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φ = u (r, z) e(jkz), C !E"G5a z =A3 :2 >48=3456 >= 78572B23456 >< 3826A><3=<8 =3 r =A3 :I2L= 583J5B562: P :2 78572RB23456!HID;<23456 >I56>= =6 8DB41= J281564;<=W >26A <6 >51246= ;<4 6I=A3 72A A5<14A P >=A?58=A =L3D84=<8=AW =A3 >DY64= 728 :ID;<23456 >Ib=:153O J515BT6=!
∇2φ+ k2φ = 0. C !EcGH= 3826A><3=<8 D3263 2L4AQ1D384;<=W ∇2φ >=S4=63 1

r
∂
∂r

(

r ∂φ
∂r

)

+ ∂2φ
∂z2 ! H=A 3=81=A >=:ID;<23456 C !E"G A563 46385><43A >26A :ID;<23456 >Ib=:153O J515BT6= C !EcG! /46A4W :ID;<2R3456 >=S4=63 `

∂2u

∂z2
+ 2jk

∂φ

∂z
+
1

r

∂

∂r

(

r
∂u

∂r

)

= 0. C !EdGe]



 !"! #$%&'(&)*+*&, -, )&''- #- ./0))*-,,-)%1221 34562789 :1 :7;<=7>1 6@ =1 21@;1 ∂2u
∂z2  !" #$%&'% ()& * (ka)2 $"(#" "+,! %+(#-- .(#" /0 1'#!'* &2$34("'5# 6/0789 - .' #" :

1

r

∂

∂r

(

r
∂u

∂r

)

+ 2jk
∂φ

∂z
= 0. 6/07;9<( !5&4"'5# - &2$34("'5# =(+()5&'34 6/07;9 !2$+'" :

u (r, z) =
A

B + 2jz/k
e
−

r2

B+(2jz/k) . 6/0?@91'#!'* & =5" #"' & - .'" !! - .' #" :
φ (r, z) =

A

B + 2jz/k
e
−

r2

B+(2jz/k) e(jkz). 6/0?/9<2$34("'5# 6/0?/9 -$+'" & =5" #"' & - .'" !! =54+ 4# " +A - &( -$5A=5!'"'5#0 B#=+("'34 * & =5" #"' & - .'" !! !2$+'" !54! &( C5+A -24# !5AA - N %(4!!' ## ! :
φ (r, z) =

j

k

N
∑

n=1

A′n
B′n + 2jz/k

e
−

r2

B′n+(2jz/k)
+jkz

. 6/0?D9E# F(#% A #" - .(+'()& !  !" =5!$ :
δ = z/zr = (2z)/(ka2), 6/0?795G zr = (ka2)/2  !" &( -'!"(# - H(I& '%F0< =5" #"' & - .'" !! - .' #" :

φ (r, δ) =
j

k

N
∑

n=1

An

1 + jBnδ
e
−

Bn(r/a)2

1+jBnδ
+jkzr . 6/0??9J #  " K+ (L (& MJ #  " K+ (L (& * /;88℄ 5#" (&4&$ & ! 5 O' #"! An  " Bn0 P  !"F5'!' $%(& Q 150 <( 5#R%4+("'5#  S=$+'A #"(& -  "+(.('& (!!4+ 342Q  " 5+-+ * &( - !T+'="'5# -4 F(A= - =+ !!'5# C5#-(A #"(& =(+ &( -$5A=5!'"'5#  # !5AA - %(4!!' ## ! !" =+5F -4 +$!4&"("  S(" - <5AA & =54+ 4# ='!"5# '+4&('+ +'%'- MH5% +!  " K4+ #* /;U?℄0V ! - +#' +! !5#" -'!=5#')& ! -(#! & "()& (4 /0/ W4!342Q &25+-+ 150

?7



 !"! #$%&'(&)*+*&, -, )&''- #- ./0))*-,,-) !"#$  ! 1 234 637839:4 An 3: Bn ;3 <= ;>6?@648:869 39 46??3 ;3 A=B44839934 =<B<>4C <D6E;E3 15! 9 An Bn

1 −2, 9716 + 8, 6187i 4, 1869 − 5, 1560i

2 −3, 4811 − 0, 9687i 3, 8398 − 10, 8004i

3 −1, 3982 − 0, 8128i 3, 4355 − 16, 3582i

4 0, 0773 − 0, 3303i 2, 4618 − 27, 7134i

5 2, 8798 + 1, 6109i 5, 4699 + 28, 6319i

6 0, 1259 − 0, 0957i 1, 9833 − 33, 2885i

7 −0, 2641 − 0, 6723i 2, 9335 − 22, 0150i

8 18, 019 + 7, 8291i 6, 3036 + 36, 7772i

9 0, 0518 + 0, 0182i 1, 3046 − 38, 4650i

10 −16, 9438 − 9, 9384i 6, 5889 + 37, 0680i

11 0, 3708 + 5, 4522i 5, 5518 + 22, 4255i

12 −6, 6929 + 4, 0722i 5, 4013 + 16, 7326i

13 −9, 3638 − 4, 9998i 5, 1498 + 11, 1249i

14 1, 5872 − 15, 4212i 4, 9665 + 5, 6855i

15 19, 0024 + 3, 6850i 4, 6296 + 0, 3055i2= 69;8:869 <8?8:3 89:E6;B8:3 @=E <D=6B4:8FB3 3G@E8?>3 8H;3446B4 34: 89:E6;B8:3 ;=94<D>FB=:869 ;B @6:39:83< ;3 <= I8:3443 J !KKL!
V0 (r) = −∂φ

∂z

∣

∣

∣

∣

z=0

= − 1

zr

∂φ

∂δ

∣

∣

∣

∣

δ=0

. J !KML2= ;84:E8NB:869 E=;8=<3 ;3 <= I8:3443 C <= 4BEO=3 ;B :E=94;B:3BE 4D>E8: 46B4 <= O6E?34B8I=9:3 P
V0 (r) =

N
∑

n=1

An e−Bnδ

(

1− 2Bn

(ka)2

(

1−Bn

( r

a

)2
))

. J !K"L2= 69;8:869 (ka)2 >> 1 @3E?3: ;3 E>;B8E3 <D>FB=:869  !K" C <D>FB=:869 4B8I=9:3 P
Vz (r, 0) = V0

N
∑

n=1

Ane−Bn( r
a)

2

. J !KQL

KK



 !"! #$%&'(&)*+*&, -, )&''- #- ./0))*-,,-) !"!# $%&''()* + ,- .%/01&*& .)*3-4&*5-,&12 34525643 756869:; <239 82 9765; <; ;55; :57<; 63<6>7; 82 ?@:>7;3; A4696; >7B;88; 9465?43<2C;3528; 47 A2@C436>7;D 96CE8; 47 <47F8;! 1;9 63<6;9 1 ;5 2 6<;356G;35 8;9 ?@:>7;3;9@;9E;56H;C;35 ?43<2C;3528; ;5 A2@C436>7;! 1;9 63<6;9 I ;5 II @;E@:9;35;35 @;9E;56H;IC;35 82 ?@:>7;3; <B;J6525643 96CE8; ;5 <47F8; <7 5@239<75;7@! /6396D 82 E@;99643 K 82?@:>7;3; ?43<2C;3528; 29946:; K 82 ?@:>7;3; 96CE8; ;95 345:; PI,1 ;5 ;88; 29946:; K 82?@:>7;3; <47F8;D PII,1!/ E2@56@ <; 8B:>725643 LML ;5 <; 82 <695@6F75643 @2<628; <; 82 H65;99; K 82 97@?2; <75@239<75;7@ :C;55;7@D 82 E@;99643 K 82 ?@:>7;3; ?43<2C;3528; K 82 97@?2; <7 5@239<75;7@9B:@65 9479 82 ?4@C; N
P emi

I,1 (0) = ρωcV0

N
∑

n=1

Ane−Bn( r
a)

2

. O !PQR%4396<:@439 73 @:;E5;7@ E4357;8D 5SE6>7;C;35 73 AS<@4EA43;D 82 E@;99643 K 82 ?@:I>7;3; ?43<2C;3528; @;7;6886; ;95 N
P emi

I,1 (r, δ, t) = ρωcV0

N
∑

n=1

An

1− jBnδ
e−

Bn( r
a )2

1−jBnδ ej(ωt−kz). O !PTR1;9 GU7@;9  !V C435@;35 8B2CE8657<; <7 A2CE <; E@;99643 K 82 ?@:>7;3; ?43<2C;3528;<7 5@239<75;7@ ;3 <6W:@;359 E46359 <; 82 E@4E2U25643 <239 8; 29 <B73 5@239<75;7@ 2H;73; 97@?2; 256H; <; <62CX5@; 2a = 0, 375Y 2878:; E2@ 8B;JE@;99643 O !PTR! 1B2CE8657<;34@C2869:; <7 A2CE <; E@;99643 ;3 ?435643 <; 82 <69523; <; E@4E2U25643 ;95 <:@65; ;3GU7@;  !V OFR! 1; A2CE E@4A; ;95 826@;C;35 6<;356G2F8; 2H; 92 86C65; <; A2CE E@4A;<; 8B4@<@; <; 40 CC! 12 GU7@;  !V O<R C435@; 8; A2CE <; E@;99643 :C69 976H235 8B2J;5@239H;@928 <7 5@239<75;7@ K 82 <69523; <; 92 86C65; <; A2CE E@4A;! .@Z; K ;55;;JE@;99643D 82 <695@6F75643 <7 A2CE <; E@;99643 :C69; K 82 97@?2; <7 5@239<75;7@ 976H2358B2J; 5@239H;@928 <7 5@239<75;7@ ;95 96C78:; ;3 GU7@;  !V OR! 1; A2CE <; E@;99643 :C69K 82 97@?2; <7 5@239<75;7@ ;95 F6;3 9479 82 ?4@C; <B73 E69543!%4396<:@439 73 @:;E5;7@ 2H; 73; <6C;39643 G36;D 5SE6>7;C;35 73 5@239<75;7@! %435@26I@;C;35 27 @:;E5;7@ E4357;88;D 82 97@?2; <7 @:;E5;7@ 3B;95 E879 3:U86U;2F8;! 1; @2S43 <7@:;E5;7@D bD ;95 5@X9 U@23< <;H235 82 843U7;7@ <B43<;! 12 E@;99643 @;[7; ;95 284@9 @;7;6886;97@ 8B;39;CF8; <; 92 97@?2;! #; E879D 8; @:;E5;7@ ;95 4396<:@: 286U3: 2H; 8B:C;55;7@! 12P\



 !"! #$%&'(&)*+*&, -, )&''- #- ./0))*-,,-)

 !"#$%  !1 2 /3456789: ;<=3>56?@: 98 B>34 9: 4=:??6<; >585@: C 5D>69: 9: 5> 9@<3E4<?676<; :; ?<33: 9: F>8??6:;;:? G H>I ?86J>;7 5D:;?:3K5: 9:? 963:;?6<;? ?4>76>5:?L HKI?86J>;7 5D>M: 9: 4=<4>F>76<;L HI C 5> ?8=N>: 98 7=>;?987:8= :7 H9I ?8= 5D>M: 7=>;?J:=?>5:C 5> 96?7>;: 9: 5> 56367: 98 B>34 4=<B: 98 7=>;?987:8=!
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 !"! #$%&'(&)*+*&, -, )&''- #- ./0))*-,,-)12344567 869377:3 ; <= 4>2?=3 A> B2=74A>B3>2 ; <= ?2:C>373 ?67A=837B=<3 43 A:D753 1=2 E
P̄ rec

I,1 (r, δ, t) =

∫ ∫

S
P emi

I,1 (r, δ, t) ∂s. F !GHI)65BJ
P̄ rec

I,1 (r, δ, t) =
ρωcV0

πb2

N
∑

n=1

M
∑

m=1

∫ 2π

0

∫ b

0
Ame−Bm( r

b )
2 An

1− jBnδ
e−

Bn( r
a )2

1−jBnδ r∂r∂ϕej(ωt−kz).F !G I#=74 <3 =4 1=2B5><532 6K <L:83BB3>2 3B <3 2:31B3>2 467B 5A37B5C>34J 6883 1=2 3M381<3C>=7A <3 B2=74A>B3>2 34B <3 43>< ; :83BB23 3B 233N652 <34 O=814 A3 12344567! P3 A5=8QB23A3 <= 4>2?=3 =B5N3J aJ 34B =7=<6R>3 ; <L:8544567 3B ; <= 2:31B567! /12Q4 57B:R2=B567 4>5N=7B
ϕ 3B rJ <= 12344567 869377:3 ; <= ?2:C>373 ?67A=837B=<3 A3N537B E

P̄ rec
I,1 (r, δ, t) = P̄0 = ρωcV0C

N
∑

n=1

N
∑

m=1

AmAn

Bm +Bn − jδBnBm
ej(ωt−kz), F !GSI=N3J % >73 674B=7B3 A677:3 1=2 E

C =
N
∑

m=1

Am

Bm

(

1− e−Bm
)

. F !GTIP= A:681645B567 A34 O=814 A3 12344567 37 46883 A3 R=>44537734 13283B AL57B26A>523<34 57B:R2=B5674 A3 46883 A3 R=>44537734 4>3445N34 A=74 <L3M12344567 A3 <= ?67B567 A3A5U2=B567J <= 237A=7B A:137A=7B3 A3 <= R:68:B253 A> B2=74A>B3>2! /5745J <= ?67B567 A3A5U2=B567 16>2 <= ?2:C>373 ?67A=837B=<3 4L3M12583 46>4 <= ?6283 4>5N=7B3 E
DG (z) =

N
∑

m=1

Am

Bm

(

1− e−Bm
)

N
∑

n=1

N
∑

m=1

AmAn

Bm +Bn − jδBnBm
ej(ωt−kz). F !GVI%3BB3 ?67B567 A3 A5U2=B567 34B A523B3837B 681=2=W<3 =N3 <L3M12344567 3M=B3 A3 <=A5U2=B567 A3 P6883<! PL3M12344567 3M=B3 A3 <= ?67B567 A3 A5U2=B567 A3 P6883< 34B A:X25B3 =7=<9B5C>3837B 1=2 <L3M12344567 AL>7 154B67 52><=523 25R5A3 YZ6R324 3B [>237J  \]V℄!

DL = 1− e−2jπ/s

[

J0

(

2π

s

)

+ jJ1

(

2π

s

)]

, F !GGI6K s 34B :R=<3 ; 4πd/(ka2)! -B Jν 34B <= ?67B567 A3 [3443< ; <L62A23 ν! -<<3 4L:25B E
Jν (z) =

(z

2

)ν
∞
∑

k=0

(

−z2

4

)k

k!Γ (ν + k + 1)
. F !G"IV]



 !"! #$%&'(&)*+*&, -, )&''- #- ./0))*-,,-)012 4567879:41 21;82 <=2>682::941 2>7;2 ?2 <7 @41;941 ?2 ?9A87;941 ?2 B4552<2; 2<<2 ?C;28591C2 678 <7 ?C4564:9;941 21 :4552 ?2 D7E::92112: 2:; 2A2;EC2 64E8 E1;871:?E;2E8 7F71; E1 ?975G;82 7;9@ ?2 0, 375H 7I2 E12 @8CJE212 ?2 2 'KL! B7 MDE82  !N8268C:21;2 <7 @41;941 ?2 ?9A87;941 7<E<C2 678 <=2>682::941 2>7;2 ?2 B4552< 21 I28; 2;2<<2 678 <7 ?C4564:9;941 21 :4552 ?2 D7E::92112: 21 O<2E!

0 0.01 0.02 0.03 0.04 0.05 0.06
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0.7
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1

z (m)

C
o
e
ff

ic
ie

n
t 

d
e
 d

if
fr

a
c
ti
o
n

Gaussiennes
Lommel

 !"#$%  !" # $%&'()(*+%, -. /( 0%,2*%, -. -*3)(2*%, (/4/5. +4) /6(7. -. ')%'(8(92*%, '() /6.7').++*%, .7(2. -. :%&&./ ;<.)2= .2 .//. '() /( -5%&'%+*2*%, ., +%&&. -.8(4++*.,,.+ ;>/.4=!:65()2 -. (/4/ .,2). /.+ 0%,2*%,+ -. -*3)(2*%, .+2 &%*,+ -. 0, 5% (++4)(,2 ?4. /(0%,2*%, -. -*3)(2*%, -52.)&*,5. '() /( -5%&'%+*2*%, ., +%&&. -. 8(4++*.,,.+ %)).+9'%,- @ /( 0%,2*%, -. -*3)(2*%, .7(2 -64, 2)(,+-42.4)!
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 !"! #$%&'(&)*+*&, -, )&''- #- ./0))*-,,-) !"!# $%&''()* + ,- .%/01&*& 3-%4)*(01& 212 34566789 : ;<=24>897?@5 6<5A347>5 : 324B74 C5 ;2 68;@B789 C5 ;<D?@2B789 EFE 5B C5 ;2CD8>3867B789 59 68>>5 C5 H2@66759956! 12 34566789 >8I599D5 : ;2 J4D?@595 =24>897?@5
2 45K@5 324 @9 B4296C@B5@4 3;29 C5 42I89L aL 6<5A347>5 68@6 ;2 J84>5 M%8@;8@N42BL  OO LP8@ '2B24  ! "#$L QRR L 12S2B  ! "#$L QRRR℄ U

P̄ rec
I,2 (z) =

∫ 2π

0

∫ a

0

N
∑

l=1

Ale
−Bl( r

a)
2

P rec
I,2 (r, z) r∂r∂ϕ. V !WXY12 ZH@45  ![ >89B45 ;5 =2>3 C5 34566789 =24>897?@5 984>2;76D 45K@ 324 @9 B4296C@\B5@4 VB427B 3;579Y 5B 324 @9 4D53B5@4 389B@5; V3879B7;;DY 2;@;D 324 ;2 CD8>3867B789 5968>>5 C5 H2@66759956! 095 48766295 C5 ;2 34566789 =24>897?@5 233242]B 2@ 8@46 C5 ;234832H2B789 C296 ;5 >7;75@ 989 ;79D2745 B5;;5 ?@5 ;<52@!

0 0.01 0.02 0.03 0.04 0.05 0.06
0
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6
x 10

−6

Axe de propagation (m)

A
m

p
lit

u
d
e
 n

o
rm

a
lis

é
e

Pression harmonique moyennée
Pression harmonique reçue par un récépteur ponctuel

 !"#$%  ![ ^ />3;7B@C5 984>2;76D5 C@ =2>3 C5 34566789 C5 ;2 J4D?@595 =24>897?@5 45K@324 @9 B4296C@B5@4 VB427B 3;579Y 5B 324 @9 4D53B5@4 389B@5; V3879B7;;DY 6@4 ;<5965>S;5 C5;2 34832H2B789 2;@;D5 : ;<27C5 C5 ;2 CD8>3867B789 59 68>>5 C5 H2@66759956!
[O



 !"! #$%&'(&)*+*&, -, )&''- #- ./0))*-,,-)/1234 567892:75;6 4<5=:67 ϕ >7 r? @: 12>445;6 A;B>668> C @: D28E<>6> G:2A;65E<> 24H8257 :@;24 I
P̄ rec

I,2 (z) =
βk

(

P̄ emi
I,1 (0)

)2

2ρc2
zF (z), J !KLM:=> c @: 8@82578? α @> ;>N5>67 OH:7786<:75;6? ρ @: O>64578 >7 k @> 6;AP2> OH;6O>! F (z)>47 @> 7>2A> ;A1;27:67 @H:7786<:75;6 >7 @: O5Q2:75;6 >R125A8 >6 4;AA>4 O> 9:<445>66>4!S> 7>2A> F (z) 8E<5=:<7 C @: O5Q2:75;6 4<5=:67 @: O547:6> O> 12;1:9:75;6 z E<:6O@: O54725P<75;6 O> 12>445;6 C @: D28E<>6> D;6O:A>67:@> >47 7234 12;G> OH<6> ;6O> 1@:6>T#<66  ! "#$?  UL ℄! *A1@5E<:67 E<> @>4 >Q>74 O> O5Q2:75;6 >7 OH:7786<:75;6 4;67 :OO575;6W6>@4 >7 56O81>6O:674!S: 12>445;6 A;B>668> C @: D28E<>6> G:2A;65E<> O>=5>67 I

P̄ rec
I,2 (z) =

βk
(

P̄ emi
I,1

)2

2ρc2

e2α1z − eα2z

α2 − 2α1
DI,2 (z) . J !KUM)><@ @> D:7><2 ;22>75D @58 C @: O5Q2:75;6? DI,2? >47 >6 D;675;6 O> @: 98;A8725> O<72:64O<7><2! %> 7>2A> ;22>41;6O C @: D;675;6 O> O5Q2:75;6 O> @: 12>445;6 G:2A;65E<>986828> O:64 @> A:7825:< OH87<O>!%;645O82:67 @> G:A1 O> 12>445;6 2>X< C @HG:2A;65E<>? @: D;675;6 O> O5Q2:75;6 O8Y65>1:2 @: O8;A1;4575;6 >6 4;AA> O> 9:<445>66>4 4H>R125A> I

DI,2 (z) =
ld

z

N
∑

n=1

N
∑

m=1

N
∑

l=1

AnAmAl

anml
e
α

bnml
anml

ld
[

E1

(

α
bnml

anml
ld

)

− E1

(

α

(

z +
bnml

anml
ld

))]

,J !"ZM;[ @>4 7>2A>4 anml >7 bnml 4;67 2>41>75=>A>67 O8Y654 1:2 @>4 ;>N5>674 O> \>6 >7 ]2>:W^>:@> I
anml = 2z/(lh)BnBmBl + jBl(Bn +Bm) + j4BnBm,

bnml = −2Bl + jzBl(Bn +Bm)− 2(Bn +Bm). J !" M
KZ





U 



 !"! #$%&'(&)*+*&, -, )&''- #- ./0))*-,,-)

12



 !"#$%&' ( !"#"%& '&( )&(*!&( *+,!-(.#.!&(+"#/-"!& &, #.# +"#/-"!&
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(
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A0

n = A1
n = An, A2

n =
An

1− j d1 Bn
,

A3
n =

An

1− j (d1 + d2) Bn
, A4

n =
An

1− j (d1 + d2 + d3) Bn
. K !LM*78 :7;<7=>8 8:=> =:AIBD<8E8 N GBA><A ?7 DB ?<8>B=7 ?7 )BOD7<PQ ?B=8 DB DBI7 ?37BHKldωM 7> ?B=8 D7 RB=>�I7 KldM!

γ0 = γ1 = d1 + d2 + d3 + d4, γ2 = d2 + d3 + d4,

γ3 = d3 + d4, γ4 = d4. K !TM*78 ?<8>B=78 =:AIBD<8E78 837UGA<I7=> 8:H8 DB R:AI7 /
d0 =

L+ 2d+ L

ldω
, d1 = d4 =

L

ldω
, d2 = d3 =

d
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Vz (r, 0) = V0 ·

N
∑

n=1

An · e−Bn( r
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2

e
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ld
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( r

a)
2

, \ !""]=V8 e
j

ld
r0
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Bn→Bn ± j
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r0

. \ !"X]*8B BAS78B − 8: + ?EE8BI?7C87: T D7 :E=7BCD:8DE E8BI8:AV8G87: ?7V8ES8=7: ?`CAV8ES8=7:!*= >?7:A?7 C8 CA9E=:A?7 CM:8EGA7M I=E <= CM?GI?BA:A?7 87 B?GG8 C8 S=DBBA8778B 8B:?GI=EM8 =D G?CJ<8 CMEA: I=E 1PG8EE 8: =<! W1PG8EE  ! "#$; "aab℄! *8B =D:8DEB 8HIEAG87:"cb



 !"! #$%&' ()#*+,+-.+)' / 0.+1.2+*+$# &' *3+,.4')+' &% (.).,5$)'-6- *+-#.+)'78 9:;=>:; ?@ ?>AB8=>:; ?3C; =B8;D?C=@CB 9:87>DE F8B 73@GFB@DD>:; DC>H8;=@ /
DS (y, z, ω) =

−1
(d/R0)







Θ ejk(R0+d) +
a
√

y2 + (z −R0)
2

2π

×
∫ 2π

0

ejkre [|y| sinφ (h−R0)− a |z −R0|] dφ

[|y| sinφ (h−R0)− a |z −R0|]2 + y2 R2
0 cos

2 φ

} I !"JK8H@ 7@D =@BL@D dM reM h D3@GFB>L8;= @; 9:;=>:; ?@D H8B>8N7@D yM zM aM 7@ B8O:; ?C =B8;D?C=@CB9:87>DE @= R0M 78 9:87@ ?@ 78 7@;=>77@ D:CD 7@D 9:BL@D DC>H8;=@D /
d =

√

(z −R0)
2 + y2 si D > R0,

ou d = −
√

(z −R0)
2 + y2 si D < R0,

re =

√

a2 + y2 − 2ay sinφ+ (z − h)2, I !"PK
h = R0 −
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R2
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�7- 62,<3:010<- 07;2-D-C K06< -23 4-6D 37>2/0<3,/01: :01, H -1?/:38-< E 4/7/916-< 23 <>:026,/01 23,><32- 8<O- H 256,/2/:3,/01 4561 ,<31:46,-6< ;26: @0<,-7-1, @032/:>-, 4>?-20;;-< 25-D;20<3,/01 3D/32- P704- Q9:31R ;3< @032/:3,/01 4J137/B6-C S31: - 3:F256,/2/:3,/01 4- :J:,=7-: 762,/>2>7-1,: ;231: 06 <>:-36D 311623/<-: :01, 61- ;0::/I/2/,>CS561 ;0/1, 4- ?6- ,A>0</B6-F 23 :026,/01 4- 25>B63,/01 TUT B6/ 4></, 23 ;<0;383,/01 4561-014- 431: 2- 34<- 4- 253;;<0D/73,/01 ;3<3D/32- -, 23 4>07;0:/,/01 -1 :077- 4- 836:9:/-11-: 4-?<3 G,<- 704/L>- -, 343;,>- ;06< ;<-14<- -1 07;,- 3 @0<,- @032/:3,/01 -, 2310193D/:J7>,</- 4-: ,<31:46,-6<:C  -: 4>?-20;;-7-1,: ;-<7-,,<01, 4- 7-:6<-< 2-: ;<09;</>,>: 4-: 73,></36D A>,><08=1-: 07;2-D-: :6/?31, 2-: ,<0/: 4/7-1:/01: 4- 25-:;3-C #301-;,/01 4- @31,�7-: 62,<3:010<-: H I3:- 3B6-6:- ;-<7-,,<3 4- B631,/L-< -D;></7-1,392-7-1, 2-: I>1>L-: 4- 23 7>,A04-C VWX
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