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Do wind turbines produce significant low frequency sound levels?
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Sources of wind turbine sound
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Measured wind turbine sound spectra
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)/A4* *(111D,</(*0'S9B311*)!B*&*BO!", B 10*G!H/(DO'K!)+!73,,*71/3(143,1738*,*(1!
*4B*71/3(!-'/(01118*10D,4'7*T>1'()14,3H!" X JR-"$VIHI'<B&*I'9'&*)11*, ' 7*I'()IUIH!/(!



4,3(1134118*14'p ) 1341 )F*BB/(-I'L!@VXIH!)/01'(7%14,3H!18*!(* *01!,3F13411D,</(*0ISH*0D,*)!
I*GIH/(DO![!)+!73,,¥71/3(143,1/(738* *(1!,*4B*71/3(I'1118*14'p")*T$!!

R(1*7819',113414/-D *I"lUXX!09%71,'1SO9'7H¥ AT "0 F*BBI'0! 18*I%(* -21'&*,'-*)109*71, DH!
8'&*1<**(19B311*)$IAB03I18*173, *B'1/3(173*4HR*(BE**('BBID(F*/-81*)!"[1371'&*1<'()!
B*&*B0!'()!18*13&*,'BBIANF*/-81*)103D()!B*&*B0!8'0!<**(19B311*)!43, ¥ 781"|[1371'&*I<'()!
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R(14/-D,*1UIL8/, 1+(IH3,*)*1'/B*)I"NO*73()! "7 1'&*1<'()109*71,18'&*I<**(19B311%)!14, 3H! 18*!
03D()!3(118*14'p)*IS0**14/-D,*I"T$|AB183D-8!18*1<]]B!083DB)!<*I1'K*(I0H'BB*,1131)*1*71!
18*18' H3(/70!34!18*1<B")*19'00/(-14,*GD*(72H"liL>118*14/,0118' H3(7!I'L!ULLY/0! 7B+, B2!
&I0/<B*$IAIH3,*1)*1'/B*)109*71, DEHAR)/(-B*I1D, </(*1/01-/&*(1<21+*1 K5t alN\?]$!!

|

R(14/-D,*I[118*118,*1'&* '-*109%71,'14, 3H14/-D HB' &1 <**(1 *9* 1¥)>1'()| 18*IH*)/"(18*" /(-!
18,*083B)!43,1313B3-/7'BB2!0*B*71*)123B 0} 773,)/(-113!R6CIUUKI\"X] TI8'01<**(1)*)!
'0JF*BBI'0118*18*' /(-118,*083B)!43,118*1<*01(8*XZ!134!18/0!-, 3D9!S"XI9* 7*(1/B*TIF8/78!
/01@!13IW!)+I<*B3FI18*IH*)/'(1B*&*BFERY, B'1118*103D()!<fBY9,$!UXIILIHDO1!<*!
73(00)* *)1/('D)/<B*143,1*&*(IF*BBI8* /(-19*39B51*&*(IF8*(13(*101'()0! 7B30*!113118*11D, </(*$!
63D()!B*&*B0!'<3&*118*IB3F!4,*GD*(72! XPLI<*B3F!'99, $!"XXXIit 3H/('(1!F/18!
*09*71113!'D)/</B/123!!
f,3H14/-D,*I[1/11/017B*118'1103D()!B*&*BOCKIH!I4,3H!' 1D, </(*!S18*1 1F3ID99*,109* 71, T!'()!
'"111B37'1/3(| @VXIKHI'F'214,3H!18*14/,01!, 3EBA/(*0!', *134173H9",'<B*IB*&*B!'11/(4,'03(/7!
4,*GD*(7/0m!/(14'71118*IBA&44* 013(B2!=1)+$! AB183D-81IBr}-8,1)/01'(7*118*103D()!B*&*B!
341'0/(-B*11D,</(*)*7,*0*0>118/0!/0173D(1*(@B!<2!18*14'71118'11H31D,</(*0!73(1,/<D1*$!
A118/-8*,14, *GD*(7/*0118*10'H*1/011, D*>I<ITI40/(-1)/01'(7*1H3,*103D () *(*,-2!/0'B301!
<*7'D0O*1341'<03,91/3($!!

M8*109*71,"1/(14/-D, 1[I *1)/&/)*)1/(118, 1, *-/3(0$!f3,14,* GD*(7/+01<*B3F!I"X!iL!18*103D()!/0!
)3H/('1*)1<2!18/7K(*00!(3/0*1D037/'1%)!F/18!18*1<B"*19'qe¥4, *GD*(72!S'()!8',H3(/70T$!
M8*(>1/(118*18/-8*,1/(4,'03D()!,%/3('()'DIF',)0>IF8* *118* B*&*B!4'BB0!B*00!01**0B2>!/(N4B3F!
1D,<DB*(7*/0118*)3H/('(1!03D()!9,3)D7/(-IH*T®HS!#,)D'BB2>!'114, *GD*(7/*01'<3&*!"XX!
iL>1"/,43/B10*B4N(3/0*!/01<*73H/(-118*1§3BM('(1103D, 7*>!} 7B/(/(-!3(B2!'1!8/-8!
4,*GD*(7/*013410%&*,'BIKIL$!!

|

Impulsiveness!
E/()!1D,</(*!03D()!/0!(31!DOD'BB2!73(0/)*,*)!13/49DB0/&*>!1"0!/1!18'0!'"!H3,*!3,!B*00! 73(01'(1!
B*&*B!)D*113!18*!*00*(1/'BB2!,'()3H!('134*.8*!03D()!9,3)D71/3('H*78'(/OH0$!AB183D-8!
18**I' *19* /3)/7!'D)/<B*I0F/089>118*0*!",*!(31*GD'B!13!P/HBDBO*0Q!B/K*I8'HH*,/(-!3,!
-D(108310%!
I3F*&*,>1/(1"01'<B*I"L1H3098*,118*19*,/3)/7!0F/08*0!",*IB3D)*.8'(!/(!)'21/H*I'()!,*0/)*(10!
DO*!F3,)0!B/K*I7B'99/(->!<*'1/(-!3,118DH9/ (1B 7,/<*118*178','71*,!13,118*I03D()$!R (118*!
7'0*134118*1g8*)*IF/()!9',K>118*I<*'1/(-17'(I<*18*,)17B*,B2!'11)/01'(7*0!34!'1!1B*'01!D9!13!"!
KH!"()!'"11(/-81!13(*!7'('DO*!/11131)*1* H/(*118!,31'1/3('B!09**)!34!XBLD,</(*$!63!9*,8'90!
F/()'1D,</(*0!7'(19,3)D7*!/HO9DB0/&*!03D()>!<D1!8(B2*7/4/7"'1H3098*,/7!73()/1/3(0J!18*!
'1H3098* *IHD01!<*101'<B*$!M3!D()*,01'(Q!8!HD01!D()*,01'()!18*!/HIB/7'1/3(0!34!"!
01'<B*I"LH3098*,*IF/18!,*09*7 IF1J¥!118*IH'11*,1),/&/(-!F/()!1D,</(*0$!!
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Los || B*411'a/01S/(1)+TIIIBO*7D1/&*>ID(F*/-81%)
'01"I0*73()109'7*)!"I[1371'&*1<' () B*&*BO!
TO06 S18/('B/(*0T>I'()!'&*,'-*109*71,'B!B*&*B!S18/TK!
B/(*T!(*',|1F3!1D,</(*0"()!(*',)F*BB/(-m!!
104 I
1 o2 1-811'a/0J'73*44/7/*(1134173,,*B'1/3(!SB/(*!'F(18!
' H',K*0TI'1*78!"[!1371'&*!<'()!4,*GD*(72!
. Loo <*1F**('BBIUXX!"['371'&*!1<'()!B*&*B0!()!
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f/-D,*1UJ!! f/-D,* 1[I *-/3(0M(1" [1371'&*1<'()I09*71,"!
"ID(F*/-81%)>1"10*73()109'7*)!"[1371'&*! (*'11D,</(*0!S-,*21'()118/(1<B'7KIB/(*T!'()!
<'()!IB*&*BO!(*,"1D,</(*!! )F*BB/(-1S)311%)!B/(*TIE8!'&*,'-*109*71, DH!
0B39*/(1)+)*7'y*>I')1"XI'()IVXI9* 7*(1/B*!
8*,/(-118,*083B)!B*&*B!43,!23D(-!")DB10!"!




M8*IF/()!09**)1&g!'1!8*/-81!8!/(118*I"TH3098* *I7'(I<*IF,/11*(1'0J!
!

! &!r'& nS8IgT! S"T!

|

F8* *1& +4l/0V18*IF/()|09**)I'L1 *4* *(7*18*/-81!8 .,/SDOD'BB2!"XIHT$!IM8*1*a93(*(1!H!!
)*9*()0!D93(!'1H3098*,/7101'</B/12$!f3,I"[¥1, BI'LH3098* *>1377D, /(-'D()*,!18* &2!
7B3D)/(-1'(13,1/(101,3(-1F/()0>1/,1<D32'(721)3H/( '1*0!18* H'B!*44*710!'()!H!8'0!'| & BD*134!
'99,$IX$USIR(!'(ID(01'<B*I'LH3098*,*>1'01/0!HYDR'BH*IS/41(31!(*D1, BT>!H!8'0!' &' BD*134!
'99,$IX$"$IR("101'<B*I'LH3098* *IHI083DB)18*BB2!,*78!&'BDP®! 13!'"!H'a/HDH!34!
sU>1)*07,/</(-9"'<3B/7!F/()!9,34/B*173:093()/(-113!B'H/(',|4B3F$!cD, |g8*)*!
H*0D,*H*(1012/*B)*)!&'BD*0!34!H! D913 XERAW' HOB*!4,3H!)'1'14,3H118*1g32'BleD178!
0*1*3,3B3-/7'BIR(01/1D1*_:ORN\""|!083F0!A$'1)!18/0!18*3,*1/7'BIH'a/HDH!7'(!<*!
F78931/(11*(13D 11341 1F*B&*IH/)(/-81!8'83ID,01S'&*,'-*013&* IXIXXISIXJ[X#OMTI341+ 78!
4/,011(/-81!34118*IH3(18!18* *IF'OVI1*HORH!/(&*,0/3(1/(118*IB3F* I"UXIH>!/()/7"L/(-)
'1H3098*,/7101'</B/12$!c4118*0*1/(10/a! 7' OFDIH®* 1D, *I/(7,*0%)IF/18!H3,*118'("lto!
4,3HI"XI131"UXIH!8*/-811'()118**a93(*(H!S7'B7DB'1%)14,3H!S " TJIH!IB3&B&IB3-SWTT!
F'OIX$=[>IX$==>IXSVV>IXSVWSIXSK@!'()IX$@ U)NSFH28H7a3]13D-8!'('B20/013(1H3, *!
)'1'11313<1/(101'1/01/7'BB2!,*B*&'(1!B3(-N1* H! *ODB10T$!
R(118*143BB3F/(-11*a1!F*IF/BB!DO*!'& BD*IH!IIX$"143,I'(ID(01'<B*I'LH3098* *I'()IH!IrX$k143, 1"
01'<B*I'LH3098* *$!M8*0*1&'BD*0!F/BBI4AMIBIL/1D)*0!<*LF**(I"X!I')I"UXIH$!IR 11/0!
9,3<'<B*118'1118*IF/()!9,34/B*!'<3&*"UXIH!F/BRIBBB3F!43,HDB'IS"T>!'0*&*(1D'BB2!" H3, *
3,1B*00!73(01'(1!F/()!09*)1S18*301,398/7!F/() T!IF/BBI<*I'11'/(*)>19* 8'90>/(1'101'<B*!
'TH3098* *>I'41*, I')*7 *O*IF8*(118*1139!34!'IBERIB*&*BI;*1QI"LII'ISRAIHI8*/-8118'01<**(!
F78%$14+*7'D0*134118/0>118%1391/H'BI8*/-8IRIPLD, </(*14, 3HI'(1*(*,-*1/7193/(1!341&/*F!
F/B19,3<'<B2I<*'<3D1I"XXIH$!

|
Y44*7101)*9*()13(IF/()!1D,</(*19,39*,1/*01SOD78!'0109%*)>1)/'H*1*,I'()18%/-8 1 T$!E*IF/BB!DO*!
129/7'B!)/H*(0/3(0!34!"1H3)*,(I"$VNU!OE!F/()LD,</(*J!18D<!8*/-811WXIH>!,313,1)/ H*1*|@X!
HI'()!,31'1/3('BI09**)/(7,*0/(-IF/18!F/ ()!09**)!113!'H'a/HDH!&'BD*1341UX!,9H$!

|

:3F118* *I' *I11F 3!, *03(0!F82118*19* /3)/7I0F/08*0!'7GD/,*!''H3,*//HODB0/&*! 78", 71* 1/(!'
01'<B*I'IH3098* *! *B'1/&*113D(01'<B*13,!(*D1,'BI'1H3098* *$!

"N g31'1/3(BI09*)IF/BBI<H)*1* H/(*)1<21'1, 313, I'&*,'-*)IF/()109**)>1<D1118*1)/44* *(7*!
J(IE/()109%+)1<* 1 F**(118*ID99*, I'()IB3F*,19',1 134118*1,313,1/(7,*0*0$!6D9930*118*F/()!
09%)1'118D<!8*/-81!/04r'WIHIOSIM8*(1/(1) 21/H*ISHINX$" TI 18*1F/()!09**)I'1118*IB3F*01!
93/(1!34!18*,313,!F3DB)!<I8@$KIHIO>!"1118*18/-8*01193K BN S[IHSIMS*1)/44*% *(7*1/(!
F/()!109%+)13&*,118*1,313,1341X$[MI0! 7'DO*0!' 78'(-*I/('(-B*! 341'11'7KI3413(B2IX$UVIS<318!
9BDO!3,!H/(DO!,*B'1/&*!131'&*,'-*1&'BD*T$! Al SIS, 1/7'B! 1/B 11348183, 1 7'(13440*1118/0$!
R(I(/-811/H*ISHIIX$KTIB3F*&*, >I'1118*10'H*IF/()|09**)!'118D<!8*/-8 LIS @ HIO!'()}&,!
2$21HI0>103118*1)/44* *(7*/(1F/()109**)13&*,11893,1'()118*178'(-*1/( I'(-B*I1341'11' 7K' *!
(3FIKIL/H*0V'0!B',-+JIUS " IHIQ)!"$Vt>!, *09%7 1/&*B2$IAQ! 1 78D*(7+118*, *IF/BBI<*IH3,*!

'/, 43/B10*B4N(3/0*$!!

Al4D,18* 1*44*711/0118'1118* *1/0V'l- #/QH'178!<*1F**(1391/HDH!'()!'71D'B!'(-B*134!
'11'7KIF8*(118%1<B")*19'00*0! 18*IH'0 1! SF8* * 1B-'0'B, *) 21" H/OH'178!)D*113118*I1 1 3F* T>!
7'DO/(-18/-8%,1<B)*IB3')/(-I'()!H3,*11D,<DB*(7* $!M8/0!*44*711/0! *)/B2!'D)/<B*IF8*(!(/-81!
4'BB0J!18*I<B')*0!01',117B'99KA3/(-I'1118*1<B')*19'00/(-14 *G D*(72$!M8*!*44*711/0101,3(-*,!
F8*(101'</B/12!/(7,*0*0>!'()'BO3IF8*(IF/()09**)!'118D<!8*/-811/(7,*0*0!D9!13118*193/(1!
F8* *14,/71/3(11D,<DB*(7*13&*,,/)*010BAI2!'()118*'IH3098* *I<*73H*0!(*D1, B$!

UN  AO!IF'0I083F(1*,B/* \W]>1/(I"01'<B1H3098* *IF/()!1D,</(*0!7'(!, D('BH301!
02(78,3(3D0B2!<*7'DO*I18*! *B'1/&*!'<0*(71B&DB*(7*1B*)0!13!B*00!,'()3H!H31/3(!



0D9* /H930%)!3(118*173(01'(1!S'&*, -*TIF/()I09**J1L1*'7811D,</(*$IMD,</(*0V/(I" F/()!9' K!

18* *43 *1*a9* [*(7*I'F/()!18'11/0!H3,*173(01(1!3&* !-,*'1*1)/01'(7*0$!AQ!", *ODB1118*211%()!
131,71118*10'H*>118'11/0J118*/,11D,</(*109*%{B, *I(*' B21*GD'B$!M8/0!/0! 73(4/,H*)!<2!
B3(-!11* HIH*0D,*H*(10!<2!:('8','l et 'BIF83!'('B20%)!1738* *(7*1341F/()!09**)0!'1!
B37'1/3(01"1/(7,*0/(-1)/01'(7*0Y/(11F3!73'a'B!" *ON"U]$!A1! (/81!83D,0!F/()|09**)0!'1!

)/44* *(11B37'1/3(0'F*,*143D()113178'(-*IH3,*BB* *(1B2118'(118*21)/)I"L1) 2 1/H*\"[|$!M8*!
)A4* *(TA1<*1F**(1(/-811'()!)'2!83D,0!F'0!(31 1&*,2101,3(->19,3<'<B2!1<*7'D0*1;D01!1/H*134!
)'21/01''8*B94DB>!<D1!(31!10D44/7/*(11/()/ 7103, 4B/12>1*09* 7/ BR2({310*1'()|3&*,'BB!
)'21B*(-1801/(I'(1*(1/,*12* $!
++7'D0*134118HkarN02(78,3(/7/12!3410%&*,'BI1D,<ABBHIL/H*0! 1F 3! *1/(198'0*1'()! 18!
<B')*19'00/(-19DB0*0!73/(7/)*>!'()118*(!-3!3CBUIO8'0*!'-'/($IMB*I0'H*I7'(18'99%(143,118, **!
'()19*%,8'901H3,*11D,</(*0$!Ya'71102(78,3(/7/123DB)!(31!-/&*118*10'H*I*44*71>1<*7'D0O*/11/0!
IH9,3<'<B*!18'1!'(13<0* &* IF3DB)!8* 118*@MB0*0!'1118*10'H* 1/H*$!+*7'D0*I1341(*' N
02(78,3(/7/12183F*&* >!'(13<0* &* IF/BBI8*, 173/(7/)/(-'9DB0*0!43,19', 1!34118*! 1/H*$!
62(78,3(/7/12!8* *1,*4* 0113!18*103D()!9DBOABAN44* *(111D,</(*D118*IB37'1/3(134!18*!
3<0*,&* J19DB0*0!02(78,3(/L*IF8*(118*2!', J&HDB1'(*3D0B2$!M8/0!)3*0!(31//HIB2!18'1118*!
,313,01", *1/(198'0%J1/(118'117'0*1 18*19DBOEMB)!(31"",,/&*10/HDB1'(*8B2!D(B*00!18*!1D,</(*0!
F3DB)!<*I'11')/01'(7*113118*13<0* &*, *G D31 8*!)/01'(7*103D()!89'-'1*0!/(13(*!9DBO*!
*9*1/1/3(11/H*13,''HDB1/9B*$!

|

+3181*44*710>118*IF/()!09**)!-,)/*(1!I'()!18¢+,N02(78,3(/7/12>1/(7,70*118*1B*&*B!34118*!
03D()!8*,)!F8*(118*!1<B")*0!9'00!18*!13F*,$!M8al,''<B")*!B3")/(-//10*B4!/0!(31!'D)/<B*!
<*7'D0*134!18*!18/-8!8*',/(-118,*083B)!'1!18*!&*,2IB3F!<B")*!9'00/(-!4,*GD*(72$!+D1!18*1*44*71!
3411/ ()D7*)!1D,<DB*(7*!/(7,*0*0!18*|B*&*B04,*GD*(7/*0!18'1!'B,*) 2!1F*,*1)3H/("1/(-!
18*1<*01!'D)/<B*19",1134118*103D()>!18"1@#XIH!)/01'(7*>I"LIUXKBX!IL!Sr!,'(-*!IF/18!
8/-8173,,*B'1/3(1/(14/-D,*!"T$!E8*(118*19DBAAI8*!g8*)*!F/()!9',K!02(78,3(/L*>!18*IB*&*B!
34118*IWXXIL!"[1371'&*1<'()!1S<*01!73,,*B"14))3</B/123!10**!14'p")*I09*71,DH!/(14/-D,*!"T!
/(7,*0*0!F/18!"X")+>1F8*,*'0!18*1131'B!ANF*/-81Bf&*B!!/(7,*'0*0!F/18!V!)+$IR(I-*(*,'B!18*!
8*/-81134!18*19DBO*!F/BB!)*9*()!3(118*178'(#{/8*!134!"11'7K!'()!18*!)/01'(7*0!34!18*!F/()!
1D,</(*0!,*B'1/&*!113!18*13<0RB*!<*'11)D*!113!10*&*,'B!1D,</(*0!F/BB!,*'78!8/-8*,19DB0*!B*&*B0!
F8*('H3,*I11D,</(*0!",*I'11'99,3a/H'1*B2!"GD'B!)/01'(7*0!""()! 73(¥<D1**GD'B!/HH/00/3(!
B*&*B0$!M8*!7B'99/(-13,!<*'1/(MLEDO!"1!F*BBN'D)/<B*!4(TGDH*()!8'0!",*9*1/1/3(!,'1*!
*GD'B!13!18*I<B")*0@/(-!4,*GD*(723$!!

I

Window rattling
AB183D-8!/(4,'03D()!B*&*B0!4,3H!B',-*!1D,</M@AD*(7/*0'<*B3F!UX!IL!",*I1133!B3F!13!<*!
'D)/<B*>118*2!H'2!7'D0*!01,D71D,'B!*B*BA{x@/B)/(-0!13!&/<,'1*$!M8*1&/<,'1/3(0!H'2!
9,3)D7*18/-8*,14,*GD*(72>!'D)/<B*!103D()$!!
E/()3F0!",*!'DOD'BB2!18*!H301!0*(0/1/&*I*B*H{MB*2!H3&*!,*B'1/&*B2!*'02!<*7'D0*!134!18*!
B3F!H'00!9*,I" *'$1%*,7*91/<B*1&/<,'1/3(0F3QBFO!H'2!377D,!'1!14 *GD*(7/*0!4,3H!"113!"X!
iILIF8*(118*!/(73H/(-!"I['371'&*!<'()!03D()!9,*0  OD,*!B*&*B!/0!'1!B*'01!'99,$!VU!)+\"=]m!'1!
8/-8*,13,IB3F*,14,*GD*(7/*0!'\88*,!B*&*B!/0!(**)*)!13!9,3)D79¥, 7*91/<B*1&/<,'1/3(0$!A0! 7'(!
<*10**(!/(14/-D,*0!"15![!03D()!9,*00D,*!B*&*BB&*kX!)+!'114, *GD*(7/*0!<*B3F!"X!iL!377D,!
7B30*113!"1D,</(*!I'0!F*BB1I'@ VX!H!)/01'(7*!'()!4D,18*,$!!

I

AIF/()3FI&/<,"1/(-'1118*/HO/(-/(-14,*GD*(72!1,'( OH/10!18/014,*GD*(72!13118*!/()33,!'/,$!R4!
18/01)3*01(31173/(7/)*IF/181",33H!,*03('(7+>118*103D()!F/BB!(31!<*!B3D)*,118'(13D1)33,0$!f3,!
,33HOY/(1)F*BB/(-0!F/18!'1- * 1*011)/H*(0/3(!34'XIH>! *03('(7*14, *GD*(7/+0!', *18/-8*,118'(!
'99,$I"VIIL!'()!18D0!7'((31173/(7/)*IF/18!,*B*&'(118' H3(/70!34L >118*1<B")*19'00/(-!
4,*GD*(72$!!



i3F*&* >I'F/()3FI9'(*1/10*B4IH'2! 8'&*!' *03('(114,*GD*(72!1342lg.,|=X!L!'()!'4,*GD*(72!
341"X1iL118*(H'210DO1/(MIF/()3F19'(*1,*03 ((7*>118D0!1,'(043,H/(-!//('D)/<B*!/(4,'03D()!
131'D)/<B*18/-8*,14, *GD*(7/*0$! ABO3>!" B3&I'B)F/()3FIH'21H3&*1131'() 14, 31" () 1<*/(-!
01399%)!<2118*IF/()3F!4, H*I&/<,'1*01'118/-814,*GD*(7/+0!,)/'1*)!/(13!18*!, 33H$!

|

Conclusion
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73(0/)*M/('D)/<B*$!13F!4,*GD*(72!/(N4BR.D,<DB*(7*!03D()!H'2!'D)/<B*>!<D1!F/()!

1D,</(*!03D()!/0'B3D)*01!"1!H*)/DH!13!8/&B*(7/*0$!M8/0!,*")/B2!'D)/<B*!03D()!/0!7'D0*)!

<2I'LH3098*,/7"'()!/()D7*)!1D,<DB*(7*I'1!118*RBD,4'7*$!M8*!B*&38!18/0'H*)/DHI8/-8!

4,*GD*(72!1D,<DB*(1!03D()!&" ¥¥08*!,'1*134118*!1<B")*100/(-'4,*GD*(72>!F8/78!7'D0*(0!18*!

129/7'B!0OF/08/(-!03D()!3#H3)*,(IF/()!1D,</(*$!
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9,34/B*1'44*71/(-118*19* 43, H¢!34!""H3)*,(>!1'BB!F/()!1D,</(*$!M8*!'/, 4B3F!",3D()!18*!<B")*!
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8/-8*,19DB0*!B*&*B0!43,!"(13<0*,&*,'3D10/)*| 183! 8*! *0DB1/(-!,*A/R*19DB0*0! 78'(-*118*!

78','71*,134118*!F/()!9',K!I03D()!"()!HDO1k*!*a9*71*)113!7'DO*!")*)I'((32'(7*$!

I

I
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