>! 8,(3*'[*92&,3-! 2=48*%!

(*%&392(4#$-! #-! -7%*2=&=-;! UY:*%#4*27(,! 4*(-=%*4*27! &5!

-=$+! (! ,&>! 5&%$*'4&4*27! #-! (,-&! )*%9! 3#55#$=,7;! N2! 7+*!

:%*-*27! :%&X*$7A! 7+*! &8X*$7#)*! #-! 7&! 5#23! (2! #25,=*2$*! (23!

#27*%($7#&2! &5! *($+! %&7&%! &2! (2&7+*%! %&7&%! *-:*$#(,,9! >+*2!

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

*Y:*$7*3;! H&7+! 2=4*%#$(,! -#4=,(7#&2! (23! *Y:*%#4*27(,! 7*-7!

(%*!:*%5&%4*3!(23!>#,,!8*!$&4:(%*3!#2!7+*!5=7=%*;!

!

Numerical Simulation 

N2! 7+#-! -7=39A! 7+*! &)*%-*7! -7%=$7=%*3! 4*-+*-! (%*! =-*3;!

Q#55*%*27! 5%&4! 7+*! 4*-+*-! 5&%! "[_! 4&3*,A! 5#)*! #-&,(7*3!

8,&$?-! #2! >+#$+! 5&=%! 8,&$?-! $&25&%4! 5&=%! 8,(3*-! (23! (!

$9,#23%#$(,! 8,&$?! 5&%! 8($?6%&=23! 4*-+! (%*! 6*2*%(7*3;!

@*)*%(,! %&7&%! :#7$+#26! $(-*-! (%*! -7=3#*3! 89! ]#=! BCED! -=$+!

#,,=-7%(7*3!#2!_#6=%*!T;!

!

Test Bench for NACR Concept 

<+*! $+(,,*26*! &5! *Y:*%#4*27! &5! 2(2&! %&7&%! #-! 7&! 4*(-=%*!

:%*$#-*,9! -4(,,! 7+%=-7A! 7&%K=*! (23! &7+*%! :(%(4*7*%-;!/-! 7+*!

*Y:*$7*3!4(Y#4=4!7+%=-7!&5!*($+!%&7&%!#-!&%3*%!&5!CJ!6%(4-A!

-*2-&%! -+&=,3!+()*!($$=%($9!8*77*%! 7+(2!J;O!6%(4-! 5&%$*! 7&!

($+#*)*! (2! *%%&%! &5! ,*--! 7+(2! Ok;! "(29! -#26,*'%&7&%! 7*-7!

8*2$+*-!+(3!8**2!3*)*,&:*3!(23!7*-7*3!(7!N@/U!-#2$*!EJJT!

BCTD;! <+*! -7=39! #-! -(7#-5#*3! 8=7! (,,! &5! 7+*4! (%*! &2,9! 7>&!

$&4:&2*27-! .7+%=-7! (23! 7&%K=*1;! N@/U!3*)*,&:*3!2*>!+#6+!

:%*$#-#&2! O'$&4:&2*27! 2(2&! -7#26! 8(,(2$*! #2! EJJZ;! <+%=-7!

(23!7&%K=*!&5!$&(Y#(,!2(2&!%&7&%!>*%*!&8-*%)*3!89!7+#-!+#6+!

:%*$#-#&2! 2(2&! -7#26! 8(,(2$*! 8=7! 7+*9! (%*! X=-7! 4*(-=%*3!

7&6*7+*%! BCED;! b&>! NACR! #-! 4&%*! (23! 4&%*! $+(,,*26#26!

-#2$*!7+*!&8X*$7#)*!#-!7&!4*(-=%*!)*%9!:*7#7*!#25,=*2$*!&5!7#,7'

(26,*! &5! 7+*! %&7&%! #2! :(%7#$=,(%! &2! 7+*! ,&>*%! %&7&%;! [&7&%!

4=-7!8*!-*:(%(7*,9!#3*27#5#*3;!

!

!
!

!
!
!

!
!

_#6=%*!TV!b=4*%#$(,!@#4=,(7#&2!&5!c&(Y#(,!b(2&![&7&%!3&2*!89!]#=;!

!

!
_#6=%*!TV!UY:*%#4*27(,!@*7!=:!&5!<#,7'[&7&%!#2!NACR!:%&X*$7;!

!

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

4&4*27-! -+&=,3! 8*! &8-*%)*3;! <+*%*5&%*A! 7+*9! +()*! 7&! 8*!

#3*27#5#*3! 89! 7+*! O'$&4:&2*27! 8(,(2$*;! f*7A! &2,9! &2*! O'

$&4:&2*27! 8(,(2$*! #-! ()(#,(8,*;! b*>! -&,=7#&2! -+&=,3! 8*!

5&=23;!_&,,&>#26! 7+*! 5($7! 7+(7!8,&>#26! #23=$*3!5,&>!&5! 7+*!

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

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

!

!

!

6#)*-!&2,9! 7+%=-7! (,#62*3! 7&! 7+*!4&7&%!(Y#-!>+#,*! 7+*! ,&>*%!

%&7&%!4(9! :%&3=$*! &7+*%! ,(7*%(,! 5&%$*-! d! 4&4*27-;! <+=-A! (!

2*>!*Y:*%#4*27(,!7*-7!-*7!=:!#-!#2-7(,,*3;!<+*!=::*%!%&7&%!#-!

4&=27*3!89!7+*!2(2&!8*2$+!(23!7+*!,&>*%!%&7&%!#-!$(%*5=,,9!

-=::&%7*3!89!O'$&4:&2*27!2(2&!-7#26!8(,(2$*!(-!#,,=-7%(7*3!

#2! _#6=%*! T;! H&7+! 8(,(2$*-! (%*! #2-7(,,*3! 7&6*7+*%;! <+*!

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

(26,*;!@&!2&%4(,! 5&%$*-A!-#3*!5&%$*A!:#7$+!(23!9(>!4&4*27!

&5!,&>*%!%&7&%!$(2!8*!4*(-=%*3!8*-#3*!7+%=-7d7&%K=*!&5!8&7+!

%&7&%-;! /,,! *,*$7%#$! :(%(4*7*%-! (23! %&7&%! -:**3-! >#,,! 8*!

4*(-=%*3!(-!>*,,;!!

5 STRUCTURE

"(#2! 5=2$7#&2! &5! -7%=$7=%*! 5&%! NACR! #-! +&,3#26! (23!

$&22*$7#26!4&7&%-! (23! (,,! &7+*%! $&4:&2*27-;!b*)*%7+*,*--A!

-#2$*!7+*!$&4:&2*27-!-*,*$7*3!5&%!NACR!4=-7!8*!)*%9!,#6+7A!

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

7+*4;!<+*%*5&%*A! 7+*!-7%=$7=%*!&5!NACR! #-!3*-#62*3!7&!+&,3!

(23!$&)*%!(,,!&7+*%!$&4:&2*27-;!<+*!,#6+7!(23!-7#55!4(7*%#(,!

4=-7!8*!$(%*5=,,9!-*,*$7*3;!I2!-+*,5!$(%8&2!%&3!#-!&57*2!=-*3!

5&%! 7+*! -7%=$7=%*! &5!"/0-! -=$+! (-! -**2! 89!Vision’Air! (23!

Link MAV! #2!_#6=%*!Z;!<+#-!4(7*%#(,!+(-!(,%*(39!:%&)*3!#7-!

-7#552*--;!!
!

! !
!

_#6=%*!ZV!"/0;!
]*57V!C-7!)*%-#&2!&5!Vision’Air!&5!N@/U!.EJJR1!

[#6+7V!Link MAV!&5!]#2?&:#26!j2#)*%-#79!.N"/0JRA!<&=,&=-*1!

!

! !
!

_#6=%*!CJV!_#%-7!/77*4:7!&5!@7%=$7=%*!Q*-#62;!

!

L&>*)*%A! #7! #-! 2&7! *(-9! 7&! 5#23! 7+*! %#6+7! (23! &:7#4#M*3!

3#4*2-#&2!&5!$(%8&2!%&3!8*$(=-*!7+*!3#(4*7*%!&5!)*+#$,*!#-!

)*%9! -4(,,! .(%&=23! T! $41;! I55'7+*'-+*,)*-! J;O44! $(%8&2!

%&3-!$(22&7!8*!-+(:*3!7&!(!$#%$,*!5&%4A!>+#,*!7+(7!&5!J;F44!

#-!7&&!-4(,,!(23!-&57;!N2!(33#7#&2A!#7!#-!2&7!*(-9!7&!4(?*!7+*!

$&22*$7#&2!8*7>**2!*($+!:(%7!89!&2'-+*,5!$(%8&2!%&3;!!!

Q=*! 7&! 7+*! -7%=$7=%*! &5! NACR! >+#$+! +(-! 4(29!

$&22*$7#&2-A! 5(8%#$(7#&2! 89! %(:#3! :%&7&79:*! 4($+#2*! +(-!

8**2! $(%%#*3! &=7;! <+*! -7%=$7=%*! >(-! 3*-#62*3! 89! c/<N/!

._#6=%*!CJ',*571A!(23!-*27!7&!(!cbc!4($+#2*;!<+*!&=7$&4*!#-!

:%*-*27*3!#2!_#6=%*!CJ'%#6+7;!L&>*)*%A!7+*!-7%=$7=%*!#-!)*%9!

5%(6#,*!-#2$*!7+*!4($+#2*!5&,,&>-!c(%7*-#(2!:(7+!,#2*-;!!
!

! !
!

_#6=%*!CCV!j2#'Q#%*$7#&2!c(%8&2!N2'L&=-*!b/0!@7%=$7=%*!@&,=7#&2;!

!

_#2(,,9A! $(%8&2! 4(7*%#(,! +(-! 8**2! %*'$&2-#3*%*3;! j2#'

3#%*$7#&2! $(%8&2! (23! *:&Y9! #-! =-*3! 5&%! (!>*7! ,(9=:;! N2! 7+*!

5#%-7! (77*4:7A! 7+*! >*7'$(%8&2! #-! 5&%4*3! 89! (! -#4:,*!

$9,#23%#$(,! 7=8*;! /-! #,,=-7%(7*3! #2! _#6=%*! CCA! (! -:#%(,!

-7%=$7=%*!#-! 7%#*3!>#7+!7+*!*Y:*$7(7#&2!&5!5,*Y#8#,#79!8*7>**2!

7>&!%&7&%-;!<+*!>*#6+7!&5!7+#-!5#%-7!(77*4:7!#-!(8&=7!E;O6;!!!

6 SMART ACTUATORS TEST

UY:*%#4*27(,! 7*-7! #-! $&23=$7*3! 7&! $+(%($7*%#M*! 7+*!

:*%5&%4(2$*! (23! *55#$#*2$9! &5! 2*>! -4(%7! ($7=(7&%-;! /-! (!

-7%(7A!-#4:,*!(23!8(-#$!7*-7-!>*%*!:*%5&%4*3!(-!-+&>2!#2!_#6;!

CE.(1;!<+*!($$=%(7*! 7#:!3#-:,($*4*27!=23*%!-*)*%(,!*Y7*%2(,!

$&2-7(27! 5&%$*-! >(-! 4*(-=%*3! 89! (! +#6+! %*-&,=7#&2! ,(-*%!

3*)#$*! >#7+! 7+*! ($$=%($9! &5! C$4! :*%! )&,7;! "*$+(2#$(,!

:%&:*%79! &5! 7+#-! N\"c! $(2! 8*! (2(,9M*3;! <+*! *Y:*%#4*27(,!

-*7=:! >#7+! 4#$%&! 8(,(2$*! 4*(-=%*4*27! -9-7*4! BCZD!

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

5&%$*! 7*-7#26! &5! N\"c! -(4:,*-;! \%&:*%! -:*$#5#$(7#&2-! 5&%!

N"\c!3*-#62!($$&%3#26!7&!b/0!%*K=#%*4*27-!(%*!*Y7%($7*3;!

<+*! N\"c! 7*-7*3! #2! 7+#-! -7=39! +(-! (! -#M*!&5! GJYCJYJ;F44!

(23!(!4(--!&5!J;G6;!

/-! 7+*! (::,#$(7#&2! &5! N\"c! >+*2! #2-7(,,*3! 7&! 7+*!

:%&7&79:*! #-!2&7!-#4:,*! #2! 7+*!5#%-7! 7*-7A! 7+*! 5&,,&>#26!>&%?!

>#,,! 8*! 7&! 7*-7! N\"c-! =23*%! 7+*! 6*2*%#$! *2)#%&24*27! 7*-7!

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

#2$%*(-*3A! 5,#6+7! -:**3! (23! 2&%4(,! 5&%$*! &2! %&7&%! #2$%*(-*;!

<+*%*5&%*A! 7+*! $&2-7(27! *Y7*%2(,! ,&(3! 4*(-=%*4*27! #2! 7+*!

:%*)#&=-!-*7!=:!#-!2&7!*Y($7,9!7%=*;!b*>!-*7!=:!#-!%*:%*-*27*3!

#2!_#6=%*!CE.81;!`2&>2':%&:*%79!4#2#(7=%*!8*(4!#-!=7#,#M*3!

7&! -#4=,(7*! 7+*! *Y7*%2(,! 5&%$*! >+#$+! #-! (! 5=2$7#&2! &5! 7#,7'

(26,*!(23!,*267+!&5!8*(4;!!!

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

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

&8X*$7#)*!&5!:%*$#-#&2!$&27%&,!&5! N\"c!($7=(7&%A!>+#$+! #-! (!

$%#7#$(,!:%&$*--!5&%!b/0-!5,#6+7!-7(8#,#79;!

!
.(1!

_#6=%*!CEV!N\"c!c+(%($7*%#M(7#&2!<*-7!H*2$+;!
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!
_#6=%*!CEV!N\"c!c+(%($7*%#M(7#&2!<*-7!H*2$+!.$&27;1!

7 ELECTRONIC COMPONENTS

<+#-!#-!(2&7+*%!)*%9!#4:&%7(27!7&:#$!&5!NACR;!b&%4(,,9A!

*,*$7%&2#$! &5! 5,9#26! %&7(%9'>#26! [c! $&2-#-7-! &5! (! %*$*#)*%A!

-:**3! $&27%&,,*%A! 69%&-$&:*A! -*%)&-! &%! ($7=(7&%-! (23! 7+*!

,#6+7*-7! 4(--! &5! *($+! $&4:&2*27! 7+(7! $(2! 8*! 5&=23!

$&44*%$#(,,9! (%*! J;FA! J;EA! E;FA! J;G6A! %*-:*$7#)*,9;! NACR!

%*K=#%*-!(!:(#%!&5! %&7&%-!(23!(!4#2#4=4!&5!&2*!($7=(7&%!-&!

7+*! 7&7(,! 4(--! &5! *,*$7%&2#$! $&4:&2*27-! #-! *K=(,! 7&! O;R6;!

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

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

=-*!&2'-+*,5!$&4:&2*27-!(-!*,*$7%&2#$-!:(%7!&5!NACR;!@4(,,!

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

4=,7#3#-$#:,#2(%9! &:7#4#M*3! 3*-#62! -=$+! (-! -+(:*! (23!

-7%=$7=%*! 7&! 8*! (-! ,#6+7! (-! :&--#8,*;! /,,! *,*$7%&2#$!

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

*7$;A! 4(9! 8*! #27*6%(7*3! &2! 8&(%3;! \cH! 8&(%3! &5! *,*$7%&2#$!

$(2!8*!(!:(%7!&5! -7%=$7=%*!(-!>*,,;!<+*!3*-#62!&5!*,*$7%&2#$!

$&4:&2*27-! #-! 8*#26! $&&:*%(7*3! >#7+! &7+*%! 3*:(%74*27! &5!

N@/U;!<+*!&8X*$7#)*! #-! 7&! %*($+!O6%(4-!&5!*,*$7%&2#$!8&(%3!

#2$,=3#26!-*2-&%-;!!

8 CONCLUSION

/!2*>!$&2$*:7!&5!$&(Y#(,!%&7&%!b(2&!/#%!0*+#$,*!.b/01!

+(-! 8**2! :%*-*27*3! #2! 7+#-! :(:*%;! <+*! =::*%! %&7&%! $(2! 8*!

7#,7*3! #2! &%3*%! 7&! :%&)#3*! %&,,! (23! :#7$+! $&27%&,! >+#,*!

3#55*%*27#(,!7+%&77,*!:%&)#3*-!$&27%&,!#2!9(>;!/4&26!-*)*%(,!

*,*$7%&'($7#)*!($7=(7&%-A!N\"c!+(-!8**2!-*,*$7*3!8*$(=-*!&5!

7+*! ,&>! 3%#)#26! )&,7(6*! (23! 7+*! %*(-&2(8,*! (4:,#7=3*!

:%&)#3*3;! H*5&%*! 3*-#62#26! (! 5,9#26! :%&7&79:*A! N\"c!

($7=(7&%-! 2**3! 7&! 8*! 7*-7*3! (23! $&4:(%*3! >#7+! *Y#-7#26!

($7=(7&%-;! <+*! :%&:*,,*%! #27*%($7#&2!>#,,! 8*! -7=3#*3! =-#26! (!

2*>! 7*-7! 8*2$+! 3*)&7*3! 7&! *Y7%*4*,9! ,&>! 7+%=-7! 5&%$*! (-!

:%&3=$*3!89!(!$&(Y#(,!2(2&!%&7&%;! N2! 7+*!2*(%! 5=7=%*A!(! 7#,7'

%&7&%!$&2$*:7!>#,,!8*!*)(,=(7*3!89! -$(,#26!=:! 7+*!:,(75&%4;!

<+*! :%&7&79:*! 89! (! 5($7&%! &5! EA! $(,,*3! "N$%&! c&(Y#(,!

cI=27*%'%&7(7#26! [&7&%-! .MICCOR1A! >#,,! 8*! 4(3*! (7!

`(-*7-(%7! j2#)*%-#79;! /! %(3#&'$&27%&,,*3! :%&7&79:*! >#,,! 8*!

*K=#::*3!>#7+!7+%**!69%&-$&:*-;!!
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