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1955)lyi,éErdi(Bateman

(2.8.17)

.>,|;+|
2

5
|;+|

2

3
,
2

3

3)+|(2|

e

2

1
=),(

.,e
1)+|(|

3/2)+|(|

2

1
=),(

w
H

a
P

MP

n

n
nnF

aw
H

a
k

w
a

nnF
a

a

H

a

n

n
nnF

a
a

nnF
n

wa

H

aw
n

n

H

in

in

in

in

π

ζ√
ζ√

ζ−
ζ

ζ−√−ζ

π√
√

ρ
−

−ρ
ρ

ρπ
−φρσ

→ρ

ζ√
ζ

ζ−−
ζ
ζ−

ζζ−
−ζ

ρ
ρρπ

−φρσ

≤ρρ
Γ

Γ
π√

φρσ

0

2

-1
n-1/2

n

n
n

|n|

n1

n2

2

1/222|n|+1

2|n|+1

+

-1
1/2n

n

n

1/2

n

2

2

|n|+3

n

2|n|+3

|n|

n

def'ghi[j2kdeghl7f'j-jm#j2k2ghn2k2leno0p!q*p)r'ps,t f'p!dek2p)uvwx y

























































φ

φ

φ

φ

∞

∞

∞

∞

∞

∞

∞

∞

n=-

n=-

n=-

n=-

Σ

Σ

Σ

Σ



 !"#$%&'()*+*&,-./'01)*023456"#+*)*-7*3489:;-. 1<#$%=>-.-)?@A'B C'B DEFEG
<#01"#5E+*-9+*)*-5?@A'B H,B A,I,GJ 34 !89&4"#+K345EL#"7*3489&434MN+*+*"#M BL#3,OP7K:;-.L#89+*"#M+*-9)*QR5E-98.&,+*"#M

7*34LN"S)T <#+KL#UV)*ML#3,OP7K:;-.L#89+*"#M+*-9)*QR5E-98.&,+*"#M7*34LN"-.89&4WX  !-98.W

 !:;M

 !:;M

T 3401OY-502-9Z[-.+*)*-J 34:;3,\V)*O)+*-9)*QR5E-98.&,+*]^_ !5`<#_34&,+*348.)K&4-.:;WN+*3
02-9Z[)*&4W+K<#\a+*3L#3,&43401<N$<#01"#5E+*-9+*)*b*c)*+*&,-./'01"#:;W#+*]^_8.)K8.&4-9Od<L#"NL5E]^01"#\V-.+*)KMe &,)

02"#898.OY"#&,02)*5E"N&4W !3,:;\V+*]OY]347*01-. !-9:;-.+*)K$%c7*34 2:;-.\V)*&))*Qf5E-.89&4+*34cQR"N !"#g2-
34h,02"#&4+K34b5L#"NLi "#L?@A'B C'B I'D6GjB)?@A'B C'B DEFEG5<#89&4"#+*3,5E:;-9+*3h4]^:;3+*"#7K02M#\V-9+*)*-.O

8. 25E)*/'"N$%=>)*O)7*-902-.OY-.=>-9+*)*-.O&4"N+*/'-.+KUV)*"#:;W#+K]^OOY-.\V 1<k Qf"#)*OY343,&4+*34Z[-9+*)*-

 !:;M

 !:;M

 !:;M

<#89:;3456)*M#O>(/'01"#+*)*g2+*]^O<# !3,5E:;-9&45E3,02M#$%=>-.b7*34:2<#7*023,8.&401"#+*8.&,5E"#c
 !:;MQR"N !"#g2-L8.56-. !-9+*"h4]^&,WOY34\V-9&QR"N !"#g2""#+*&,)*8.)*OYOY-9&402)*)*cl :;"N/'34 !"N02M

7*:;3,8.L#3,8.&4)5+*"#7K02M#\V-9+*)*M8. 25E)*/'"N$%=>-./'302"#897*02-9 !-.:;-9+*)*-+*"#bK&4)i 02-9h,<#-9&48.M

 !:;M

 !:;M

&401-.=>)*+*]7*3456-.02_m+*348.&,M#_+*"QR"N !"#+*37*-902-.OY-.=>-9+*)*-
&4"N+*/'-.+KUV)*"#:;W#+K34-J <#89&4W

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

(2.8.25)
)(

d)(

)(

d
)2(=)(

(2.8.24)

...32,1,=,+d
)(

2+)(+)(=)(

...21,0,=,d)(
2

)(+)(=)(

.

(2.8.23).<20,<00,=

;<20,0,=

;<20,),,(=

0.=

(2.8.22).
-
0=),,(=

;0=),,(=

16

3
i=

138

x

f

xx

x
GGu

Cf

nCx
x

xf
nfGfG

nxxxf
n

fGfG

u

u

au

auu

z

zauu

zauu

w
H

a
M

xa

ρ−

ρρρ

ρ−
ρ−ρ

ρρρρρτ

ρ
−ρρρτ

ττ

τ
τ

πφ≤∞ρ≤σ

πφ≤≥ρ

πφ≤≤ρφρ

≤ρφρ−

≤ρφρ

π−

II.

1/2

0

22

00
n+2

0n+1

0

1/2222n+2

n+1

2

2

1

2
n+1

n

n-1
nn

n+1

0

n-1
n+12-n+11-n+1

n
-n+1

0

n+1-n+12n+11n+1

-n+1n+1

+

-1

4

n1opq2nrs1tuv*w;xw;y!tuq;x[xz.{u|}{p~ xs2q {p� x ~K��� yvu��y;� {p���^� y���s1� {p�r{













�N�a�a��N�;�`���a��N�`�N�;�a�� �r�K�1�;��Y� �;�r�N�a�1�

ρ

ρ

ρ



 !"!#$%&'(!)*%+,-./01234567%+ !8"! !01%/9:);23678
< %/=3>10?>?);8@%A 6-%/BC%/ !0123)* !8D'"EF>?01G9:);>?BC>?HI,-=3"!J,->145>?67KL !>HM,*%/./K(!)*%+>?N?);23HM>14523 !"FG

O 230?%+BP2L0?"!Q*%+./=3"F%R3.+67>?4S"!G"!H(!>?.+0?>?GL ! !>?T !%+"!HM45%+./01 !>?T(!>?=L2
45%+67"!Q*"! UR !23TF0?"Q*01>?N?8VWX ' Y1' X YSZ4VWX ' Y1' X?[ Z"VWX ' Y1' X?\ Z(!>?,*./0?2L45"!0?KBC>?#$%+BO 8

)*%+HIR36-K30?2301>?B]^.>?N1)*23_]%/ F>N?8@01K
BC>?#$%+0VWX ' Y1' X1` Z458@);23#$%/ !"F%./6*R3Q*23%A 01>?Ba"!.+Q*%/HI !%/0L'Q*01>0?2L=3J458@N1)*230?K
BC>?#$%+BBC8G3.+ !>?Tb^./0123 !>?4S"!0?.+GVWX ' Y1' X1c Z4(!>?.+0?>?GL ! !>?T454S%/,-%+ !"!Gd$%/6-Ke %/(F%/)*K

45"!,*%S^4 ! !2LG%>?(!);%/,-%+6(!>?.+0?>?GL ! !23GLJ=3>1BP(F67%/=3.+ !23G%/.+0?Kf ,-%+./K

R3(!);>?_]%/ !"FG(!>?.+67%0%,-2VWX ' ` ' c:g ZR3);2345 !%+ !"!%4VWX ' Y1' X1c Zh >?,-.+0?23 F>?45=32

=32L= !23TF,-%/ !2N?8@01KBC>?#$%+045%+67"!Q*"! F2>?01./ij,-2"

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

139

(2.8.30)

,d)(
1/2)+(2

)(d)(

2

1+2

)(

1
=

)(

d)(d

0.=

(2.8.29)
)(

d)(

d

d

)(

d

d

d

)(

2
=)(

(2.8.28)
1/2)+(2

)(
++d)(cosh)(2+

)(

d)(d
2=

¨

(2.8.27)

)(2+
)(

d)(

)(

d
)2(=)(

¨

(2.8.26)
)(

d)(

d

d

)(

d

d

d

)(

2
=)(

u
na

nu

n

n

GGx

f

x

x

DC

x

u

xx

xx

GG
f

DC

C

n

n
CGB

a

a
fnG

x

f

x

x
nGGD

D

aD
x

f

xx

x
GGu

x

u

xx

xx

GG
f

f

aaxa

x

a

a

xa

xa

x

a

ρρρ
Γ

Γπ√−
ρ

ρρ
−πρ−

ρρρ

−ρρ

ρρ

−ρρρ−π
−ρ

Γ
Γπ√ρ

ρ
ρρ

ρ−
ρρρ

ρ−ρ
ρ−

ρρρ

ρ−
ρ−ρ

−ρρ

ρρ

−ρρρ−π
−ρ

n-1
n+1

0

2nn+1

n+1

0
2

2

1

21/222

n
n+1

0

2n

0

nn

1/22

0

2
0
n-2

00-n+1

1/222

2n-1

0

n

2

2

1

22-n+1

nn

n

n1n

-1

2n

n

-n+1

0

2

1/222

n
n+1

0

2n

0

12n

n

1/222n-1

n1/2

0

22

00
n

0-n+1

0

1/2222n-2

n-1

2

2

1

2
-n+1

1/22

0

2
0
n

00n+1

1/222

2n+3

0

n+2

2

2

1

22n+1

n+1

klmSnop$q:rklnostmSqLqu1q:r:nov:r:slvwWx/y5x+zSx{!| mSx/klr:x+}~�� �













ρ

ρ

ρ



 !"#$%&'()*+,-.'"/01 "#2345673*+89.'"&'.'23,):;<%=>*+"? *+,-5@A>BCDE&',

56*+F !"#<%=>89,).'&G,()*6,)5@A>BCDE,-,2,56=HIJ;K L;K M3M3N HIJ;K O3K J3M3NP 7Q56(-2Q=>.G7Q !R>=

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

d
)(

2)(

1
=d

)(
d)(

(2.8.35)d)(
)(

1/2)+(

d)(
1/2)(

)(

)(

1
=d)(

d
)(

(2.8.34)d)(
1/2)+(

1)+(

)(
=d)()(

(2.8.33)d)(
)(

1/2)+(

)(

1
=d)()(

(2.8.32)

d)(d
)(f

1)+(22d)(
2

)(1)+(2+)(2
1

=

¨

(2.8.31).d)(
1/2)()(

)(
=d)(cosh)(

140

u

n

a

GG
x

x

xf
a

u
n

n

u
n

na

GG
xxxfa

u
n

n

GG

a
af

u
n

n

GG
af

ax
x

x

G

G
nnxxfx

nG

f
G

G
nGfnG

a
B

B

u
nGG

na
f

aa

a

aa

aa

aa

a

aa

−ρ
ρ

ρ
−π

ρρ−ρ

ρρρ
Γ

Γπ√−

ρρρ
−Γ
Γπ√

−πρ
ρρ−

ρρρ
Γ

Γπ√
−π

ρρ−ρρ

ρρρ
Γ

Γπ√
−π

ρρ−ρρ

ρρρ−ρ−
ρ

−

ρ−ρ−

ρρρ
−Γ−π

Γπ√ρ
ρ

ρρ

n+1

n+1

0

2n+1

2

2

1

2n

n+1

0

1/2222n-1

0

n
-n+1

0

n-1
-n+1

0
2

2

1

2

n
-n+1

0

1/222

0

n-1
n+1

0
2

2

1

2

1/222n
n+1

0

n
-n+1

0
2

2

1

2

1/222n
-n+1

0

n1/222

n

n+1

0

n-1

1

2

2

-n+1
n

0

n+1

2

n+1
1

2

2

1-n+12

0

2n+1n

n

n-1
-n+1

0
2

2

1

2

-1n
-n+1

0

S%TUV@SWX%YZ['\+]\+^6YZV+]_]`)aZbcaUd ]X@V aUe ] dGefg ^[Zhi^+j aUefe#g ^klmX%n aUoWa
























ρ

ρ

ρρ



 !"#$%&'()*+,-. /0. 10/234*+,-. /0. ,56"3*+,-. /0. ,57"3+89:;5<=> '(?@ABCD  ;0E #FG 8*+,-. /0. ,0H03I.!J ; %&KF) D !"?@# E
L 'M%N#F);5E ;0O % DKK ;  <&D )04P)5K$Q*+,-. /0. 1"6"3!R&?@# EJ ; K$?@#F% E 4PSR&) ;T DM> #$)54 > 8

4 E )0# O-<=D ?N'=UKF?N#F%&'(VWXY# > 'L ? D(O-; % D(< Q! ;0Z[>\;5]^E:; 8
'(J <=; XY# E 4:#EPEP; ##; J < #F%N#$?_ ; )0QEPEP; S 8#< #$`KFR=4P) D )0a(KFQ>\;5] #$)J < 4 E G^4PJP#!T D % D R D

4 > # E:EP; 8D%N?@Q9:;5<=> '(?N'
J <&; KF)0'MV% ; ! ; ?@a EP;)#% D*+,-. /0. ,-/23!*+,-. /0. 12b034*+,-. /0. 1Ncd3*+,-. /0. 12e03+8fg; %NK$) D(E:; !" D

)#% D*+,-. /0. 12,03!*+,-. /0. 101"hi,5. /". 127"3fg; %NK$) D(E:; !" D

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

141

,

(2.8.39)
d)(

1)+(

3/2)+(

)(

d)(

d

d

)(

d1

)(

2
=d

)(

¨¨

(2.8.38)
d)(

)()(

3/2)+(4
=

,

¨

(2.8.37).
1/2)+(2

)(
d
)(

1)+(2

d)(
1/2)+(

1)+(
+d)(

1/2)(

1)+(
2

)(

1
=

¨

(2.8.36)d)(
1/2)+(2

)(

C

u

n

n

x

u
x

x

x

x

GG
x

x

xf

u

nGG

nG
C

C

n

n

G

G
C

u

G

G
an

u
n

n
Gu

n

n
G

GGa
B

u
n

na

a

x

a

a

a

aa

a

ρ
ρρ

Γ
Γπ√−

−ρρ

ρρ
×

−ρρ−π
−

ρ
ρρ

Γ−π

Γ
−

Γ
Γπ√−ρ

ρ
ρ

−

ρρρ
Γ

Γπ√ρρ
−Γ

Γπ√−
−π

ρρρ
Γ

Γπ√−

n

n+1

n+1

0

1/22

0

2
0
n

00n+12n+1

1/222

0

2n

2

2

1

22n

n+1

0

n+1

n+1

0
2

2

1

23/2

2

n

n

1

2

nn+1

n+1

0
1

2

2

2n

n-1
n+1

0

1

n-1
-n+1

0

2

2

2

1

22nn

n-1
n+1

0

jkl2mno^p-qjkmnrsl2pMpt0p-q-mnu-q-rkuv+wFx"w$y2wzP{ l2wFjkq-w$|}~� �
























ρρ



 !"#$

%&'( !)*+,-. /-. ,-0123*+,-. 45. 65789:,8. 4;. 6;,52<=>8 ?@A%8)&B=>83;C&)D )ECE>5B (AFGH

3;IJKLM=@A"#M=%5NB=)EO<=>8PQ3;>5"#$ ( %*+,-. /-. ,5/52 3*+,-. 45. 6RSQ2T >8 !@U%8)EBV>83;CE) !WLX&Y-M=O .@>8 ?B=>@A31$EPZIJ31)E[\%CE>5%8>8W?I (*+,-. /-. ,5/52M*+,-. /-. ,-012 ] >8WLO:XE"#I3;@U<=>8O^M=B=) ( OO^I%8W (A_ M=B=I H3;B (B=)E<VW?$E` ( B=M (@A ?3;M=Y-)&[ _a(A(3;IJWL)EPZM=%5N
b %8>5c8I%8>5"#NECE> .%8W (A_ M=B=I3;BVX&%8W?M@A<VW?)E3 (  !"#M=31I*+,-. 45. 6RSQ2M*+,-. 45. 65752d IJW?)&` ( B=M=$

 !"#$

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

(2.8.43)...2,1,0,=,>

)(

)d(

d

d

)(

d

d

d
+

)(

d)(

d

d

)(

d

d

d

)(

2
=)(

¨

(2.8.42)d)(
)()(

3/2)+(4
=

(2.8.41)...3,2,1,=,

)(

)d(

d

d

)(

d

d

d
+

)(

d)(

d

d

)(

d

d

d

)(

2
=)(

(2.8.40)...2,1,0,=,dl}

)(

)d(

d

d

)(

d1

d

d
+

)(

d)(

d

d

)(

d

d

d

)(

2
=)(

142

na

x

u

xx

xxG

x

u

xx

xxG

GG

u
nGG

nG
A

na

x

u
x

xx

xG

x

u

xx

xxG

GG

na

x

u

xx

xx
G

x

u

xx

xxG

GG

x

aa

x

aa

a

x

a

x

a

x

a

x

a

ρ

−ρρ

ρρ

−ρρρ

−ρρ

ρρ

−ρρρ−π
−ρτ

ρρρ
Γ−π

Γ
−

≤ρ

−ρρ

ρρ

−ρρρ

−ρρ

ρρ

−ρρρ−π
−ρτ

≤ρ

−ρρ

ρρ

−ρρρ
ρ

−ρρ

ρρ

−ρρρ−π
−ρτ

1/22

0

2
0
n-2

00-n+1

1/222

2n-1

0

n

2

1/22

0

2
0
n

00n+1

1/222

2n+3

0

n+2

1

2

2

1

22n+1

n
-n+1

0
2

2

1

23/2

2

n

1/22

0

2
0
n

00n+12n+1

1/222

0

n

2

1/22

0

2
0
n-2

00-n+1

1/222

2n-1

0

n

1

2

2

1

22-n+1

1/22

0

2
0
n-2

00-n+1

1/222

2n-1

0

2n

n

2

1/22

0

2
0
n

00n+1

1/222

2n+3

0

n+2

1

2

2

1

22n+1

eLfgh?eijLklm=n#on#p!klh#oqorAsltusgv oj?h sgw o vVwxy pmlz{p#| sgwxwJy p}~�jL� sg�is

































ρ

ρ

ρ

ρ



 !"#$%&'()* #+,-./0&.$%1.$
2%342%567*14$% !/8&4569:;<=%/0 !>? !56$@1.)*562A 9:B62@/856 #562C 9:$@&>?2%DE #$"#-4>?> < )*2 A 1.5 <  FGH

AI<6J  K(A+L14B < "!14569C 9:$@&
>?2%M@-.$561.BN)*O.DE #5 < ;3.2@56PE !56$@)*1.P <6<3.2@=%QNQ < P <  !56$%1MR14)*>?2%5 < 3 <"!2@2%$ A  !$%"#$ A -4STU <  

" A 2%;6"#$ A 1F "!B62@/8&.+V-.OWXYRZ [RZ \0],^_Z
AJ 1.5C 9:/561.BN)*O.DE #5 < ;3.2@56PE !56$@)*1.P <6<3.2@=%QNQ < P <  !56$7*$@2B6) < B62%> < 561. #>?`

a 9$%)' !U < 569 Z+L1 J 1.56569: B6 #)* !>? !Ub #5 < O.`$%1456MR !5NP < 1./8&.5N9: 
7* #)* !+56 #B62%"!)' J "#$ A  #56562561.BN)*O.DE #5 < ;3.2@56PE !56$@)*1.P <6<3.2@=%QNQ < P <  !56$%1

2%B6)' J  #/8 !5 < OJ /8O< "#B62%/8&.+,2 A 1.569C 9:$@&>?2%M@-.$WXYRZ c@Z d@d@^<WXYRZ c@Z dR\K^e 2%)'>f-./89

J /8O

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

143

(2.8.46).
)(

),(e+),(
lim

2)(
=)(

.
)(

)(+)(
lim

2)(
=

,
)(

)(+)(
lim

2)(
=

(2.8.45),
)(

)(
lim

2
=

)(

d)(

d

d
lim

,
2

)(
=

)(

d)(

d

d
)(lim

(2.8.44)...3,2,1,=,>

)(

)d(

d

d

)(

d

d

d
+

)(

d)(

d

d

)(

d

d

d

)(

2
=)(

a

uGuG

aGG

a
k

a

uGuG

aGG

a
k

a

uGuG

aGG

a
k

a

f

x

xxf

a

af

x

xxf
a

na

x

u
x

xx

xG

x

u

xx

xxG

GG

i

a

a

a

a

a

a

a

x

aa

x

aa

ρ−

φρφρ

√−π
−φ

ρ−

ρρ

√−π
−

ρ−

ρρ

√−π
−

ρ−
ρπ−

ρ−ρ

√
−

−ρρ
−ρ

ρ

−ρρ

ρρ

−ρρρ

−ρρ

ρρ

−ρρρ−π
−ρτ

1/222

2

21

2

2

1

2

1/222

n+12-n+11

2

2

1

2-n+1

1/222

-n+12n+11

2

2

1

2n+1

1/2221/222

1/222

0

1/2

1/22

0

2
0
n

00n+12n+1

1/222

0

n

2

1/22

0

2
0
n-2

00-n+1

1/222

2n-1

0

n

1

2

2

1

22-n+1

ghiKjVkElRmghjVnoiKl4lp@lRmRjVqRmRnhqrXs!tIs#uKsv6w iKs!ghmRs#xyz{ |





































}~�8�'���:�

φ

ρ

ρ

ρ

ρ
ρ

ρ

ρ

ρ

→

→

→

→→

→



 !"# $%&'()*+%,-.%/0
1'234567 &'89% 4:; 0<=>?@% $AB % 7CD: 23E :;"!$A$ 23FD: %  4 &5*G 0 "#:;$ 23F? 4 &H &  !" 8 B 4 % DIJK

-.0<L

-.0<L

()0<&5M  &5M 4 B:$)" (A*@L!89% $)B F
$ &'* 7C" 0 6 $ 23N* " M/()*@%/-.%,0<% $)B %O " F - B 4 %M

: 2 * " 89% $)B % 7E " - "!$ &4 *+%,P B)$ 2M 4 &'*@& $()%/*@% 7 %,PQ% $)B %O &'* 7C" 0 6 $ &'%R K

()0<&5M  &5M 4 B
$)": % E -.%S &'* 7 2()*@& B E : &'0 6 $ & F4 *+%,P B)$ 2()0<&5M  & F-.0<LB$ &4 *+%,P B)$ 2 D *+T G 0<& F
-.0<L4 &50 6  &$ %-.% F M 4 :UB 4 %/0 6 $ &: 2 * " 89% $)B %()&'M/0<%,- $ %,%? 4 &- " 0.%,% D()&  #" 89% 7VW2

S &'* 7 T!0<%
()*@&5M 4 & F-.*+T G & F 4%: %/-XYIJK Z5K [J\;]^I'K Z;K [;[5_BXYIJK Z5K [5`']^I'K Z;K [ R _a T 7C7CB *@& :;"!$AB %

$)" (A*@L!89% $)B F K & $)b % $ 4 * "!b9B)B &5c SAS B)b9B % $ 4 "7 &'- "
4 *+% 4'6 % G &B: 4 &'*@& G & & 7 1 B)$)"!b9BAB()*@&5()&'* b9B & $)" 0<% $? 4 &d "#7 % 4 B)7CD

:;B -<e()* BA7 % 4$)" (A*@L!89% $)B F & $)b % $ 4 * "!b9B)B &5c SAS B)b9B % $ 4
a &'& 4 : % 4 M 4 : T!=>P B F$)" (A*@L!89% $)B %M,- :;B)GJ" =>PQ%,%"!$)" 0<& GJB ? $ &'%B

()%/*@% 7 %,PQ% $)B F()&'0.L!* $ 23N:;: %,-.% $)B L7%(AT 4M BA7f7 % 4 * B ? $ &1 &50<%,%
M,-@%,0 "!$ &1'234567 &'89% 4XYIJK Z5K ['g;_hi2 * " 89% $)B %4 *+%,P B)$ 2 KG * "!$)B)b %$)"$)" (A*@L!89% $)B F

M BA$)G T!0<L#* $ &'M 4 BB E ] E "$)" (A*@L!89% $)B L N:T!* "!:;$ % $)B FB)$ 4 % G * " 0 6 $ 23N*@%/jk% $)B %
?@% 70<% G ?@% D$)"!7C$ & G &()%/*@% 7 %,PQ% $)B L N:T!* "!:;$ % $)B FB)$ 4 % G * " 0 6 $ 23N*@%/jk% $)B %
 !"# 4 "# 4 *+%,P B)$)D: E "!B)7 &'-@% F M 4 :;B LB M/M,0<%,-@& :;"#$)B L-.0<L()&'0.% E $ &&'?+% $ 61 T#-.% 4

$)" (A*@L!89% $)B F & $)b % $ 4 * "!b9B)B &5c SAS B)b9B % $ 4 "-.0<LXYIJK Z5K ['g;_: 2 * " 89% $)B %l *@&'M 4 &'%

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

¨

>,)(sin
)(2

=

;),/(4=:

0.=

const.=,)(=

0.=

(2.8.48).d+d
)(2

1
=

¨

+

(2.8.47).
)(

),(+),(
lim

2)(
=

.e=+=

,e=+=¨

144

P

a
a

a

a

H

w

aHw

z

waww

w

z

S
R

u
GS

R

u
G

GG

ikkk

a

uGuG

aGG

a
k

k

i

uiuuu

a

-i

-i

ρ
ρ

−
ρ−π

−σ

≤ρσ

σ
ρ−

Λ∆
−π

−τ

ρ−

φρφρ

√−π
−

ττττ

-1

1/222

0

0

0

1/222

0

2

21

2

2

1

22

32

1/222

)(

2

)(

1

2

2

1

2

)(

zz
)(

)(

m+nio@mpq+rst)u<vu<w.rso<vkvx,ysz{yi| vq@o yi} v |A}~� wts��w<� yi}~}3� w���q+� yi�py



















��

��

SS

�~���/���

�+� ��k���<�p�����������

ρ

φ

φ

ρ

ρρ

→

ρ

ρ
φρ

ρ
φρ

ρ



 !"#$%&'(#)*+,-./01 + 23+456789:-;-&3<=>?@A:-@AB#C-&3<D

EF:-G!<E;<.',-@A<=GH<%IJ'K &3L)M.'NO<%&)M.')M<%;-&$=G!EF:->?"PQRS*:-C !&3.T .'U#"PNO:-&'<%VW +

/01 + 23+45 W 9:-$%,-.'IXL#YZB#C-&3<D

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

145

.
)(

)d,(
d

)(

)2(3
de=

¨

.
))((

d),(
d)(d

1
=

x

w
x

xa

xax

H

i
M

M

xa

w
xxa

H
P

x

aa

i

x

aa

−ρ
ρφρ

−
−φ

π
−

−ρρ−
ρρφρ−φ

π

1/2223/222

222

00

2

2

1/22222

1/222

00

2

2

[\]8^Z_O`?a[\^Zb6]8`P`c3`?a?^Zd?a?b\de0f=gFf%h8fi-j ]8f=[\a?f%klmn o

pRq?rms8t

pRq?rms8t

φ
π

π



1986j).1976,1975,1974b,1972,1971d,(Fabrikant,

¨

¨

146

 !"#$%&'(%

)*+,-.+/012345 +/6728096:;8<
=>?@<ABC+/676:;8<D =>6 D>E 6:;8<

FGHIJKHLMNOKPQRLSTUNVLWXYZ[NR Q JN\Z\Z]^_`abcdeUKWfMKHLJKHIJK_FGWfbGgaUKbcHh WXJ Q biLHIRLjQk JKHLbc`aYZJKW l UK`mMKbno`aOKg[KJN[SZ`abcgfFGHIJ Q WXbc\dpJNgfJKqQ \Zbcrs\ZbGjYQ \TUNHL`abc\Z\ZbGj\ZbcRLFGbcFGYZ_t_tbGHI`aYZqa\ZRIj `abcrsbG\ZYZbu VLvwbcbgfbcHLJKWXONPxoQ`aJKFcFG_tRLHI`abG\TRrsHLJN_tS\Z\Z]^jbFGyzbcSZW[K`mU h WX]^j SZWXRIFG[KYZj\ZJ\ZJ h `mUKde[KYSZ`aRIYZd Q RLWXMK\TRLj{ bGjZFcH Q YTbdpJNgfJKqaYxoRLFcbGFGYT_t_|bcHL`aYTqa\ZRLj Q \Zbcrs\ZbGjgfWXOSZ`abcgfFGHIJ Q WXbc\`abcrsbG\ZYZOHLYZSRLgaYZ\bbGvYdpJNgfJKqaYT}RLFcbGFGYT_t_|bcHL`aYTqa\ZRLj Q \TUNHL`abc\Z\ZbGj`abcrsbG\ZYZjHLRIqa\Z]^PQ YZgaJqabcHL]^`ab{ JK\Z]UK`mJ Q \Zbc\ZYZj~o YZ\ZHIb h `mJKWXMK\Z]^Pg Q UK_tbG`a\Z]^PFGYTFGHLbc_�U[KJN[dpJNgfJKqaYFG_tbcrsJK\Z\ZRIjRLFc\ZR Q \TRLj Q \Zbcrs\ZbGjYQ \TUNHL`abc\Z\ZbGj� RL`m_�UKWXYZ`aR Q [NURLVIv|UK�dpgabGFGMSZ`abcgfFGHIJ Q WXONbG_k ]
�p�n��� JN��o�

l JKVL`aYT[KJK\ZHI}
QRLSTUNVLWXYZ[NR Q JN\ZRVL]^WXRSZRLWaUKSZ`aRIFGHL`mJK\ZFGH Q JUKSZ`�U h R h R gfWXO`abcrsbG\ZYZbHLRIqa\ZRLb� bG` Q RLb� UK\T[KyzYZj~o� JK\ZJNWXYZHLYZqmbGFG[NYZP

JKSZSTJK`aJKHFGSTbGyzYZJKWfMK\Z]^jYZFcSZRLWXMKdeR Q JKWXY[KRIHLRL`a]^b� �p�I�n� ��}k JKFGWX��[NRL_ Y� JKSTrsY Q ]^_RLSTUNVLWXYZ[NR Q JN\ZRVL]^WXR`abcrsbG\ZYZb[KRI_|STJK[KHL\TRLb� RLWfbGbSZ`abcRLVL`mJKdpR Q JK\ZYTj~o YZ\ZHIb h `mJKWXMK\Z]^P`aJKdeWXYZqm\Z]^PYZFcSZRLWXMKdeR Q JK\ZYZbG_SZRLWaUKqabc\Z\Z]^PSZRLWaUKSZ`aRIFGHL`mJK\ZFGH Q JK} gfWXO`abcrsbG\ZYZjHLRIqa\Z]^PRLSTUNVLWXYZ[NR Q JN\Z\Z]^PSZbc` Q ]^PFG`mbGgfY� �p�L�n� � �
� WXON\ZgfJY� �p�L��� �k RLFGFcJK[KR Q FG[NR h R`aJKVIRLHL]UKSZRI_tOK\TUKHIM� WXbcgaUKbGHSZJK`mJK_tbGHI`aJK_tY~o HLJN\ h bG\TyzYZJKWXMK\T]^_tYY\ZRL`m_tJKWXMK\Z]^_tY_tbG�zgmUQ deJKYZ_tRLgabGjZFcH Q YZOYZd � dpJHL`�UKgf\Z]^_tY \ZJKYTVLRLWXbcbO Q WXOK��HLFcOUKSZ`�U h RIFGHLYHLbcRL`aYZYQdpJNgfJKqaYFG_tbcrsJK\Z\Z]^bu FG\ZR Q \Z]^b

�����N�����N�Z x�n¡������¢m x£G¤c¥���£G¢I¦�§N x� ¨ ¦a¥�©ª¥n «�¬¢�® x�L¥

�����N�����N�Z x�n¡��

p



147

(3.1.4),
dd),(

ee

dd),(
),(=),(

(3.1.3)).,(=
ee

dd),(

dd),(

2

1
+

dd),(

2

1

(3.1.2)),,(=
dd),(

+
ee

dd),(

¨

(3.1.1).<20,),,(=

;<20,),,(=

;<20,0),,(=

;<20,0),,(=

0:=

0.

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'$%&()!*+,-./0123456789:;<,=656>?=6@AB56C56C(3DEF-.G2=6@5H +,=6IJKL565-F1#12G234EFG2-.G23DE.=6=61 $
 MN9$ N9$%&(O#)5 MN9$ N9$ P4)312Q6:;EFRSE./0EF=6@512T#12CU=V<,>?EF=V56W>?G#1=6<,QV12XY56=6<,E.XYZ[ @

3D56R *56XYEFE.G5 MN9$ N9$%&'"4) Z5 MN9$ N9$%&(N#)T2/S<,8912R?<,:?W
\ 12:;X]+,/056:;+JEFG2-.W+,:;<,3D=6E.=656756=6G#EF89:;<,/0^,=6@AB12-.=6123D=V@AB_ 56-FG#EFXY<$ =6<,C(@A3D<,E.G2-.W3D@A`aE.Z=6=6<JWE12Q6:;EFRSE./b <JRS<,>?<,Z

RS/0W
RS/0W
RS/0W
RS/0W

Q6/01#-FI,1#-FG25=6<Q6:?E.RSQ656-.<,=6@+,-./0123456W89:;<,=656>?=6@AE-F/SEFR?+,cdef56Eg +,-.G2^ Q612/?+,Q6:?1#-FG2:;<,=6-FG#3D1+,Q6:h+,891#E56C(12G2:?1#Q6=612EG2:;<,=6-F34EF:?-.<,/0^,=V1i <,-.-FXY12G#:?56X

jklJmJl0n9o#p q'r o#stlhuvuwx;px q uwx9yzu6x;pyzu0{;|}~�o4uvuwo#p

R
H

Hw

Rq

H

Rq

q
G

R
G

R
HH

a

a

aww

auu

z

z

φρρφρσ
−

ρ−ρ

φρρφρτ
ℜα−φρφρω

ωω

φρω
ρ−ρ

φρρφρσ
α−

φρρφρτφρρφρτ

φρω
φρρφρσ

ρ−ρ

φρρφρτ
ℜα

πφ≤∞≤ρ≤φρττ

πφ≤∞≤ρ≤φρσσ

πφ≤≤ρ≤φρ

πφ≤≤ρ≤φρ

≥

�z�6�L�6�L��a�0�v���V� � �v�0�;� ����S� �6��?���

00000

0

2

0

00000

0

2

1

2

0

00000

00

2

00000

00

2

2

00000

00

2

1

1

00000

00

2

0

00000

00

2

π

π

π

ππ

ππ

a

ii

a

-i-i

a

aa

a

ii

a

∞

φφ

∞

φφ

φφ

0

0

0

��

�M�F�D�.�4��2�k 4¡¢£F¤ �  4�k¥U¦ �§6¨k© �.ª«'¬ 



(3.1.8)).,(=
ee

dd),(

dd),(

2

1
+

dd),(

2

1

(3.1.7)),,(=
dd),(

+
ee

dd),(

(3.1.6).<20,0),,(=

;<20,0),,(=

;<20,<),,(=

;<20,<),,(=

(3.1.5)

.
dd),(

2

1
dd),(

2

1

ee

dd),(
+),(=),(

148

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'&!()*+,-./01()23 !4!*5678+-&! !9:&!;<= !> !>?2@$%./A)&!; B ,-&!CDEF ! 

2@ !G1HI!7: '&! !"#+-$%A.%0:,-9:+-$J AK()"2,-78+-2@&!$/&! !4 !&!AK$%5678+-01L-&!;<=()./&!()2@&';<=M  !.%AK$%"#+

GN01O

GN01O

GN01O

GN01O

2@ !G1H !"#$%PQA,-./01()23 !OR 7:+D&! !9:&!;<$.%I'().%(KS)()"TU+-&!+D01()56 '9:&!;<"
.%VW()7:"X,-01 '7:()2@+D&!+S);<AKL"#()YF$/AI!()0:,-I!7:(K.%A)78+-&!.%AK2@+,-I!7Z,-56(K56( !>?()A)7:(KI!&!()5)(
A)78+-&!.%23$%7:./+-01L-&'(GN01O>[+DGN+-9:+5678+-&! !9:&!+DO.%"#$/\]+-&!&!+DO()./&!()2@&'+-O^_`ab)c_`1d'd

H

Rq

q
G

R
G

R
HH

a

a

aww

auu

Rq

q
G

R
G

Hu

ωω

φρω
ρ−ρ

φρρφρσ
α−

φρρφρτφρρφρτ

φρω
φρρφρσ

ρ−ρ

φρρφρτ
ℜα

πφ≤≤ρ≤φρττ

πφ≤≤ρ≤φρσσ

πφ≤∞ρ≤φρ

πφ≤∞ρ≤φρ

φρρφρτ
−

φρρφρτ
−

ρ−ρ

φρρφρσ
αφρφρω

2

0

00000

0

2

00000

0

2

2

00000

0

2

1

1

00000

0

2

0

00000

0

2

00000

0

2

2

00000

0

2

1

0

00000

0

2

2

π

ππ

ππ

ππ

π

-i-i

a

aa

a

ii

a

aa

-i-i

a

φφ

∞

∞∞

∞

φφ

∞

∞∞

φφ

∞

0

0

0

ef

g%haijhkl!mn:o hkpqm]l'pqr]stauvs1wxhkpqp<r]sy!tkpQykz-pqr]s{n8| hkzZh



149

.=

¨

(3.1.10)

.
dd),(

2

1
dd),(

2

1

ee

dd),(
+),(=),(

(3.1.9),
dd),(

ee

dd),(
),(=),(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()*+,-"./012/34+5+6-75+ () .5+48+/0"./3-7(9 !5+:);<=/0&'>?(@ ( @ :)(96?4+5+5-A)B :9;-7C%DE4+(
()F#/34+;>?C%>G C?>>?"#$%&'C-74+/8+/0"./3HI/3JK/04+5+*- B F#5 @ <=/04+5+6 !<=68+"./05+HL$?JK/ @ :)-7C
4+4 B //()8+"#/3 !/0<5+HI/3/0:-75+ -7:9()".()*>?C%>-7"#/3HI6?,:)(-4+C?8M".6?DE/04+5+*+,- B F#5 @ <=/04+5+6
 !<=6$? !( A /34A (9<=/3/-75+ N /3"#- B *"./012/34+5+6OP:)(9F.4+()&)(-75+ .CF./0: B "./Q  ./ @ ;

8+"./0 @ :9C?-7<=6%/3HH BHI/3:9() !C?,4+C?12/0&'(&'5 A >?( @ :);8+".(9 !/3HI()4 @ :)"#5+".()-RC?:);S :)( A)B

8+()<.$?8+".( @ :)"#C?4 @ :9-7(%P5 Q ():)".(98+4+()&)(@ <.$?F.C?/-Q C% !C?F.5@ HI/012C?4+4+(9*
( @ 4+()-74M()*-74M$%:)"./04+4+/3* !<=6$?"#C?-74+/04+5+65+4+:9/3&'"#C?<=;?4 B /( @ 4+()-74 B /TUB -7/0 !5+:)/V P

V PWXYPWXZ[7\]^V PWXYP _` ()"#HL$?<- B -R() N ".()-R/3".;%:)/a P

V PWXYP bR\]^V PWXYP a` ()"#HL$?<- B -R() N ".()-R/3".;%:)/XYP

c $?"#;?/RP".6? .C?d-8+"./0 @ :9C?-7<=/04 BA)B :9;HI()&9$?:
` $?4M>?eE5+5$?F#C @ :)-f$?ghJK5+/- @ /F.:9(8+"./0 !8+()<!()DE/34M5+5+,-&'C%".HI()4+5+>%5+,i 4+()* !<=6
8+()<.$?F./04+(Q C% !C?F-74+/0124+/3*5-74M$%:)"./04+4+/3*( A /35+d"./012/34+5+/G ()F#4+()/@ <.$?F.C?5UP( A JK5+*

5( @ / @ 5MHIHj/0:)".5MF.4 B *():9 !/3<=;%4+(".C @0@ HI():9".5+HH B@ /0>?eE5+6%d8+( @ <=/3 #$?ghJK5+dT
"./012/34+5+/fP:)C%>?()/ !( @ :)C?-R5+:);@ 8M( @ ( A /34HI/3:9() 4+()- B *F.:9(-7/0".5+HI,H BdM():96-7"#/3HI6?,

4+C @ :)()6%JK/3/-4+/05 Q -7/ @ :94+($?"#C?-74+/04+5+6k :95+d` ()"#HI/Q C%HI>?4M$?:9()*-"./012/34+5+/G ()F#4+()/

a

n

Rq

q
G

R
G

Hu

R
H

Hw

ρ

−

−

φρρφρτ
−

φρρφρτ
−

ρ−ρ

φρρφρσ
αφρφρω

φρρφρσ
−

ρ−ρ

φρρφρτ
ℜα−φρφρω

lfm+nEm+oEmp%qrs'tum+vwvhm+xy!p%vwy!z#vwm+xy!p%s%p'{wqrqrs%|!}E{hoEvhm+x~ vh�M|=}�s%vhvwx+x�.� �

00000

00

2

2

00000

00

2

1

0

00000

00

2

2

00000

00

2

0

00000

00

2

1

ππ

π

π

π

aa

-i-i

a

a

ii

a

φφ

φφ

0

0

���3�7�0�R��������=�3�'�'�3������'�����'�3����������'���������R�'�R�'�0�� �)�3�Y�R���'�%�0��Y� �

�O�� ¡2¢�£=¤O¥¦§�¨f§�©�¨



,d)(

(3.2.5).
)(

d)(

)(

d
4)(=)(

(3.2.4)

,
)(

d)(

)(

d
2)d(2+)(=)(

(3.2.3)

).(=d)(
)(

d)(

)(

d
2

2

(3.2.2)

),(=
)(

d)(

)(

d
2+)d(2

(3.2.1).<20,),(=

;<20,),(=

;<20,0),(=

;<20,0),(=

¨

150

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()  !*+,-./&0$%1-$234567849:9  !;< #=4> 8 ;',0 !?8675=@,-.7A5 $345
8 =4$B !CD; 8 ;',- #?=41EFG 2 HD2 HBI,-;'1-JK=4 #= 8 A"!$ 5 ; 5 =4L5%M  ,-?N= 5BO 1- !?P L

= 84O  Q(5%3 ;' 6  #./ !=4L8,-"#. 5 J 84R4SCD;'1-= 84T =4LUV8 *8 *WJK !"#$%=4L8X ,-=4Y0> 848

J 846 (3 ; 8 ?Z #$,-;'1-JK=4 #= 84R8 =4$B !CD;'1-./&-=4LUV5 "#= 5 JK=@LUV[ 8 "!$B !?N1
6 ./A
6 ./A
6 ./A
6 ./A

" 8 ?Z?N #$%; 848 (5 "# !J 5BR"!.<, T 1- J,-"#. 5 J 8 A\ ;<10= 84T =4LU 
] $%10? 3 1 2JK=4 3 ; 8 . 5%O  !=@= 5%R

=41-C%;',-*WY 84S$%10=4CD !=@> 8 1-./&-= 5%R8= 5 ;'?N1-./&-= 5BR5 "# !" 8 ?N?Z #$%; 8@T = 5%R3 ; 5B8 *^J 5 ./&-= 5%R
JK. 8 A-= 8  _ "!"#./ 675 JK1-= 53 ; 8 ?Z #;<1-V 2=413 ; 5B6  !? 5 =@"!$%; 8 ; 5 J`1-= 5=41 3 ;<1-JK.7 != 848

;<1 6<8 1-./&0= 5 ?J;<1-" ]a8 ;<A0bcd 8 ?Z"#A8" 8 ./L= 5 ;'?N1-./&-= 5BR6  R "!$%J 8  !?345%6
345 .<, 3 ; 5 "!$%;'1-=4"!$BJ 5 ? S"=4= 5 ?e, "!>f 3 .] $%10? 3 , SY-;',0CD. 5 ?N,3 . 5 "!Y 5 ?e,Y$% #V@= 8 Y 8 g

$ 5%Rh ; 8 . 5BO  != 8  ,-"#$%1-= 5 JK./ #=4L 2JK*W1 8 ? 5%5 $%= 5B]  != 8 A
g
$ 5 C 56 ./A=4 5%M V 5B678 ?NLU 

rr

r

xxx

x
Hu

xx

x
Hw

xx

xxH

xx

x
H

a

a

aww

auu

ρ
ρρ−ρ

ρ−

ρρρτ

ρ−
ργγ−ρρω

ρ−

ρρρσ

ρ−
−ρρταπρρω

ωω

ρωρρρσαπ−
−ρ

ρρτ

−ρ
γγ

ρ

ρω
−ρ

ρρρσ

−ρ
ρρταπ−

πφ≤∞≤ρ≤ρττ

πφ≤∞≤ρ≤ρσσ

πφ≤≤ρ≤ρ

πφ≤≤ρ≤ρ

-1/222

1/2

0

22

00

2
0

1/2222212

1/2

0

22

000

1/222001

2000

0

1/22

0

2

00

1/222

2

0

21

11/22

0

2

000

1/222

0

00

ρρ

ρ

ρ

























a

x

a

a

x

aa

x

a

x

aa

∞

∞∞

ij

k!lmnolpq4rs<t lpuvraq@uvwaxymz{x/|}lpuvuUwax~4ypuc~p�-uvwax�s'� lp��l



151

(3.2.11)

.+)(=
))((

d)(
)(

2
+)(

¨

(3.2.10)

.
)(

d)(

d

d
)(=)(,

)(

d)(

d

d1
=)(

(3.2.9).
)(

d)(

d

d11
=)(

(3.2.8)),(=
)(

d)(

)(

)d(
2

(3.2.7).
)(

d)(

d

d1
=)(

(3.2.6)).(=
)(

d)(
+

)(

)d(
+)d(

2

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"# !$%&'()*+,-&'./01-23,-4+5)6789./,:;: ,-43,<&/="!=>2?.@ 43,<1-A

./&/B#,-CDEF./E+ : ()&/./0G  !1<2?,B,43(HIJ#K LDK M;N
:HIJ#K LDKOPQR#NS  !431<B!()&' :;T (&/( G E+0)UV,<&/./W KX 5)& T)Y ./.&/,<./$ : ,<1-B#&/=>,G  T (.@ 43,<1-A

: ./4+,Z[:HIJ#K LDK JZN
.HIJ#K LDK L#N5)EF( : &/,<&/./W1-.'1-B!,<\]=E+,<^_,-&/./,S  !2? #UV./\

E+,<^_,-&/./, K1-(`\] !,UV,B! a X'X , T B#. : &/ 43()67B.a T`: . : (`2?,-&/B#&/=
E+,<^_,-&/./0: 1<,*+B# S  T ()$%(`&/ !b1 G  !1- #"!()\]. KE+()$Q2?./*F&/=>\].*+,<B!=>E+A)\]0&/./UV,
E+,<^_,-&/(HIJ#K LDK cZN.HIJ#K LDK M;N5)EF( : &/,<&/./W./&/B#,-CDEF()2?A)&/=>d\] !43. X . Y ./E+ : ()&/&'=>de ./1-B#,-\](

CD4+,

E+,<$Q5)23A)B!()B# !\9[
1HIJ#K LDK JZN b5)EF( : &/,<&/./6TG E+.'2? !UV,-&' "!=>B#A\] !UV,<BG E+,< !"!EF()$% : ()&/.',f &/()23 !CD./*F&/ !,

@ 43,<1-A

br
tart

tttf
rarf

ff

t

ttf

t

tttf

rrrH
r

r
rr

r

rrH
r

r
rr

r

χ
−−

−
πγγ√

α

−ρρ
γγρτ

−ρρρ
ρσ

ρ−

ρρρω

γγ√π
χ

χ
ρ−

ρρρσ

γγ√

α
−

−ρ

ρρτ
γγ√

π

ρ−

ρρρω

π
χ

χ
−ρ

ρρρσ

ρ−

ρρτ
αρρτα−

π

11/22222

2

0

1/222
2

21

1/222

2

0

-1/2
211/222

1

0

1/222

2
2

0
21

22

21/2

0

22

000

0
22

1/22

0

2

00

21

1/222

1

0

21

11/22

0

2

000

1/2

0

22

00

0

00

0

ρρ













a

r

r

r

a

r

r

ara

gh

ijk-l;k<mZknopqrst?k-uDuDk-vwxnouDwxy%uDk-vwxnorsnozDpqpqro{x|ZzDmZuDk<v} u!~-{�|ZrouDu`v<v��� �

�+�q�'�F��q�Z�3�+�`�)�� �Z�>���q�q�



(3.2.15)).(=)(),(=)(

(3.2.14)

).(=
))((

d)(
)(

2
+)(

¨

(3.2.13).
(0))(

2
=

)(

d)(

d

d

)(

d

,
)(

2
=

)(

d)(

d

d

)(

d

,
))((

d)(
)(=

)(

d)(

d

d

)(

d

,
)(

d)(
=

)(

d)(

d

d

)(

d

0,=

(3.2.12).
)(

d)(
2

=

152

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()* +,-./0 1203456/78,-./0 12034/4579 $%: +;< ( < 8=>? (@$A( ?=8=B :CD#E< :C&? "#F + "/G >CH D? $A(@I ? "#GJ"#KL( < 8=>M D 8

N 9CB D#E

9C? $%"#OP( < 8!>? " B GQ(D(IJ:,-./0 120 R)7+,-./0 120345S/7? "#I B D#: < " +;T : U ( ? (V$AE,W4X0 ./0 Y;7-08,W4X0 ./0 1/78=B@? "#GQECF 9C>? $A" + (V$%( < "#Z[#\]D/E&'"#KL(@D,-./0 12034X.)7^_: + ( < B D + "

8=B@? "#GQECF 9CH D BV> *$A: + ( < B D + :B GJ(VI 9CH O 8 (IJ:CGJ(V(VZ8` IJ( B E"#[/O < " B D 8 0
? "#D/(V$ 8[#(@F? $A(@I ? "#GJ"#K 8 D#E&'"#KL(@&&'\a D/"? " T :CFb: < "#Z[ 9 IJ(VDNc"#F5KL(

tftftftf

r
tart

ttf
rarrf

r

frf

tx

ttf

xxr

x

r

rf

xt

ttf

xrx

x

tat

ttf
ra

tx

ttf

xrx

x

rtt

ttf
r

xt

ttf

xxr

x

b

ta

ttf
b

−−−

χ
−−

−
πγγ√

α−

−π
−−

π−
−−

−ρ−
−

−−

−−−

−γγ√π
α

2211

21/22222

2

0

1/222
1

21

1/222

0

1/222

0

1/2221/222

1/22222

0

1/222

1/222

0

1/222

22

0

1/2221/222

0

1/222

2

0
21







a

xr

x

a

r

a

ax

r

a

a

x

ar

a

dVefgheij=klAm einokpj!noqprsfturQvweinon]qprx=sinyxizCnoqpr{l%| eiz}e



153

(3.2.19),/=)tanh(

(3.2.18)

.
d)(+

=
d)(+

)tanh(+

))((

d)(
)tanh(

+
)(

+
)(

d)(+

,d)()()+(

(3.2.17)

).(=
))((

d)(
)(

1
+)(

,+=+=

(3.2.16)

).(=
))((

d)(
)(

1
+)(

,+)(=
))((

d)(
)(

1
+)(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'() !*+,-./01.2%3'456+78*3'98$: !6+1.;8 "!<=>#?*@ !AB1C>DEF#G HIGJKLMNO3'$:&'PQ;81C;8781

R 98$%1C201./STUT

>!&UV' !WX,98 !/%3'Y%&'1C>!-.T
Z 1.([3'/S?U>!&'>G20  !>98 78;8>#1.\I$:78$:3'1C*798 !-C>! !TU;8;8&'TU];81C78(^PQ1C-.>#;8&'T98 !VU&

1.-C>!?\I2%1;8&DEF#G HIGJK)_#O3'$:&'PQ;81C;878TY%&'-C>!7 !"#1` *@;8 !Aa78*

78*@1.;b;8 !]&3'$:&'PQ;81C;87845]
78;8>#1.\I$:&'/S?';8 #*c3-.7b;8\!3'/STU$%;8 !*c3 !2%;8 !*c3V-.PN1.201C;8&"!<=>#?*@ !AB1C>DEF#G HIGJK^dQO ]

P !987b-.&';8;b&'T-.7b-.>!1C*@&']7e 3';bV'fB787V' #*g9b/S1.V'-C;8<=1h PQ #20T

yr

rr

ra

ra

yt

ttf

ta

ta
i

tayt

ttf

ya

ya
yai

ya

ya
yf

yr

rrf

ra

ra
i

aar

ryrrara

r
tart

ttf
rarfi

iifff

r
tart

ttf
rarf

br
tart

ttf
rarf

γγ√αθπ

−
χ

−−−
θπ

−−
θπ

−
−−

−
π−

−−γγ√
α−

−
θ−−

χ
−−

−
πγγ√

α−

χχχ

χ
−−

−
πγγ√

α−

χ
−−

−
πγγ√

α

21

1/222

1/222

21

-1

1/222

1/222

21

2121

21/222

2
1/222

1

21

11/222

1
1/222

2

21

θθ

θ

θθ

θθ































-i

-a

a

i

-a

a

-a

a

-i

-i-i

-a

a

i-i

-a

a

-a

a

-a

a

ijk.lQkCmNkn[oapqrSk.sIsIk.tuvn[sIuvw^sIk.tuvn[pqn[xIoaoap[yvzNxImNsIkCt{ s!|.yLzNp[sIsUtCt}L~ �



(3.2.23).
)(

d)(
2=d)(2=

¨

0,=

0=

0,=

,)

()+(

(3.2.22).
))((

)d,(
d+),(=

)d,(d

(3.2.21)

.
d)(++1

+)()tanh()(cosh=)(

(3.2.20)

.
d)(+

=

))((

d)(
))(tanh(+)(

+

154

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"!#$%&'()* !)+,-./01"! !%&2
3!,-4+516+%7"8-9 #$:2;,-<=%7#.>%7?1#-,$)@ 4A0B.>" 9CDEF#-0B2;3!0*G.>"!%3!)+ H4A,-<=%&"H,"!%
"!01'-)*51IJ,-?"! !?B01?1 !K EF#-0B2;3!01L,-M7%&M& H2;2N%7#-)+ H6+"!,-'(,"!"!,$'(,%M&O=%73!4M&4+516+0 DPQ%7#-014A:B"!,

8 ,$4A%&%)+01M7M&2;,-#$)+%&#$:2;,-<=%722 9 IR0B?1,-"!6*%&"!,$L#-%73!%&)+:)+%7EF%&"! !%S 8-T %7%

UVW G X(G XYZJ[VG\ ,-)*2;%.IR0B3! !M&0B"!,
)+%7EF%&"! !%,-?B,-"!6+0B#-%&4A:B"!,-%3!,-6*%&2]5, 8$^_` M&" ` %&#$La #$, ?1,$'(PQ051PQ,$.>4A%7#-.>,$) ` %7#-M ` L

51M74A,-./ !%51M74A,-./ !%6+#$,3!,-?B01I 9 ./01%&#$LUVW G X(G XYZJ[. 9 )*01<=%&"! ` !"!#$%&'()* !)+,-./01"! !%
b ,-,$#-.>%7#-M&#$.>%&"!"H,-%UVW G X(GcZJX$[VG.,-3!)*%&PQ%74A%&"!,'(P+%51M74A,-./ !%51PQ,$.>4A%7#-.>,$)+ !#-:

6+#$, 8-9#-0B?1L. 9C8 )+01"!,8-9 #$:PQ,$4A<="!,d "!0B6+%&"! H%3!,-M7#-, ` "!"!, D G3!)+,$ !IR./,-4A:1"H, D
?10B6+%&M7#-.>%.MUVW G X(GcZJe$[fL)+%7EF%&"! !%,-P+"!,-)+,$PQ"!,-%3!)+%7PQM&#$01.>4 ` %&#?1,$#-,-) 9CD

6+4A%7"3!4AghMUVW G X(G XYZJ[\ ,-)*2]514A, DPQ01"H,UVW G X(GcZJe$[)+%7EF%&"! !%3!,-4Q"!,-%'(,$.>,-) ` L
b #-)+,$'(,i W GcZjGi 3!3!%7"!PQ !?1M7%.PQ01" 9IRP+%&M&:BL !M73!,-4A:1IJ,-./01"!" 9 % !"!#$%&'()*014 9 Lk )*51'- !%

ZRl/m-n>[Uop 51M7KH%&4Q !EF.> !4A HL !M73!,-4A:1IJ,-./01"!,8-9 4A, !"!#$%&'()*014A01K
M& H"!'-514 ` )+" 9 K. !"!#$%&'()* !)+,-./01"! `3!,-) ` PQ?10 !IJ2;%&"!%&"H `3!)+0B.> !4A,b 4A%7P+51g T  !%

.> !P+%/q..>,$IR2;,-<=" 9 2M&#$01"!,-./ !#-M `)+%7EF%&"! !%#-,$6+"!,-%
 UVW G X(GcZJe$[fL !M73!,-4A:1Ir5 `UVW G X(G X$s$[fL !I !M7?14Agh6+%7"8-9 #$:2;,-<=%7# !"!#$%&'()*014b  !"!'$514 ` )*" 9CD

ta

tttf
P

P

c

b

bb

c

cy

ayac

rtyr

rtrf
tyyf

rt

ttrf

yr

r

yr

rr

ra

ra

ya

ya
yiyf

yr

rr

ra

ra

tayt

ttf
ya

i
yf

ya

ya

−
πρρρσπ

−

−−
π−

−−

−
χ

−−π
χθπθπ−

−
χ

−

−−
−θπ

π−
π−

1/222

1

00

2

2

1/222

1/222

θ

θ

θθ

θ

θ





































aa

-i

i

-a

a

-a

a

-a

a

-a

a

-i

-a

a

i

-i

-a

a

-a

a

-i

t&u_vwuxy!z{+| ux}~zFyH}~�F��_���A��ux}~}C�F��!�x}h�x�1}~�F��{*� ux��u



155

(3.2.27)

.>,)tanh(d
)(

)}({
2=)(

,d
)(

)}({
2=)(

(3.2.26)

.
2))((

)d(

)(

d)(
2

2
=)(

,
))((

d)(
d

)(

)(
4=)(

(3.2.25)

.>,
2)(

)d(

)(

d
2

2
=)(

;>,
)(

)d(

)(

d
4=)(

,>

(3.2.24).)d(
+

)cosh(=

.=¨

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$

%&'(%) '(*+,+-.'(/01234567891:;< 4= < )>? " 6&4 ' 491%(91/+@A' 4 <." 6 / 23B,CDE5F GHF GIJ>KLM
,CDE5F GHFNJ>O5K, )P 2 @Q,+-."#<R/ 201234567891S ? 4CDE5F GHF G1TUKP,+/ 4 <.S = '&" 2V ,+/+S ? "#$ = / 2 <

%* = ,WPU91 !, 4*+9,+/ 4 <.S = , = 91PX'&/+,+<,CDE5F GHF GHYXKPCDE5F GHFNJ>Z5K[ 91 !- 4 '&/W91PU%&'

 !"#$

 !"#$

= < )>? " 6&4 ' 4 917\]- !"#$CDE5F GHF EXK,CDE5F GHF G5K
P 2 PX91 !'*+91P 4 9 = <./+,+<R7*+91" ? @A<R/+901234567891:;< 4^ 4 '(78*+'PU/+<*+< = <.78<._\<R/+, B[ 91"#<

CDE5F GHF GHEXK ]PCDE5F GHF GIJ>K*+91 A- 4 '(/+91PU%(,*+91-R"#<*+91" ? @A,+77 2PU/+,W78'&/+,+< M
PU9` 4 9[ = ,+/+,W78'&$@ 4 9,a ? /W%&b;,+$ M4 @Q'&$</+<R@@ 4 9/+'&*W9178,+/+'&<R7 Mcd2

aPy
y

yZyH
u

y
y

yZ
Hw

P
tayt

ttf

y

yyyaH
u

tayt

tttf
y

y

ya
Hw

x

aP
yx

xx

y

yyH
u

a
yx

xx

y

y
Hw

a

rr
ra

ra
P

fff

ρθπ−
−ρ

ℑγγ√
ρ

ρ

−ρ
ℜρ

α−
−−−ρ

−γγ√
ρ

ρ

−−−ρ
−ρ

ρα−
−

τ
−ρ

γγ
ρ

ρ

ρ
−

σ
−ρ

ρ

ρ

χ
−

ℜθππ

ℜ

1/222

0

21

1/222

0

1/22222

2

0

1/222

21/222

0

21

1/22222

1

0

1/222

1/222

0

1/2221/222

2

0

21

1/2221/222

0

1

θ

























a

a

aa

aa

y

aa

y

aa

-i

-a

a

e

fLg.hUgRiXgjklmnop#g.qHqHg.rstjkqHstuvqHg.rstjknojkwHlmlmnkxtyXwHiXqHgRrz q1{.x|yXnkqHq(rRr}|~ �



(3.2.32)).(=
)d(

)(

),(=
)d(

+)(

(3.2.31)),(=)(),(=)(

(3.2.30)).(=
)d(

)(
2

2

),(=)(
2)(

)d(
+

)d(
2

¨

(3.2.29).
)(

)d(

d

d1
=)(,

)(

d)(

d

d1
=)(

(3.2.28)

.
)d(++

)tanh()()(cosh=)(

156

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&#'()*)&#+,-./%0123&#45$*67289:;+,<=>

&#?@&/*25AB23/*)*45?#$*+CD67E,F-G+DH(25EIJK,L MNL KOP,Q"#AR?#:;$*25$*)*>

S E,+TU+D01?@VN?#>@W

AB25XY"#0=F#ED?#ENZE2<=?IJK,L MNL [OQ)IJK,L MNL \;Q:
IJK,L MNL MD];QTU+D<=45ED?#$%+D:;&#?$*?#/%AB>#H(25$*)*^ L !"#$%&#'()*)$*25)*X_:;2543E,$*672/*+D&@?)` /*>#E,F#W

 %+DAR-G2:X_?@<=? S )AB25ab23$*)*2TU+D01+,H()*-L
4325&#'()*) Lc E,+D^AB25XY"#0=F#ED?#E,?#-G)+D45$*+D:;$%67-G)>#:O01>#deED45>IJK,L MNL M!fYQ)IJK,L MNLgfYP,Qhi+DAR-j"#016

k <=2543F

r
rt

ttF
rF

r
rt

ttF
rF

tFtFtFtF

r
rt

ttF
r

rF

rrF
rtt

ttF
r

t

ttF

FF

t

ttF

t

tttF

yr

rr

ra

ra

ya

yai
yyZ

χ
−γγ√π

α−−

χ
−γγ√π

α−

−−−

χ
−γγ√

α−π−
π

χπ−
−γγ√

α
γγ√

α
π

ρ−ργγ√
ρτ

ρ−ρρ
ρσ

−
χ

−−
θπ

π
−χθππ

2

1

21

2

1

2

21

1

2211

222

1

0
21

2

1122

2

0
21

22

0
21

1/222

2

21
1/222

1

2

ρρ

θθ































-a

a

-a

a

a

aa

aa

-i

-a

a

i

lm

n3opqro9s*tuBv o9wxtbs%wxybz{p|}z1~�o9wxw7ybz�*{9we�9�#wxybz�uR� o9��o

�B���%��B�N�@�1�@�@��e�O�7��� � �



157

¨

¨

(3.2.37)

.
)d(++

)tanh(+)()(cosh=)(

¨

(3.2.36)

.
)d(++

)coth(=
)d(

)coth(+)(

,/=)tanh(

(3.2.35)

.
)d(+

=
)d(+

)coth(
)d(

)coth(
+

+)(
+

+
)d(+

)()()+(

(3.2.34)).(=
)d(

+)(

(3.2.33)),(+)(=)(),(+)(=)(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 
!"#"$%&'()*+!"*,-./012#"!"34&5672$5"-.8,729,&:#;<$.1=4>5"?#"1@A&:B"C'$./D72EFGH!"IC'!68J?/K&:L2$.-%*M 8J1=/K#"NOB

;<$.1=4>5"1+P#"#"-%()-&C'QR&:5"8C'8,729,123@A8J35"*,&:@AC'$%12/K8J&:#"N*,&:ST728AU2$.12$%N@A-%5"-.8J#"!"$%&'8JU=#"NO&
V &'L2-%$.-.*+NO&SW1=L2-.#"9+&'#"#"NO4HP*,&:;<&'#"!"&-.X%GH&'&C'9+!"$.12$%U4>-.YR&:4Z N

&'C:$.U+ *,&:ST728AU2$.12$-.L=-.#"9,1=$.&'8JU=#"NOB
![\] P ^)P ]0_%` ?!"C:5"-.8JU2Sa723[\] P ^)P ]KbK` ?!"S#&!"C:L28JEF9X.NO$%U4>-.YR&:$!"#"$%&'()*+128c !"#"(%728J32*+#"NOB

!"4>&'#6#"-.?1SW#6129,!"$%&'8JU2#6-.?725"*+-.GH&'#"-
X.NO$%U4>-.YR&:$[\] P ^)P ]%d0`72*+12/K#"&:#"!"&*,12#6U2;<&'?!L21=Le *,!"#"!64>1232?

!"C:5"-.8JU2ST-./012#"NfPX.NO8J!] Pghi 5"5"&:#"@A!"L2C:1!"S!"#"$%&'()*+128JN![\] P ^)P ^%^ `j -.*+4k728J1l @A&:C'U

L5"*,!6/K-.@A!6$@A-
-.$5"-!"#"$%&'()*+!"*,-./012#"!"&!#"1[\] P ^)P ]0_%`m 4>#"-.Yn&'#"!"&

!"4>&'#6#"-.?172*+12/K#"&:#"!"EF?-.@,#"-.4k7LC'/0&'@A&:#"1X.NO$%U4>-.YR&:$[\] P ^)P ] ^ `C'!6C'$.&:4>1

yr

rr

ra

ra

ya

yai
yyF

yr

rr

ra

ra

ya

yai

yt

ttFi
yF

yr

rr

ra

ra

yt

ttF

ta

ta

iyt

ttF

iya

ya
yF

ya

yai

yr

rrF

ra

ra

a

aryrrara

r
rt

ttFi
rF

rirrriFrFrF

σ

−
χ

−−
θπ

π
χ−θπ

−
χ

−−
θπ

π
−

−
θπ

π

γγ√αθπ

−
χ

−
−

−−
θππ−

−
×

θππ
−−

π−
γγ√π

α
−−

−−−

χ−
−γγ√π

α

χχχ

2

21

2

21

-1

21

2121

θθ

θθ

θθ

θθθ

θθ



































































-i

-a

a

i

-i

-a

a

i

-a

a

-i

-a

a

-i

-a

a

-a

a

-i-i-i

-a

a

i-i

-a

a

opq'rKq:s0qtaunvwxJq'y)y)q'z{|tay){|}Wy)q'z{|tavwta~)ununva�|�0~)s0y)q:z� y.�'���0vay)y=z:z��� �



),(
2
=

))((

d)(
)(+

d)(

(3.2.40)

.
)(

)d(

d

d1
=)(,

)(

d)(

d

d1
=)(

),(=)(

(3.2.39)

.>,)tanh(+d
)(

)}({
2=)(

,d
)(

)}({
2=)(

.)d(
+

)cosh(=

¨

(3.2.38).)d(=)d(2=

158

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"# !$%&'()&*+,- "#./0%12"#$34567 897 :;<"34567 897 =/<.34567 897 >6?6<@ 0%12 '$%ABC#0%. * A

D"EFG C *BH ","C,&'",IJ./&' !$6C,KLM+ 0 * A"C,0%.;KLM12.;& N
& - &!I./K - ABOP&!C,KQ KL$6R()0%S G $C,A +#-TU OP&'C," U@VG  '$%R

34567 897 86W6<47+ 0%.;$%0 -XUBY $12&'Z, !$%.;",$%&'[\RBC,06 !$%".34567 897 5/]/<E 0 - ( G [\K N
$600%I^C,A

N
A_&!$%`a%$60"

N
$60+ 0 * ABIJKL.;AB&!$6`34567 897 5;W6<"34567 897 89:;<b - AB.;C,&!C,"#&

12[ U

- &'I G [2RB$%AB$60%( D
 34567 897 89c;< `.34567 897 8%]/<"34567 897 5;W6<+ 0%1T !$%A_C,0%. * 0%ZC,ABZ#12&!C,KQ KL$6R()0%S G $d $%A_( + A

./C,&@ & - &!()&!ef&'C," U34567 897 86>6<47",12&'C,$%"
N
&!C- &'I G [2RB$%AB$a%$60%$0%OP"#12AB[\06 !RB`"g A *

$ D&12A34567 897 56:;<.34567 897 5;W6<@ 0%12 '$%ABC#0%. * A

r
tart

tttq
ra

rt

tttq

t

ttq

t

tttq

qq

yFyZ

aPy
y

yFyH
u

y
y

yF
Hw

rr
ra

ra
P

ttFttFP

χπ
−−

−
−γγ√

α

ρ−ργγ√
ρτ

−ρρρ
ρσ

π−

ρθπ
−ρ

ℑπγγ√
ρ

−ρ

−ρ
ℜπ−ρ

χ
−

ℜθππ

π−π−

11/22222

1

0

1/222

22

2

0
21

1/222

2

21
1/222

1

0

1/222

0

21

1/222

0

11

0

ρ

ρ

θ













aa

a

a

a

-i

-a

a

-a

aa

hi

j!klmnkop,qrTs kotuqvp#tuwvxylz{x\|}kotutLwvx~,yot�~o�Btuwvx�rX� ko��k

�T���#�X��_�\���_�T���B�� �;�L�������



159

(3.2.46)

).(=d
)()()(

)coth(
2

)(

)d()()(
)tanh(

2
+)()(1

4

))/((

(3.2.45).|
+

ln|cos=)(,|
+

ln|sin=)(

¨

(3.2.44).
d)(

+)(
2
=)(

(3.2.43)).(=
d)(

))((

d)(
)(

¨

(3.2.42)).()(=)(

(3.2.41)).(=)()(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 ! "#$%&#'()*+,-./ #'01234 - 01*5)()46#$780923:;<3()*=#> :&#$%1?3@ABC5)#%&23:&#$#5D %&# > <

# > 4.<9,E #$FG?3:;<H4.234I
% -J- 4/)-5)()46#$78095)09?3#'K5()2LMN I O8I P N"Q> 4 - 0 - ()*-.R #S KT( -.U 5)K

-.R6- FV(W23X1#$(W5)#K#Y  !#'%>$/W-.>$-6R.- K I> :&#$%1?3@ABC5)K
/)- :1?3X1#'( -R *=46<K -.U #'4LMN I O8I P N"Q?30923 !()#'()5)Z5)()46#$780923:;<3( - 7 -01#'[\#$()5)#] - X9( - #

D %&# > <

4H,#%&2LMN I O8I P^_ Q?30923 !()#'()5)#/ #'01 - # LMN I O8I P6O Q` - % > 4.23( -  !a32

a32HaLMN I O8I P^_ Q?30923 !()#'()5)Z !4 - 0 - 7 -5)F !*=092 U #$()2R *=46<K -.U #'4b ?3()aHcd5)Z

xt
x

xY

t

tY

tx

tq

tx

ttq

x

xY

ta

xa

t

tY
xYxq

x

a

rxrrY

ra

ra
rY

ra

ra
rY

rt

ttt
rr

r
rt

tttq

tart

tttq
ra

rrqrq

q

rrqrq

ψ−
−

θπ
γγ

απ−

−−
−−θππ

γγ
α−π−

−

−
θ

−
θ

−

χ

γγ√
αχπψ

ψ
−γγ

α−
−−

−

χ−
γγ√

α−

χ
γγ√

α−−

Xc

ss

22

1

0
21

2

22

1s1/2

22

22s

0

c1
21

2

2

2

22
c

cs

22

2

0
21

1

22

1

0
21

2

1/22222

1

0

1/222

21

21

2

21

21

2





































a

a

a

aa

e

fgh$i!h'j"hkGlmnop;h$q8q8h$rstkGq8stuVq8h$rstkGnokGv8lmlmnGwtx"v8j"q8h'ry q.z$w{x"nGq8qHr'r|{} ~



(3.2.51).)}({)(
2

})/({)(
2
+

)()tanh()()(
2
+)()(

2
)(cosh=)(

0,=

(3.2.50)

.
)(

+)()(+)()()(cosh
4

=)(

(3.2.49)

).(=
)d(

1)()tanh(
2)(cosh4

)()(

¨))/((

(3.2.48)

).(=
)d(

1)()tanh(
2
+
)(cosh4

)()(

,/=)tanh(

(3.2.47).
d)()(

=)(,
)d()(

=)(

160

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$!%&'()*+,%&-./*0!/123&4 '(/56789 :;9 :8:8<= %&>1?@A*' 4-BC#>D"E !F?G%&HI =  !JK !>D%8-B/*0!0L/*FM HIC#"E)

2 
NDC#>DCE+>DC#OPCE0! !C- 4 >1/*+Q !R8)0!/*?$!%&+,-B%8'(F*CER56789 :;9 S.T8<-56789 :;9 U8U8<V %&HI"#R&/*0L%&-BW*/

0LA*'IX 9>D/*-.0!%3&4 R8)HI%8'(YK0!%R&%8Z;HI/R&%8NDW*C-0!C#"E !0!Z8A*'(F*>D0 4 ?G 3&4 R8)
HI%8'(YK0 456789 :;9 U8T8<[\-%&$!>1CEHIC#'(CE0!0 4 C0!/*$L>DF*YKC#0! !F \] "E'I $!%&"#R&%&F^0!0!/*F 9$!>D%8 !+Q-.%&'()*0L/*F

CE"#R&) >DC#OPCE0! !C \%&HD0!%&>D%8HI0!%&C$!>DC#HI"ER8/*-B'(F^CER56789 :;9 S.T8<-ND'(C#0V %&"#'(CEHI0L !_

>DC#OPCE0! !CHI/*X`R%&W^%&0!ND/^R&CE'()^0!%56789 :;9 U&aB< 56789 :;9 U;b.<c >D/^-B0!CE0L !F

WA*$!>1%&deCE0! LF
$!%&"#'(CRC-BC#H0!/56789 :;9 U;7.<A*?G0!%8YKCE0! !F$!>D%8JKCEHDA^>D/f 0!/*'I%&Z; !N10!/*F

W*/^WA*$!>1%&deCE0!%3&4 R8)?G%&YKC#R56789 :;9 U&gB<A*>1/*-B0!C#0! !C$!%&'I/*Z;/*Fh $!F*R8) \

xxxYxxxxY

xxxYxxxYxq

b

b

x

xY
bxxYxxxYxq

x
tx

ttq

ta

xa
xY

x

xYxq

xrrrY

xx
tx

ttq

ta

xa
xY

x

xYxq

xr

rrrrY
x

xr

rrrY
x

χ
π

−χ
π

χθπ−χ
π

χ
π

θπ−

χ
χ

ρ

ψψθπ
π

−

ψ
−−

−−θππ−
θπ

π
−

−

ψ
−−

−−θππ
θπ

π
−

γγ√αθπ

−

ψ
ψ

−

ψ
ψ

XX

XX

XX

X

X

XX

2cs2sc

21ss1cc
2

1

c

0sscc
2

21

s22

11/2

22

22

0

c2

s1
2

22
s

c22

11/2

22

22

0

s2

c1
2

21

22

s

0

s22

c

0

c





































a

a

aa

i
j

k

k

lEmnopmqr!stDu mqvwsPrLvwxPyzn{|y(}~mqvwv�xPy�!zqv`�q�*vwxPy�t1� mq��m



161

,
))((

d)(
d4=)(

¨

¨

¨

(3.2.55).)]d()(+)()([)cosh(2=

¨

(3.2.54).
)(

d)(
2=

¨

(3.2.53)

.)()}]({)(})/({)(+

)()(+)()()[tanh(
2

)(cosh=)(

(3.2.52)

.
))((

)d,(
d+

4

),(
=

)d,(d

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'( )*+,-). /0. /0123456+,-). /0. 7)8)3 9 *:$(;< :&!=>*:6?@!*:A=>&BAC$ # =>DE DF )GHI*:J)KB LM :&!H 9 &6?= #N #<OP# H #<QR# =>S>T :=>&!T .#= # '
SU KB=C@BVWS>T :=>&!T#'# ;X :G@B*)J0$%&+,-). /0. /)7)3;;<*)6 9 &B$(& #  

+,-). /0. 1)123Y #<Z KB[\G! :&B 

S>=> # J O S O *:62&B=>S>T 59 *:;X[ # 5#$%&+,-). /0. 127)36+,-). /0. 1%]^3N *:$%;X :&B=C*:6?@B&

+,-). /0. 7)8)3 "66?D O &B_ # =>SCT9 #XO 6?*:J:*S>=> # J O S O *:62&B=>S # H9 *:[(KB' # =
E DF )GHI*:_ #  6 # @B :* O` [\&!6?=>DFALM :&!H 9 &

.=>=>*)J0*#;<V # 9 [;<[(KB'(&BT$%[\TO(#XZ KB[%GB :&B )D
$%* E &B6?*)'(=>D #= # @B*: :* O D #6?DF6 # ;< )SHI*:_ # HHIDSZ &!@B*:=>' # =>* 5O(# L # =>S #a E QR#X#

U * O H # "
6+,-). /0. 1%]^3S+,-). /0. 7)/)3S Z9 *:[(KB' # =>&

E DF )GHI*:_ #  =>& 9 O TB_ # =>S>A
U KB=C@BVWS>Tb  :* O &BT

tayt

tttq
y

y

ya
Hw

rrYrrYrP

ta

tttq
P

P

xxxxYxxxxY

xxYxxxYxq

q

trxt

trtf
r

x

xxf

tr

rrtf

xt

t

−−−ρ
−ρ

χχ

χχθππ

−
π

χ−χ−χ

χχθπ
π

θπ

−−
π−

−−

XX

XX

1/22222

1

0

1/2

22

22

0

s2c1

0

1/222

1

0

22cs2sc

1ss1cc
2

2

2222

00

2

2

22

0

22

0















aa

a

a

aaaa

cd

c

e4f<g?fXh2fijklmno\f<p0p0f<qrsijp0rstup0f<qrsijmnijv0klklmjwsx2v0h2p0fXqy p:z<w{x2mjp0p!qXq|{} ~



(3.2.60)

).(=
)d(

))((

)d(
)(

0.=

(3.2.59).
)(

)d(
2

=

(3.2.58)

),(
2
=

)d(

))((

)d(
)(

,+)(=)()(

(3.2.57)

.
)(

)d(

d

d1
=)(,

)(

d)(

d

d1
=)(

¨

(3.2.56)

.>,)tanh(+
)(

d)(
2

1
=)(

162

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'(

) $%*+,!-#(!./0!.12/345&6 .12 ) 2/$%76 28 2/"9&'./0 6 -:$%;<2
=>?@1A BCA D1EFG, ) 0 6 ;<$%; =<H8 $ ) 6 2/I/2= *6JK ) 0!LM$';<2N K .1(3O2/LM$%.P $ 8 $ ) (Q .12

2 N ) 0!*+2/3O7./0RS = 36JK N ) 0!;<2N K .1(6 &%$'IC"903O2/LM$%.Q .128 2/*+LM$'78 2/SR0!*T0R;<2U ,!"9$'.

IC"9$

8 2/-9, Q $%;<0N K .1(3O2/LM$%.
, ) 0 6 ;<$%; =<V& = &'./$%3O0&'-#$'"9,!WXY40 H) 0!;Z(![\$'7=S!0RS3O$'.12/" K 7LM$./$] & 8 21-:(!*^, H

6J= "9$F5
68 ) $%"#&'.10 6 -:$%;<2N K .1(3O2/LM$%.) $%[\$'; = $_ ,!&%./(

>?@1A BCA BCEFG?A= "#$%;<. =<Q ; K>?@1A BCA DJ`JG6JK ) 0!LM$'; =ZHQ .12"#21S!0!*+0!./(!73O2/LM$%3a K

"#- H

r
rt

ttQ

tart

ttQ
ra

Qb

Q

ta

ttQ
b

r
rrt

ttQ

tart

ttQ
ra

brrQrQ

t

ttQ

t

tttQ

aP
y

yyyq
Hu

Ψ
−γγ

α−
−−

−

−γγ√π
α

χπ
−γγ√

α−
−−

−

χ−
γγ√

α

−ρργγ√
ρτ

ρ−ρρ
ρσ

ρθπ
−ρ

π
ρ

γγ√−ρ

22

2

0
21

2

1/22222

2

0

1/222

1/222

2

0
21

222

1

0
21

1/22222

2

0

1/222

112

21

1/222

2

0
21

1/222

1

1/222

2

0

21

ρ

ρ







aa

a

aa

a

a

b
c

d'efgheij<kl9m einok\jZnop\qrfstq:uveinonwp\qx<rinXxiy!nop\qzl{| eiy}e

~9���Z�{��:�R�C�!��� ��� ~� �F�w��� � �



163

¨

(3.2.66)

]}.)/()(+)()(+)()(

)()()[tanh(
2
+)(){(cosh=)(

(3.2.65)

]}.)/()(+)()(+)()(

)()([
2
+)()){tanh((cosh=)(

(3.2.64).)()(+)}({)()(cosh
4

=)(

¨

(3.2.63).)d()()(cosh
4

=

0.=

(3.2.62)

).(+)()(+)()()(cosh
4

=)(

(3.2.61).d
+)(

)(
2
=)(

⌡
⌠

⌡
⌠

 !"# $%&'()*+,-*./0*+1234%"#5 &'61'1'789*:+;<*.&'/1 ",-*.9': 4%=>?!@ABCD'E: D /06= *  !4 $F(G / "#= 1'789

D'5 *+* 5CH5 7IJKFL MNL OFPQR 6= 78( "!S *+1 DTU&'*.( = $%V%$D'WX $%$ 4%= * 4 : 4F= *+1'1T$%6

=YD ,Z* H=
IJKFL MNL OY[YRDIJKFL MNL \0]^RD :.&'$%/0_ W`?!U6Da *.(Z* W= 78( "!S *+1 "b 7 4 _5 $ S * 4c ? 1  ; D'U

4#H*, "IJKFL MNL \YMFR=IJKFL MNL \%KQRd $%,-: 4%" 1T$ =Y !"

H$%&'()*+,-*./ D'4 _1 "!5&'$ W^= $F/ U * 4KFLe] 6
f &'&'*.1', D' : "D'WD 1 4 *+VN( " /07D :.&'$%/0_ W`?!UIJKFL MNL \YMFR 6D 1 4 *+VN( D (Z$ =Q" 1 D *X $%$ 4%= * 4 : 4F=Q?!@AB *.*

? :./0$ =QD'UD'W= 7 b D ( " * 4 : U $ 4 $%( "#U&'$%: 4 $ U 1'1 "!U 6&'(Z$ D'Wg= $%/0_!1 "!U
*+: 4 _D(Z* 2 *+1 D *.6$%,Z1'$%(Z$F,-1'$%*&'(Z*.,-: 4F"!= / U * 4IJKFL MNL \YMFR=a /0*.1d $%:./0*+,-1 D 9

Wg" & D : " 1'$
b 7 4 _5 $ S * 4(Z* 2 *+1 D **+V%$aZ4 $4%"# IJKFL MNL hNKQR 6" 1 " /0$%V DTa 1'$IJKFL MNL \YiFRj ( "#= 1'*+1 D *

xxxxYxxxYxxY

xxxYxxQ

xxxxYxxxYxxY

xxxYxxQ

Q

xxxYxxxYxQ

xxYxb

b

b

b

xYbxxxYxxYxxQ

t
rt

br
r

r
r

)χ()χ(χ−

χθπ
π

χθπ−

)χ()χ(χ−

χ
π

χθπθπ−

χχ

ΨΨθπ
π

−

Ψθπ
π

−

ΨΨθπ
π

−

−

χ

γγ√
α−χπΨ

XXX

X

XXX

X

XX

XX

2ss2cc1sc

1cs1
2

1

2ss2cc1sc

1cs1
2

2

ss
2

cc
2

22

c

0

2

22

c2sscc
2

22

22

1

0
21

2













a

2

a

klk

k

k

mno+pYo.qQor`stuvw0o+xNxNo+yz{r`xNz{|gxNo+yz{r`uvr`}Nststu`~{�Q}NqQxNo.y� x%�+~��Qu`xNx#y.y��� �



),()cosh(=)(),(
)sinh(

)(cosh
=)(

)].()cosh()[1coth(=)(

),()cosh(=)(,
+

)cosh(=)(

,
+

)cosh(1)coth(=)(

.>0,=)(0,=)(

;<const.,==)(0,=)(

¨

(3.2.67)

.
2))((

)d(
d2

2
=)(

,
)(

)d(
2=)(

.)d(2=

164

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&"#'()*+,-.#/012345067)8.#"#9:7; .#<=>7"#"

$?@%5

$?@%5

 !"#$%&1#34"2.#"#'(/0+,-
A @ ;0B /0)B / A -C.#DE'F -EDC' GHIEJ KLJMNOP; A @%DC Q"#5R 34/=.#" B .#ST)JA "2@%SD A )* !DE9

$?)89 A -C Q"#)*'1#DC$1#DC@ ; 1#34D A -C3U/0. A -E !DC'(V"#WODC-C34DE1#.#ST'-C3U/0. A  Q)*3 A /0@%X0.2DA.#.#ST9)A >7)81#@
V34/0$4" ; A /YZ-C/='(11#@%D A <0"#9<03 ;=[ @%ST9\ / A8A '(DC-E34"#'

GHIEJ KLJ KE]EPHJAA D [ @%/ A ; +,- A 5GHIEJ KLJ ^!]EP_ ST34/=67)*.#"#5

DC1#3U)*$?)8@%50+,- A 5U&YZ-C/='(1#/ !.#)
` )*3U)*'()*ab)8.#"#5GHIEJ KLJ cEcQPHJAA DE !1#/0$4/0)*-34)8W ; @?X0-C/0-F -EDC-B -ED1#DC<=/0Wd/=-CX0V'(DC67)8'e S

yY
H

w
yqyY

H

w
yq

yY
H

w
yQ

yY
H

w
yQ

ya

ya

H

w
yF

ya

ya

H

w
iyf

a

awwu

P

a

P
tayt

ttQ
yy

y

yaH
u

y

yyQ
Hw

ttQP

θπ
π

−
θππ

θπ

θπ−θπ
π

θπ
π

−
−

θπ
π

−

−
θπ−θπ

π

ρρτρσ

ρρρ

α−
−−−ρ

−γγ√
ρ

ρ

−ρ
π−ρ

π−

s2

0

2s2

2
0

1

c2

0

2

c2

0

12

0

2

0

0

1/22222

2

0

2
1/2

22

22

0

21

1/222

1

0

1

0

θ

θ































i

i

aa

a

a

f*ghijgkl#mn4o gkpqmZl2pqrZsthuvs%wxgkpqpTrZsy#tkp,ykz0pqrZs{nU| gkz}g

~C��(�%���b�Q�



165

(3.2.71).
)tanh(

2
=

(3.2.70)

)].([lim
2
+

d)(

)(

d2
=

)(

)d(

(3.2.69).
)(

d)(
)tanh(

)cosh(
=

)(

d)(

(3.2.68),
)2cosh(

+
)(

)d(
)tanh(=

)(

)d(

.
)(

)d(

d

d
)cosh(

=
)(

)d(

d

d
)cosh(

=)(

,
)(

d)(

d

d1
)cosh(=

)(

d)(

d

d1

)sinh(

)(cosh
=)(

,=,=,=,=

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'() $%*+,-./*0%"#*1234105678  #41$%059:0%,;<= * 8>?/@ ,,- !AB2'CDEF * 7 ,-0%05$ ? 0 )  ?/7  

8 F * 7 ,-0%05$ ? 0 )  ?/7  G(0%H5IJ ! 
7 "#./0 = & F C1KC1"#$%* ? 0 8>=  ?/@H @ $5&,-0 ; C1$9:* 8  ? "#$ 8 ** ? * = 0 ;<7LM:?/@  239'C ;<7  7N $ 7

9:* 8  ? "#$ 8 *
7 "#./0 = & F C1K./9:0 8  !9' ? *H @ $5&,-0%AB #$./9: #23"!$5* 8>=  ?/7 6O%$ 7/PN 4 8Q7/8 * =  ? $ ? 0%"!$5&

7 ,- ?L? 0%R*? *1.L9:K1AB ?/7 6/R./0 8  !9 PS? 0%"!$ ?/@TP
2 = K./9: #23"!$5* 8>=  ?/7 K9:* F =U7/M'?/@TP2 8 *$%0 = &14107 ,- ! #,, @./0 M  !, @0%H5VWK1" ? K1 !$5R
O%$5077M $50F *+,- !$ 7 $5&,-0%AB #,X @

H

aw
P

wP

ttf
xt

tttf

x

x

x

xxf

t

tttY
a

t

tttY

t

ttY

t

ttY

t

ttY

H

w

t

ttY

H

w

t

tttY

H

w

t

tttY

H

w

fQFQFqfq

θπ

θ

ρ
π

−−ρπρ−

ρ−
θπ−

θπ
θπ

−ρ

θπ
π

ρ−
θπ

−ρ

ρ−ργγ√π

θπ
−

−ρραπ

θπ
−ρτ

ρ−ρρ
θπ

π
−

−ρρρθππ

θπ
ρσ

ℑℜℑℜ

0

0
22

0

1/222

0

1/222

1/222

c

1/222

s

0

1/222

s

1/222

c

0

1/222

s

21
2

0

1/222

c

0

2

0

1/222

c

2

0

1/222

s

0

2

2
0

2121

ρ

ρ

ρ

ρ

ρ

ρ

ρ

ρ

ρ

ρ

aa

a

a

a

a

→

Y

Z[\!]>\#^Q\_`abcdeU\!f<f<\!ghi_`f<hijkf<\!ghi_`cd_`l<ababc`minQl<^Qf<\#go f%p!mqnQc`f<f+g#grqs t

t



(3.2.77)

.sin2+1ln)(
)sinh(

)(

(3.2.76),sin
)sinh(

)(

),O(+1=)+(!)(

0.2<00.5,

(3.2.75)).4ln(3
2

1
=

1.<

(3.2.74)

).+(
1)!+!(1)+(2

1)/(1)(

)sinh(
=

)(

d)(
=)(

(3.2.73)

),+(
!)1)(+(2

1)/(1)(

)sinh(
=

)(

)d(
=)(

(3.2.72)

.
1

)cosh()(

d)(
)cosh(

2
=)(

,
)(

)d(
)cosh(

2
=)(

166

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()* #+,-./0&.$%1.$23456789 /:;8 #; 9%<= 5 $>&?@9%A  #$BCD>E FGE H>I>J2BCD>E FGE HGDKJ3"#- ?@?@2 ) 9%3 1.; 2  

7 ) 2 = / 28A  #; 2  L " 789 /:&.+M-.N? 1.$% #) 2 1O/ 9%3 E2 + 9 $%) 9>7 ; 56P Q
/:NR $ 99 +,;81 R 1O !$ <S%$ 9T -.1."#" 9 ;81U.9 S%VWV 28XY2  !;8$U 1 UZ 1 U

? 1.$% #) 2 1O/:12 + 9 $%) 9>7 ; 9%[%9 Q
/:N\ 1 7 ) 2W?  #) <789 "#$ 9 NO;8;81.NV 2 + 28R  #" U 1.N? 1.$% #) 2 1O/ 9%34<)* #1./:&.; 56P] /:N

^_`4a DKJb 56AY28UO<2Bcd )*1
Q0e

$> !f8;3456R'2 "!/: #; 5= 5 $>&?@9%[ -.$BCD>E FGE H>F>J3L ;8$% [ )*1./ 5

U 1 U (
Q
1.; 5

e
$%1 ?@7 13 ;8 789%3  !) P ; 9 "!$ 2T  !)' ?  !gh #; 2 N

a
a

a
aI

a
I

mk

m
kkk

aa

x

xxxY
I

m
kk

a

x

xxY
I

a

x

xxxY
wu

x

xxY
ww

)
ρ

(
ρ

−−ρ
θπ

θπ≈ρ

)
ρ

(
θπ

θπ≈ρ

θθ

θ≤≤ν

ν−
π

θ

θ

θ−ρ−
θπ

θπ
−ρ

ρ

θ−ρ−
θπ

θπ
−ρ

ρ

ρθπ
θπ−

−ρ
θπγγ√

π
ρ

−ρ
θπ

π
ρ

-1

2

2
1/222

2

s

-1
c

222-2

22
-k-1/222k2

1/222

s

0

s

22

2

-k-1/222k

1/222

c

0

c

1/222

s

0

210

1/222

c

0

0



















a

a

a

a

m=1

k

m=1

k

=0

m=1

k

=0

i!jklmjno8pq*r jnstpuoWstvuwxkyzw:{|jnsts6vuw}8xns~}n�.stvuw�q'� jn��j

k

k

∞

∞

Π

ΠΣ

ΠΣ



167

.)]()([2
2

)cosh()]()cosh([1
)coth(

=)(

,)]()([2
2

+)(
)cosh(

=)(

,)](+)([2
2

+)(
)cosh(

=)(

,])()+(2)[cosh(
2

+)()cosh(
)coth(

=)(

,
+

)+(2
2

+
)cosh(

=)(

,+)+(2
2+

)cosh(
2)coth(

=)(

.=)(,=)(

=

¨

3.>)/(0.9<

0.3.

1.1,>)/(

0.2;1.01,>)/(

 !"#$% !$&'%()*+,-./0123 *+4$%"5678 / 89:;8!<5='%=>?&@*+$%A 3 ?B ()"56C4DEF8!<5,54

G ( GHI(D"5,5 !(D<5='%=>?&@
*+$%A 3 ?<5()"#6C4)EF89<5,54J 3 < GDK ,5,L ?%(D*+"5(7M$% 9( /0G (<589,5H 1 89 !?&<5()4"5$ G (8! 9?%@N / 89 !@

1 , / .,5*+8!OP?
3  9:;$ 1 ,54AQ67()<5,5RC<5=>8G 6 3 AQ(1 < 3 ?%6C,,5*+8!<#<5$%S(S"56C$&"5$%6 K ,#$%<5():;@D<5$% 9?%,

G $&T%U#U#, K ,#8!<5?%$&* 6C( / , 3  3 S"56C$&"5$%6 K ,#$%<5():;@D<5$"5896C8!*+8!VW89<5,586C( / ,5():;@D<5$%8RC?&$
?%( G6C() L ,56C4D8!?% 94)S !(D*L ?%(D*+"<5$"5$%: 3 "56C$& !?%67()<5 !? 1 $%*+S <5<5$&* 38 K 89"5:L ?%(D*+" 3 S
G"56C,#:;$%EF8!<#$<58 !,#:<5, G ( G ,5XA / 8 !: 3 RC()Y5SZ () 9 !*+$%?&6C,5*

,/ :;4 !$&$%? 1 8!?% 9? 1 89<5<5$%S[&\,] \RC89**+8!<5@ L 8!S
$ L ,5' G ($%?&<5$% !,#?%8!:;@D<5()4<5()"#6C,5*+8!6CS3)1 8!:;,5R7, 1 ()89?% !4DSG $&A / (3 *+89<5@ L ()89?% !4DS
'%=> 9?%6C$^_` M [ M a&a&b,^_` M [ M a%cdbU#$%67* 3 :$%'&8!,5X$ L ,5' G (e ?%<5$& !,5?&8!:;@)<#()4

,/ :;4"5$%: 3 RC89<5('%=>?&@*+$%EF89??%$&RC<5$% 9?%@EF8f (] \ MRC89**+8!<5@ L 8!S
^_` M [ M a&a&b$ L ,5' G ($%?&<5$% !,#?%8!:;@D<5()4,G $&A / (c \ SRC89**+8!<5@ L 8!S
^_` M [ M a%cdbU#$%67* 3 :;=$ L ,5' G ($%?&<5$% !,#?%8!:;@D<5()4RC?&$"5$ G ()HI= 1 ()OP?%S1 =>R7,5 !:;89<5,54g 6C4)*+=>8

yyYyYa
k

yYw
H

yQ

yyYyYa
k

yYw
H

yQ

yyYyYa
k

yYw
H

yq

yyyYyYa
k

yYw
H

yq

ya

ya
iya

k
w

H
yF

wiya
k

ya

ya
i

ky
iw

H
yf

w

kuww

ak

a

a

a

−θ
γγ√

θπ−θπ−
π

θπ

−θ
γγ√π

θπ−

θ
γγ√π

θπ−

−)θ(θπ
γγ√

θπ
π

θπ

−
θ

γγ√π
θπ−

θ
γγ√−

θπ−
γγ√

−
π

θπ

ρρρ

ρ

ρθ
ρ

≤θ
ρ

≤θρ

sc

21

c022

sc

21

c021

cs

21

s022

cs

21

s021

21

02

0

2121

02

0

θ

θ

































































i

i

h

ijk!ldk9mnkopqrstu;k!vQvQk!wxyopvQxyzIvQk!wxyopstop{Qqrqrsp|y}n{QmnvQk9w~ v%�!|�}nspvQvDw9w��� �

�7��+�;�r�W�n�



0.=(0),1]))cosh([(1+4+)cosh(
)coth(

=(0)

0=

.
1

)tanh(+
)(

d)(
2=)(

,
)(

)d(
2=)(

.
4
=

./2=

(3.2.78).
2
+)coth(

2
=

¨

.
)(

)d(

d

d1
=

)(

)d(

d

d1
=)(

,
)(

d)(

d

d1
=

)(

d)(

d

d1
=)(

168

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&#'()#*+,-./012341 $5678#9:$5;<*=6.>7?:& 1=$58#@%9:)#A 1 $5B5)= ;<?CB5D / B567E3 >.A 1F3GH;

I 6.8 3 @58= $ 1J 1 9 123412KL1 $5B5)

1 DF6.E>.DF8#M0&N"NO$%" /01 = "NP>.Q 1 D2@ 1 ?:B567E$ 1 >.Q.*%>7M0B 3 8#)R B / 8NO

9:8 = $5>
@ 1 9 123412KL1 $5B 1$5>.9 3 8 / E#$5> 112S >I 6.8 3 @%"#O&@59:B / >.A 1 $%>$ 1D2B /$5B5&N8#&#B5*TU> S M08

= ;<9C8#A 1 $5B 123 ,$1>.@59 1 M 1F/= 1 &#6.>79V / 8 = $5;<W

k
w
aH

P
x

xxxq
Hu

x

xxQ
Hw

H

ka
P

kaw

ka
w

H

a
P

P

x

xxq

x

xxQ

x

xxxQ

x

xxxq

τ−θπθ
γγ√

θπθ
π

θπσ

ρ

ρ
θπ

−ρ
πγγ√−ρ

−ρ
π−ρ

α
θ

γγ√θ−

γγ√
θθπθ

ρ−ργγ√−ρργγ√
ρτ

ρ−ρρ−ρρρ
ρσ

2

21

0

1/222

2

0

21

1/222

1

0

22

210

21

0

1/222

2

21
1/222

2

0
21

1/222

1

1/222

1

0

ρ

ρ

ρ

ρ





















a

a

a

a

X2Y+Z[YU\5]^:_ YU`a]b\%`acbde+fgdhijYU`a`<cbdk5eU`lkUm#`acbdn^Co YUmpY



169

(3.2.80)

.=,=,=,=

¨¨

¨

(3.2.79)

.
(0)

d
(0))(

=
)(

d)(

d

d1
lim=(0)

,(0)/´=(0)(0),´
2
=(0)

0,=

(ii)

(i):=0=

¨

¨¨

⌡
⌠

⌡
⌠

 !"#$%&'()*+,-$." *'/0&'1!2#3456&+789:;<=>? @8? A>B>C:)D()"#EF10&'()GH GI,>JK 9-7>2#,$ D " :)K 9-9>,-()9>LM&'( :)NO  P2#7 : &

:)K &'(F()9-Q " !&+LM&'( :)N Q&'1 : ()*',>$.&'()(F9-*', :H /0"#789-1!"# N9-RP&'$ : 1!()GIQ( :)S:)DT &'U#9>,-9- PGI& !&+LM&'( :)N ? $ : 1!" KV: !" D / : RP()G KV:K &'WX1P2$ D " :)K 9-9>,-()9>LM&'( :)N2#*+,-"#()9>$ : ,-JY (),-&+ !&'*+()9
Z &+ !& K &'56&+( : E ?$.GIR : *'/[&+( :)N10/ N Z  !&+1 Z 9-RP, : ,-&+/[J#()GH 9>/[&'&1099-,Z  !&+10&'/0" KV:*Z  !&+10*',>"#$./[&+( :)NU#"\U$. P& KVN Q ,-9$()" Z  N WX&+( : E)Q$.GIR : *'/[&+( :)N10/ N2#109 H ()GH 9>/[&'&109B9-,Z  !&+10&'/0" KV: *Z  !&+10*',>"#$./[&+( :)N: (),>&'78 P"#/[J#()GI&D 1!&'*'J]^Z  :FK &+( N &+,-* NZ  !&+1 Z 9-RP,-&'( :FN/[9>7 : U#" WX&_ ",-()9>E ?&()&+RH GI/[9C;R!,>9 H G: / :` 2#(FU#a : &'E,-()9>E&RH GI/[9C;R!,>9 H G ,- P& H 2\34,-Q()&9-( :U#"\U,-"\U9 H 5 : &'QH 9>/[&'&$ : 1!" !,>9-789&R!&+,-$:,- P&',-J#&+789b &'LM&+( :)N

()" Z  :)K &' !Q: * Z 9-/[J D 9-$%"#,-J#Q,- ]2#10()9109>$.9-/[J\()9;<=>? @8? @-c.C !& D 2#/0J#,-"#,U#"\U$. P& KVN Q,-9$

:)K &'(F()9-Q"()" Z  N WX&+( : E)Q` 2#(FU#a : 3R!&+ !& D()& Z 9-*' P&'10*+,-$.&+()()9$()" Z  N WX&+( :)N 9 Z  P&'10&+/ : ,-J/[&+78U#9()" KZ 9 D $.9>/ N 34,;<=>? @8?defB>C` 9- K 2#/[G9 Z  P&'10&+/[&'()"\g ()&9 H GIR!()9C;U#"\U,-"\U,- ]2#10()9-Q109>$.9-/[J\()9;<=>? @8? @-c.C$1 : `h` &' !&+()a :  !9>$."#( : & ,-9>R!()9-gK &'()&+&U#9>,-9- !9>&1 : `h` &' !&+()a :  !9>$."#( :)N QR : *+/[&'()(F9-789:)D H &'7-" N9 H  !" D 9 K ,-"\U :)K;<=>? @8?defB>C Q$$.G Z 9>/[()&+()9H GI,>JK 9-WX&+,$.GI P"#WX&'( :FNZ 9-1 : (),-&+78 !"#/0J#()9-7-9 1 : `h` &' !&+()a :  !9>$."#( : &: / :UH / :)D U#9>E9 H /["#*', : Q $9-*+9 H &+()()9;<=>? @8? @-c.C QR!& K: (),>&'78 :  !9-$%"#( :)N QR : *+/[&'()(F9-78910/ N2#109 H ()GH 9>/[&'&;<=>? @8?defB>C i 9- K 2#/[G()" Z  N WX&+( : E ? !"#* Z  !&+10&'/[&+( :)N: (),>&' !&+*+2#34,()"#*U#9>7810"Z  !& :)K 2#56&'*+,-$."\Q ()()GI&&9 Z  P&'10&+/:)K &'&+,$ : 1!"Z &+ !$.9-7-9 !&+LM&'( : &U#"\U$. P& KVN Q,-9$LM,-" KVZ "#Q$.()& Z &+ !& K &'56&+( :)N,-9>/[J#U#9: (),>&' !&+*+2#34,()"#*U#9>7810"Z  !&+1 Z 9-RP, : ,-&+/[J#()&+E)Q$ : 1!"$.,>9- !9-7-9
b &'LM&+( : &,-()" N ?&()&+RjC;:` 2#(FU#a : 3,-(F2\3&R*'9 H 9-EZ  !&+10*',>"#$./ N &',C; U#9>7810",-9>/[J#U#9>Q: * Z 9-/[J D 9-$%"#( :)N10/ N2#109 H ()G9-( :()910 P2\7 : &+QR!& KU#9 KkZ "#U#,-(FGIQ

H 9>/[&'&$ : 1!"$.,>9- !9-7-9:Z &+ !$.9-7-9b &'LM&+( :)N?1099-,:109B9-,Z  !&+10&'/0" KV: *: (),>&'78 P"#/[9-$lmH &+/[&'$%G SU#9 K H : ()"#a :F:$.*+&Z  !&+10*',>"#$./ N 34,$.GILM&+Q !"#*+* K 9-,> !&'(F()G S  !&+LM&'( :)N Q$ : 1!"R!&+,-GI !&R!,>9D " K &', : ,>J#QK 9-7-/ :n G

qFQFQfqf

a

uw

a

F
x

x

FxF

x

xxxF

ff

aF

a

uw

a

ρ
ρ

ρρ

−
−

ρ−ρρ
σ

γγ√τπσ

ρ

ρρ

ρρ

ρρ

22112211

1

2

11

0

1/222

1

0

2121

ρ 





 aa

→

opq'r.q+s%qtuvwxyz[q'{8{8q'|}~tu{8}~��{8q'|}~tuxytu�8vwvwxu�~�%�8s%{8q+|� {-�'���%xu{8{\|+|��� �

���w�.�0�0�.�.�w�[�

ρ



(3.2.85).
)d(

2
=)(

const/

)const/(

)const/(

(3.2.84)

.
)()(

)d()(
2

=)(

,
)()(

)d()(
2

=)(

(3.2.83)

.d
)(

)(
2
=)(,d

)(

)(
2

=)(

(3.2.82)

,d
)()(

)()(
2

=)(

,d
)()(

)()(
2

=)(

¨

(3.2.81)

.
)()(

)d()(

)(

d2
=

)(

)d(

170

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()*+,-$./!01+2345678*+,9$ 4:;<5= >?= @5<ABC!DE 2 "F0G,9$./!CHI !$%"#EJ*+7KL0G( 6M4 $."F/!0 4 CHEJ0"#$%NO$./!C!$%P
/!0EJ('C!QG$ 4/!$/!C!RM0GRS#()$%/!0R&'* 1 0GEJRM0RG0MRT 0GR=&'()QU  H"#0GEJ$%&'()C!E

0G"#V5LG78$./ 4,9$T * 4W RMEJC!EJ0M()$./ 4 / 2 =:;<5= >?= @AX5BC:;<5= >?= @A>5BE 2 "F0G,9$./!CHQU ('$.&'*+EA0 4 $%( 6 /!*5P
C/!0G H"#QG,9$%/!C!Q/!0EJ('C!QG$ 4/!$U *5* 4 EA$ 4 U 4 EJ$%/!/!*CRS#()$%/!*+EW 4 C!Y&'* 1 0GEJRM0

S 4 *:;<5= >?= X5Z5B PC:;<5= >?= [A\5BC!DD]0M78$ 4 C 45678*+,9$%7^_2U *5* 4 EA$ 4 U 4 EJ$%/!/!* =
CS#()$%/!*+7:;<5= >?= @A>5B* 4* 4 ()C!S#0GI 4 U Q:;<5= >?= @AX5B`a2 "#0M,9$./!C!Q

E 2 "F0G,9$./!CHIbc* 4 ()C!S#/!*57KL/!$ U RG*+( 6 RG*R !"#CHEJ*+&'C 4:;<5= >?= dJ\5BC:;<5= >?= [JdJBe "#0GEA/!$./!CH$

4 c$&'0:;<5= >?= @'fgBC:;<5= >?= \5Z5BU:;<5= >?= X5Z5BC:;<5= >?= [A\5Be "#0GEA/!$./!CH$

ty

yyQ
ttq

tqq

qQ

tat

ta

tyya

yyQta
ttq

tyya

yyyqta
tQ

y
ty

yqy
tQy

ty

yQy

t
tq

y
tyta

yQya
ttq

y
tyta

yyqya
tQ

xyxa

yyfya

x

xx

x

xxf

−π

−⋅
−

−−

−

π
−

−−

−

π
−

−π−π

−−

−

π
−

−−

−

π
−

−−
−

ρ−π
−

−ρ

22

1

0

1

1/222

1/222

221/222

2
1/222

0

2

221/222

1
1/222

0

1

22

2

0

222

1
2

0

1

221/222

2
1/222

0

2

221/222

1
1/222

0

1

221/222

1/222

0

1/2221/222

0 ρ

ρ

a

a

a

aa

a

a

aa

hh

ih

j.klmnkao!pq#r kasbpOoHsbtOuvlwxu)yzkasbs3tOu{!vas|{a}GsbtOu~qF� ka}�k



171

).(=)(
d)(

2
=)(

),(=)(
)d(

2
=)(

),(=)(,
)d(1

=)(

1/2.=

0.=

(3.2.88).
)()(

)d()(1
=)(

(3.2.87).
)d(1

=)(

(3.2.86).
)()(

)d()(1
=)(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'(#)*+, !-!./01 "#2,$!&'+34'+356+, !-!(

78-!4'+907: $!&;+34<+,56+3 !=>?@ 4 @#A !"#$%&'(#)*+, !-!.B*@  !CDE*-!-
FG@ "#2,2 :  !"C : +3H%H%-!EI-!+3 A?@2 :?: A 79+ A 2 A 7 @ + A@ 2,5 : 79-!+J A :A +,56"-!K : A & : $! :LML:

235 @#N "#+OC :?M 4<"7 : KPQ : )* %=RQS-%T2 A "# : 79( A 2,(@ $!& :LU +3 !-%(V  !" N - A +,56W# !=R+

XYZ?[ \][ ^8_8` 0J CD78-!78"D56+3 A  :
C : A : & : +78=R&;"#)*+3 !-%+3T235<+34 @#a U -!+XYZ?[ \][ ^9\?`-!K78=R79+32 A -A "DC#)*+Q : )*+,Qb =

78-!460$!&'-% !-!Qc"#+ A78Kd"#-!Q :L: A  :?e +3 !-!+f > &'" A  : +

 !"#$%&'(#)*+, !-!.H @  %C#E*-!(#Qc-C : QS$%56+3C#2, !=RQc-
Qc+3)*4 @78Kd"#-!Q :L: A  :?e +3 !-!+$ : 2 A & : - A W !"#Q$ : Kd7 : 56(#+ AXYZ?[ \][ \L_8`2XYZ?[ \][ Z8g8`h &'"#79 !+3 !-%+

yyQ
yr

rrr
yQ

yyq
yr

rr
yyq

yyF
yr

rr
yf

tyta

yyfya
tF

ty

yyF
tf

tyya

yyfta
tF

χ−
−

χ

π
−

χ−
−

χ

π
−

χ−
−

χ
π

−

ν
θ

−−
−

π
−

−π

−−
−

π
−

1122

2

0

2

2222

1

0

1

1/222

1/222

1/222

1/222

a

a

-a

a

-a

a

-a

a

-a

a

ijk3l8k,m9knopIqrs6k3t]t]k3uvwnot]vwxPt]k3uvwnoqrnoy]pIpIqozw{9y]m9t]k,u| tL}3z~{9qot]tDu,u�~� �



¨

)(=

).tanh()(

¨

¨

.>,
)()(

d)(
)(

2
=)(

;>,
)()(

d)()(2
=)(

=

(3.2.89)

.
)(

)d(
2=)(,

)(

d)(
1

2=)(

.
)(

)d(

d

d1
=)(,

)(

d)(

d

d1
=)(

172

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()*+,-./ 01/ -23$+,-./ 01/ 0.345"67589:!():!$!;5<$!:!*.(=>1"675?@A5:!BC<8D#75E)*FAG "#758275;
HI*F7J&K !LF& / !LFM:!75 %"#;5NO():!$!P"#75E) !"#()MQ(=?@():!$!($HI*F7J&K !7LFE)75MQRJ4

:!789?Q$!;5:!$!((=>FLS E=E)?@(=M#4JP!*F(/"#75M#$%45E)7HI*F7J&K !7:!:!L.>1L(E=TO() !? !?@L.E=R5L.>1L
89:!(R5L.?@A5TU4R !"#$%?@LFNO(=:%LMQ7582?@(=:%$!(V E=()E=$!&K&K(=*."#$!D#:%LF(01/

W :!()"#>1$%$ /
"#75E)E=&KLF*."#(=:%$!;$!XMQL.R575XY75:!LZ BC*.A&KLFNO()*E=82LFP!E)*F89LL Z.[ (=(Z L.?@(=(\

D#*.L] LFR57JNO$!*F()^\
HI*F7J&K !7 /:!:!L.>1L(E=TO() !?LFE)75MQR5("#7582:!7

$!?@$Z L.?@A5HI(HI*F7J&K !7R5"64J>1?@L.>1L !?@L.E=R5L.>1L>1?@7JMQR5L.>1LLFE)75MQR57D#*.L] LFR57JNO$!*F()^_ /

 !()"#(=&K( [ ():!$!;5&K$ /*F7J:!>1(=:%TO$!75?@A5:%BC&K$$:!LF"6&K75?@A5:!BC&K$&K(=NOM6475:!7J?@LF>1$%`
&K75*F()&K75*F$%D#(=E)RJ45`:!:%4J`(LF !"6(=MQ()?MQ()&KLF:!E=*."#$!"64J`a*89BC"675NO(=:!$%;G LFE)?@(=MQ:%$!(

MQ?@;

MQ?@;

R5"64J>1789:!($89:%4J*F"#$ !()"#(=&K( [ ():!$!;5&K$&K(=NOM6489XY75$!&KLFL.*F:!L.HI(=:!$!`
 !"#;J&KLF&b4R !"#$%89LFMQ$%*+,-./ 01/ c9d938+,-./ 01/ d93$+,-./ 01/ e.3G LFMQE)*F75:%LF89R57:!75 %"#;5NO():!$!; /

E=M#89$!>17J` [ $!(:!7*FL.?@A5R5L89?Q$!;5`a* !()"#(=&K( [ ():!$!;*F7J:!>1(=:%TO$!75?@A5:%BC($MQ7582?@(=:%$!(=&K^
:!LF"6&K75?@A5:!BC&E*FL.?@A5R5LE=82;5Xf7J:!L !()"#(=&K( [ ():!$!(:!LF"6&K75?@A5:!L.($!&K(=:%:!LF^7

*F7J:!>1(=:%TO$!75?@A5:%BC&K$!^EE=82;5Xf7J:!B:!( !75"675&K(=*."#B:!LF"6&K75?@A5:!BC(XfM#(=E=AD#*.Lg 7J&'()*F$!&K^

L Z "#75XYLF&h\E=?Q(=M#45` [ $!&45 !"6L [ 75`a*FE);HI*F7J&K !789:!(G (="6(=&K( [ ():!$!;

ijkFlmknopq#krs

tuv9w knxyzJx{k
|a}1~ k2x

w

a

cb

a
xxa

xxxw
aw

a
xxa

xxxua
u

a

x

xx
Hw

x

xxx
Hu

x

xx

x

xxx

≤ρ≤ρσσ

θπ≥θπ

ρ
−ρ−

−ρ
π

ρ

ρ
−ρ−ρ

−ρ
π

ρ

ρ

−ρ

χ
πρ

−ρ

χ

ρ
γγ√πρ

ρ−

χ

ργγ√
−ρτ

ρ−

χ

ρρ
−ρσ

221/222

0

1/222

221/222

2

0

1/222

1/222

1

0

1/222

2

0

21

1/222

2

21
1/222

1

ρρ

a

a

aa

aa

�

�=���p���!��#� �����I�%���I������@�������C�I��!���a���5���I���6� ���u�

�u� ��I�U�@�u���U n�U¡U 



173

sinsin
)2sinh(

d)()(

const,

==

.d)()()4cosh(=

.d)()()sinh(
2
=

,d)()(2
)sinh(

)2cosh(=

¨

0.=,
)(

d)(
2

=)(

0.=,
)(

d)(

)(

d
4=)(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()*+,-!. (!/0123 (!456,789:/06,1; -!<  !=>75?!@5ABC+ /*9D/ <5E (!6 <5F @22 F 6G(!H>/ <5F
I FJE#K)*+,-!. (!?L@9 < "C$C75@2M"9D"C$ -!E6,/0N -!+'K!E ( E#FOPQ A R%A SCTMUV1456,7 I + 75H>/ < 75/W ) 45" +XK N - ?

456,7 + "CH>/ < (I FJE#K&'" + H < () 7 + (E "#$%&'(< /045"C&'2Y75H>/ < 1Z E (L9D4[ )*+ 7

I - &'/ E" ) (!&' !(/*$C"Z E (L9D451< (
&'/0\ )*E 2 -!]^E< /< (!$C6 - N_ !7456,?L9 F /< 75 L(! !75/` "C$C&'(OPQ A R%A S Q UPA2"C456G/*&'/ + / < "$%&,/

 !(L 
"C456G/*&'/ + / <I FJE#K9D"CH>/ E) 7 +2M/0 E "#6a + (L2 <5F \45/06,/*9D/*bc/ < 75?GA7< (!486,?!H>/ < 75?

E/&'(6,/0Zd/ < 75?E 75475N I 6,( <8<5F \22 F 6G(!H>/ < 78\45" )0+ /*& < 75@e "C& )0E ( < "C2M !(

45" +,-!. (!/099 FOPQ A R%A fMU7OPQ A R%A S#U75Ng /*48/*6 K 1

2M75&

b

a
b

c

a
cI

IP

I
a

H
w

I

I
H

aw
P

rH

w
r

xx

x
Hw

)(−)(
θπ

σθπ
≈ρρρσρ

σσ

ρρρσρθπ−

ρρρσρθπ
θ

ρρρσρ−
θπ

θ
θπ

χ
−ρ

ρρρσ

π
−

π
χ

ω
−ρ

ρρρσ

−ρ
−ρω

-12-12
0

c

0

c

c0

c

c

0

21/22

0

2

000

2

0

1

21/22

0

2

000

1/222

0

01

ρ











b

c

b

c

b

c

b

c

b

c

b

c

hVi*jMi0kYilmnopqrXi*s%s%i*tuvlms%uvwxs%i*tuvlmpqlmy%nonopmzv{Yy%kYs%i0t| sC}*z~{Ypms%sLt0t�~� �



.)d()(
)sinh(

+)d(2=

.)d()(2)d(2+
)sinh(

)2cosh(=

¨¨

¨¨

.
)(

)d(2
=)(,)d(

2
+=)(

¨

.
)(

)d(

)(

d1
4=)(

,)d(2+=)(

¨,

),(=

.])()[(+

174

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'() $%*+,-./*01./ #23 !,- !45 #6/7/869:0;< !=>?@ A%BC !"!.9 !D37/=E*0FG45 !H"!79;I?@1A%"# !=>ACHJ  !;<7/D37/6/*

23*0=E6/*BC:+K< !$A%"#*0K<L0*
 !M%A6/*0M%2':0NOL07/1A%$"!=EA%B%ACK< !6) $%*+,-.P A%M%K<*QRSCT UVT WCXCYRT=A%./2' !K< #;I !6/AZ K< #"!&

QRSCT UVT [C[EY ("!ACMV;I*0"#6/A
$%8 K<*"!79;=> #L0$%AC2\ ;I*+=>6/?@H=>? )  T23*0"#"!,-A%$C23 !696/?@]23 )  !6/7/8+1=>7/K3A%=] D3 #$%?@27/N

;IFGBCA%H7/"#./A%;I&0NOA%=E*0$%&,-A%^_ #,,-?$%6/*+801 6/ #D7` :069L0a_7/801$%6/*+8 DL0*+Lb *0L

$+( K<*QRSCT UVT c>Y7QRSCT UVT WCY=d A%K<"#$%*069A%=>L0*

QRSCT UVT SEY7QRSCT UVT UCY7/N7/,- ! #,e ?(
T23*0K379:0"#*

) $%*+,-./*6/6/ACMVA "!a_ #./;=>6/ L0AC;I&0a_*./A%=E !23]f6/A%"!$C7L./2379;IA%^_ !696/A%H
6/*0M%2':0NOL07$%*+6/MV !69a_7/*0;I&069A%H23*0K37/*0;I&+6/A%H=>;<7/806/7/ g "!"#;I !K3:+H/$% SCT

hij%kljmnop3j

I
a

Hw

I

IHw
H

a
P

rx

xx
rr

H

w
r

xx

xx
H

Hw

a

cb

abaca

ρρτργγ√
θ

θπρρταπ−

ρρτργγ√−ρρταπ
θπ

θθπ

χχ

−
τγγ√

π
−χρρτα

ππ
χ

−ρ

ρρτ

−ρρ
γγ−ρω

ρρταπρω

≤ρ≤
ρττ

−−−

s210

s

s210

1/2222122

0

1

1/22

0

2

00

1/222

2

0

212

01

1/2221/222

ρ

























b

c

b

c

b

c

b

c

b

c

b

c

b

c

b

c

qr

s!tuvotwx/yz3{ tw|}y~x9|}�~��u���I��tw|}|@�~��/�w|G�w�0|}�~��z'� tw��t



175

.
1)(

1)(cosh
+

1

sinh

2
=

.
1)(

1)(cosh
+

1

sinh
coth=

.tan2=,
+

)cosh(+)sinh(

1

cosh
=)(

,
+

)cosh(+)sinh(

1)sinh(

cosh
=)(

.
)(

)d(
1

+
)(

)d(

d

d
=)(

,
)(

d)(
+

)(

d)(

d

d1
=)(

¨

.)d()()d(
)sinh(

)4cosh(=

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()*+,-%.'/,012,3%456780156+,)9)*+,:
3 " +,;<2,+=> -%3? $ +=@AB9/,>2)  B*3 " .  ; "#$ 5  )*)*3B*.CD9EF3%G  )93)  " D9E)*D*2=+,2,D*HI 3%-%;<+

 !"#$%&'()*+,B9.C:,G  )*D*45  2 $ 3J.K EF+=56)*784

L ;  #"!&

56D*;  M(53%B*.  ;  E  )*7N +,B*.C:=G  )*D*:
OPQMRSO +=TUVWXY +,Z%.CD92,+,) $ >" 3J-[EF+ " )*3;<+,)93.  ?  )*D  D*EFE<\ "!$ .C+=]^D*D*>2,+=_  !"#$ 5  5(

3 " +,;<2=/`V -%3D? $ +=@AB*3%@
B*3%;)*+,B9.C:,G  )*D*4.C+ " B*.  ;  E  )*D  N +,4*;<D $% B*3%EC/,B*.C3 "!$ .'+,) "!$ 563%@aV/,B*.`/,-[3J-[D*@

D*013 $ .C3JB*)*78@$ .'+,) " 5  . " +,E & )93")*)*78@ " ]  B*E>.C+,;CD9/ " +? $ +=@AB*3%@2,.'/=-[EF78@
B*3%;TWXb > b >$ 3J_C2  5B*.CD9EF3%G  )9+)*+,-%.'/,012,+" 3 " .  ;<3 $ 3%_  )9)*+,:N 3%.C@A+=E & )*+,:c V

defgh#ijf

mm

m

a

HP
w

P

mm

m
PN

z

a

tz

ttYtYz

m
tf

tz

tYzttY

m

m
tf

t

ttf

t

ttf

t

tttf

t

tttf

a

zP

I
a

P

−γγ√

−ξγ

−

ξ

θ

−γγ√

−ξγ

−

ξ
θπ−

)(θξ
ξξ

−

γ

γγ√π
θπ

ξξ

θπ−π
θπ

−ραρ−γγ
α−

ρ
ρτ

ρ−−ρρρ
ρσ

ρρτργγ√−ρρτ
θπ

αθπθπ

k21

kk

k

kk

k21

kk

k

kk

k

-1
k2

k

2

kskc

k

k

21
22

2

k

2

kskkc

k

k

2

2

1

1/222

2

0

1/222

1

21

1/222

2

1/222

1

0

s21

ρ

ρ

ρ

ρ

















































k

a

a

b

c

b

c

=1

2

=1

2

=1

2

=1

2

kXl!m6l#nMlopqrstuFl!v[v[l!wxyopv[xyzPv[l!wxyopstop{[qrqrsp|y}M{[nMv[l#w~ v%�!|�}Mspv[v=w#w��� �

k

k

k

k

Σ

Σ

Σ

Σ



(3.3.5)

.d)(2+
)(

)d(

)(

d
4)(=)(

(3.3.4)

,
)(

d)(

)(

d
4)(=)(

(3.3.3)

).(=d)(
)(

d)(

)(

d
2

2

(3.3.2)

),(=
)(

d)(

)(

d
2+)d(2

(3.3.1).<20,0),(=

;<20,0),(=

;<20,),(=

;<20,),(=

¨

.=0,

176

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()*'+,-'(.$/0123 ,-!  40$5$67 %&82. 0$9 .$/:;0$<0$<= ' 3+> .$/0? 1 .$@AB 0$0

 C0 )-D#$% 0EF ' >1 %&8  .$'+. 0$50 . > ' 7 %&82,-G2.$/:;! 3 .$!  .E/:;H 0$3(> ' F 8

)*,-I

)*,-I

)*,-I

)*,-I

 C0 )-D0$F '(J >3(0EFKF ' > % 0$0! 3 '  ! 53 , 129 82' 123 ,-!  40 IL %M8A. 0$9 .$/:'
! > )*'(,-GA.$!AN%M'+OP'(.$!Q / > GF !"RS' >1 %&8  .$'+. 0 '@28ARS)*!"'

9M> !> 8A@.$' < 8  40$3(0$F / FT0$61 %&8  .$'+. 0 I0 . > ' 7 %&82,-G2.$/:')*'+,-82J >!". 09M> !! Q %M8 < ! FT6
> 8A@ 0$F C '()*'+.$.$/:'.$82#E%MI2RS'+. 0$5$6U 1 .E@2B 0$0)  '0$3 #$!",-G <V1 ' >@2! > !"%M/ 5%M'+OP'(. 0 I 6

 C0 )!") 0 .''(W#$%M!X)*' F !". 3(> % 0 %M!  8 > G9M> ! Q /< 8A)*8 9&1A6Y >C1 / Q %M82, 0Z /

3 , 129 82' 9M> !#$%M!  '(% 0$> G 6F !"RS.$!D[\]C^_`abcdAbe`

H

xx

xxH
u

xx

x
Hw

xxx

xH

xx

x
H

a

a

aww

auu

PNz

ρρρσ
ρ
απ

−ρ

ρρτ

−ρρ
γγ−ρρω

−ρ

ρρρσ

−ρ
−ρρω

ωω

ρωρρρσαπ−
ρ−

ρρρτ

ρ−
ργγ

ρ

ρω
ρ−

ρρρσ

ρ−
ρρταπ−

πφ≤≤ρ≤ρττ

πφ≤≤ρ≤ρσσ

πφ≤∞≤ρ≤ρ

πφ≤∞≤ρ≤ρ

−→

fag$hSg$iSgjAklmnopg$q:qrg$st*jAq:t*u&q:g$st*jAmAjnv:klklmAw*xSvriSqrg$sy q:mnopq:s$szM{ z

000

0

1/22

0

2

00

1/222

2

0

212

1/22

0

2

000

1/222

0

1

20001/2

0

22

00

2
0

1/2222

2
21

11/2

0

22

000

1/22200

ρ

ρ

ρρ

















a

x

aa

x

aa

aa

x

a

x

∞

∞∞

|}

~(�������$��M� �����P�E���P������-�p�����:�P��$���r���2���P���&� ���\�



177

,)(

(3.3.8)

).(=
)(

d)(
+)d(1

)(
+

)d(
)()(

)()(

)()(

d
2

2

).(=
)()(

d)(
d

)(

)(
2+

)(

)d(
sin2

(3.3.7).1/=,/=

(3.3.6)

.
)(

+
)(

)d(
+

)(

)d(

d

d
=)(

,
)(

d)(
+

)(

d)(

d

d1
=)(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()  !*+,-./&0$%1-$2345
67849:9  !;< #=4> 8 ;',0 !?8@=41;< #*A,-.7&-$%1-$,-?B= 5CDE8 ?@6755 $3458 =4$C !FG; 8 ;',- #?
=41"!$ 5 ; 5 =4H5%I  ) 1-* 6  !. 8 ?JKL 2 L 2 MNOK2,-;'1-PQ=4 #= 8  3  #;<P 5  ;< #RS1- !?T H

P 846 (8 ?B !UV$$% 3  !;<&W ;<10PQ=4 != 84X

Y 1 Y5%3 ;' 6  #./ !=4H345 "#$ 5%X =4=4HZ [ $ 5,-"#. 5 P 848 @
3 ; 85 $ 6  !./&0= 5 @;< #RS !=4HI HZ$C&? 5 FC,-$Y-5 $ 5 ;<HZ ,-;'1-PQ=4 #= 84X ? @=4 #*\1-P 8 " 8 ?BHZ?6 P],-?

Y3 ; 8 P 5%678 $JKL 2 L 2 L O8JKL 2 L 2 ^COPJKL 2 L 2 _QO` 5%6 "#$%1-= 5 P Y 15%3 ;' 6  #./ != 8 U 2345%6 ./ D 10a 8  
345 "#$ 5%X =4=4HZ 8@@89 ,-= Y > 848 @=4 8 *\PQ #"!$C=4HZ 345%Y 18b 6  #"!&

9c5 ;'?B PJKL 2 L 2 L O8JKL 2 L 2 ^CO" 8 "!$% #?BH;< #RS != 8  8 " Y 1-$%&I , 6  !?T H

r

rr

r

t

tttf
aDttf

at

t

ttf
xtatx

atxxta

axx

xH

xtat

tttf
x

x

ax

t

ttf
a

DH

CC

DCCff

a

DaC

t

ttf
C

t

ttf
C

t

tttf

t

tttf

∞ρ
−ρρ

ρω
−ρ

−−
−

−−
−−−ρ

−ρ−απ

γγ

ρ
απ

ρω
−−ρ−

−

−ρ
−)

ρ
(

γγ
απ−

α−γγα

−ρρρ−−ρρ
ρτ

−ρρ−ρρ
ρσ

1/222

21/222

2

11/222

2221/2222

2242222

1/2221/2222

21

1221/222

1

1/222

1/222

1/222

1
-1

21

2

2211

1/222

1

1/222

2

21/222

1

1

1/222

2

1/222

1

ρ

ρ

ρ

ρ

ρ

ρ

ρ

ρ









































aa

a

a

a

a

a

∞

∞∞

∞∞

∞

∞

dede

fgh!iQh#jNhk+lmnop/h!qGqGh!rstk+qGstu\qGh!rstk+nok+vGlmlmn+wtxNvGjNqGh#ry qGn+p/qGr#rz{| z



))/((

(3.3.12).
)d()(

=
)(

)d(

)cosh(2

)d(

)(

)(
1

)(
)tanh(

2
+)(

)(cosh4

)(

,/=)tanh(

(3.3.11)

.
)d()(

=
)d()()(

)coth(
2
+

)d()(

)(

)()(
)tanh(

)(

)d(

)cosh(2
)()(1

4

,

))/((

(3.3.10).
+

ln
2)(

)d(

d

d

2

1
=)(

(3.3.9)

).(=
)()(

d)()()d(

178

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"# $%&'()*+,-."#/012#3.14'(5(36 !78'9:; !"#+,<+"# =>?9@ ?9@ A;BCDE "#'(FD1G"#+#1

2#'(%H !)* !<78", !-.+#I91G%&J!",'(KL!2#36'(MN1G"#'5(/0I9JE '(FO14I=>?9@ ?9@PQ9QRB:;/036 !FO1G"#+,1S 2#<!I9J!K

1GT4I(J6U+#"#I91G)*36+#3.'(:V !"#+#<W 1G7XL!%&J$I( !I=>?9@ Y*@ Z*[VB>@:'(2#361G\H14%&1G"#'5(/0%&'
] I9'^! $^+'(59'(78", !-.1G",+#<TG14^!_O+#+] I9'(`:+#T42#'(%&J!7XL!1 Ea /@\H''(I

2#'+#"#I91G)*36+#36L!1 E+"# =>?9@ ?9@ A;Bb '(3 E L!%&/TGI9'(3.'9"#/'(591CDE "#'(FD+ E
=>?9@ Y*@ Z*?VB>@ !"# $%&'()*+,-."#/ ETG2,'(TG'95(' E3.14cd1G"#'5(/0I9JE '(FO14I=>?9@ ?9@ A;BC 3. $:;"#1G",+#1

e \H14TGJ

xrrrY

xr

rrYr

att

ttf

x

a

xt

ttf

atx

axt

x

xY
xf

x

xY

xr

rrYr

xt

ttf

t

tY

x

xY

xt

ttf

t

tY

atx

xYaxt

att

ttf

x

a
xfxY

x

YYa

rxrrY

ar

ar

r

D

r
r

rH
r

r
rtatr

tttfar

rt

ttf

−

−

ψ

−θπ

π
−

−−
−−θππ

θπ

π

γγ√αθπ

−

ψ

−
−θπ

γγ
απ

−
−

−

−
θπ−

−θπ

π
−

γγ
α−π

∞
−

−γγ
α−

−ρρ

ρρω

π
ψ

ψ
−−

−
−

−γγ
α

22
s

22

c1

1/222

1

2

22

1

1/222

1/222s

122

c
2

21

22

c1

22

1ss

21

2

22

1s

1/2222

s
1/222

1/222

1

21c
21

2

2

2

sc

22
c

21

2

1/222

1

1

1221/222

1
1/222

22

1

21

2





































aa

a

aa

a

a

r

aa

∞∞

∞

∞∞

∞

∞

∞

∞∞

fGghijgkl#mn.o gkpqmdl,pqrdsthuvs&wxgkpqp0rdsy#tkpzyk{!pqrds|n6} gk{~g



179

const./

(3.3.17)

.
d)()(

)(+
)d()(

()(sinh
4

=)(

(3.3.16).
)(

)d(

d

d

2

1
=)(

(3.3.15)

),(=
d)(

)(

)d(
+
)()(

)d()(

0,=

),(

(3.3.14)

.
d)()(

)(+
)d()(

)()(cosh
4

=)(

(3.3.13).
d)()(

=

)d(

)(

)(
1)()tanh(

2
)(

)(cosh4

)(

¨

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()*)+,-./,01(23'(. $4567 1('(89:'(;<=>; 7?@A : A : BCDEFGH. 7H5 1(,01('(856"4$ . $#I#$J(./, $#K . 7 ; $4567 1('+8
J(. $ 23,-L0L-,5J $#" ,-./8M1(NK NOPQ'5 '(% 7R/PQ,01(NR "4$; 7MS , " ' "4T FSU$#V , SW N

,-L "#TXY./,0Z[,-1('(,\ I]$

L

5 '(%XG^, I#$J(./, $#K . 7 ; $4567H"4T=Z 7HI_ ,-. 5 NO`
L-J $ L $4K#$#S :7 1 7 P $#I '+R/1(N S./,0Z[,-1 $K N "4TSU$#V , "?@A : A : BCD5GH. 7H5 1(,01('(,a "#$ . $ ,

. $ P T :V ," G' I . 7 , "%&,0`(L "#5 ' " ,0P T 1 $ L " '5. 7 1 T Z[,-F
565 ,-%&,01 7 8FJ $ L "#$ 8M1(1 7 8^ 7 ^"#7 ^J $ P $#V ' "#TSU$#V , SS NR "4$% 7 P&,-,-F
J $ ^ 7HV , SW NJ $ L "#$ 8M1(1 7 89:J(. $ '(; 5C$ P T 1 7 8,-L "#TI %/,./,0Z[,-1('(,0F$ %/1 $ . $ %&1 $ ,

J(./,0%&L "47H5 PQ8Mbcde'(`R/PQ,01% $4K#7H5 ' "#TK NOPQ'% $ P V 1(NS NI]$456$ ./8MFfg" . $4I]$

./,0Z[,-1('(, Y$ ^ $ 1(R 7M" ,-P T 1 $ ,% 7 b "?@A : A :hi A D'?@A : A :hijk4Dl . 7M5 1(,-1+'(8

^J(./' 56$ %&8 "1(1(N S,5 NOZ[,0J(./' 5 ,-%

xr

rrrYr
xY

xr

rrYr
xxYxf

r
r

rH
r

r
rt

tttf

at

ttf

rtat

ttfarr

DB

B

xBY

xr

rrrYr
xY

xr

rrYr
xxYxxf

xr

rrrYr

xt

ttf

atx

axt
xYxf

x

xY

ρ

−

ψ

−

ψ
θπ

π
−

−ρ

ρρω

απ
ψ

ψ
−

−
−−−

−

α

γγ

−

ψ

−

ψ
θπ

π

−

ψ

−−
−−θππ−

θπ

π

22

s2

s22

c2

c
2

22

1/222

2

2

222

2

1/222

2

221/222

2
1/222

2

21

c

22

s1

s22

c1

c
2

21

22

s1

22

1

1/222

1/222

c12

s
2































aa

r

aaa

aa

a

a

∞∞

∞

∞∞∞

∞∞

∞

∞

mEn-o6n0pCnqrstuvwQn-x]x]n-yz{qrx]z{|<x]n-yz{qruvqr}]ststur~{�C}]pCx]n0y� x]urwQx]y0y��� �



d
)(

)()()(
4=)(

,
2

)(

d
)(

)](+[1)(
)coth(2

2=)(

(3.3.19)).coth(
2
=

(3.3.18)

0.=)()],([1)](2)([)coth(
2
=)(

0;=)(,
+

ln
2

)(
12=)(

;=)(,
)(

d)(
4=)(

¨

.>

0,==¨=

180

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()*+#,-./01"2345./&6,789:; , ;)<=;)>?; 4@8@*4@"#A5,7*#B ; 4@8@CDE ,7"#(FA@, ;  ;)GH; 4@8@* G *, ;FIJ; 4@8 ;A@K G 4@K ; !"#$%&LMN E N EOPQR3S8LMN E N EOPTUVSLMN E N E W3SXYZ K6, < . GH[

\A@K6(F&6K6*/4@45.#$K6A@, ;  ;FG * ; &LMN E N E UVS.#,-"#234 ; 4@8 ;23&'K6,7K ;23KLMN E N EOPTUVS9 K6 !(F&6"#45K623+#"

( G .#]7"#*]7"#(F&64@K'01K^ &'K601K G *&; !"2 [_IJ; YK6A@85()"#4@45K ;, ;FIJ; 4@8 ; Y`ab >?;F; K6A@, ;  ;FGH; 4@85$cEA@K6 GH; Bd"/&2345./&6,78A ; , ;)<=;)>?; 4@8@*8+#,-./01"234 ;4@"#A5,7*#B ; 4@8@C
e "#(FA@, ;  ;)GH; 4@8 ;+#,-./01"-E2345./&6,78A@,78 G K6B ; 45K !"#2 GH; 458 ;9 K6(F&6K6*/4@4@K ;  G *]7&'K&6"/+4@"#Y;f " >?;)<=G+#,-./01"234 ;FI 4@K6(F&6g9 .#(F&6g

 ;FG " ; &'()*-E^ &'K+#"/+4@8@B ; YA@K6+/"#B ;)< h [.# !K'2 GH; &623K', ; 4@K1Eb [_G K.#,-"#234 ; 4@8 ;]7&'K b [&6"/+#Y2 [ b ,7" b "b [ &'g !K G Bd4@" K64@"*#(F4@K6CD\()&'"#4@K62V8@&6(F*A@K6(F&6K6*/4@4@K6C,7K G gf  ; ()gi] GH; 4@K62'E2 [_IJ; .#A@K < */45.#& [_j +#,7K <=;LMN E N E UVSXY.#,-"#234 ; 4@8 ;23&'K6,7K ;.# !K'2 GH; &623K',7* ; &LMN E N EOPkl'S, ;FIJ; 4@8 ;]7&'KK f 4@"#]7" ; &6Y

t
t

tYattYat
Hw

aa

tt
t

tYattY
Hu

aD

D

tftYDtYattYtf

r
ar

ar

r

D

r

ar
Hr

a
H

x

xxa
H

a

uwa

D

ρ−

θ−−−
σρ

ρ−ρ−θ−

ρ−

θ−

ρ
θπ

π
σαπρ

θπσθ
π

−−θ−σθπ
π

ψ
−γγ

α−−−σπψ

ρ
σαπρω

−ρ
−σ−ρω

σρ
ρ

1/222

sc
1/222

0

1/222

1/222

cs

0

0

2ccs01

2
21

21/222

01

2

021/222

1/222

0

01































a

a

a

∞

∞

m

n)opqroDs@tu7v oDwctJs5wcxJyzp{|yH}~oDwcw_xJy�@zDw%�D�#wcxJy�u-� oD��o

�=�H���?�V�H�



181

.=0,=0,=

.>0,===

0.

.,

.>0,==¨=

0.

0=

.,

.>0,==¨=

0.

.
)sinh(2

)cosh(+1
4=(0)0,=(0)

0,=

.)tanh(
2

d
)(

)(
+

⌡
⌠

 !"#"$%&'()*+,-!.$-!/0)'(12 !-!%&.#"$3456/0)7.$"#8& !13+*-!9,%&-!34:(1;+*)*1
9*"$:("$<=)*.$12:>?!+*"#/39*%&),:>"$<=1;+,+*"$@7 ),:>"$@7 " 7 %&12'("$.#"$8&1;+,+*"$@3456AB5634-!12/0561

34+,CD.$%&)9*12%&1;/01;EF12+*)*G) !%HCDIJ-34+*1+*-!9,%&G!<=12+*)*@%&- 7 9*%&12'(1;:>12+*)*1K -!@*'(),.$1
'(:>G8&.#".$-D AL-DEF1;/0:>1;+,-!M !%HCDIJ-34+*12NO+*" 7 .$?P C 7 .$?

9*"$:&C!9*%&" 7 .$%H-!+ 7 .#34"C!9*%QC!IJ"#1)*AB"$.$%&"#9*+*"$1.$%H-!+ 7 3R1;% 7 -!:>?!+,"S - 727 /0"$.#%&)*/TJU

34+,CD.$%&) U
9*12%&1;/01;EF12+*)*G) !%HCDIJ-34+*1+*-!9,%&G!<=12+*)*@%&- 7 9*%&12'(1;:>12+*)*1K -!@*'(),.$17

 !"#:>?!V=1+*-9*%&),:>"$<=1;+,-WX+*-!I$%HC!AB !-.$-D+*IJ1;+,V=)*-!:>?!+,-!GY 7 1 7 )*/0/01;.#%&)*8&+,-!G
'(:>G8&.#".$-D +*-!M1AL-DEF1;/0: !%HCDIJ-34+*12NO+*" 7 .$?P C 7 .$?

9*"$:&C!9*%&" 7 .$%H-!+ 7 .#34"C!9*%QC!IJ"#1)*AB"$.$%&"#9*+*"$1.$%H-!+ 7 3R1;% 7 -!:>?!+,"S - 727 /0"$.#%&)*/Z U

AL-D'(-!8&-D[ U34+,CD.$%&12+*+*)*[34"7 9,%&-!3412'(:>)*3R"+*134"#\$EF1;/7 3R"$@ 7 .$34"] .#"^
%&-!3R+*"$3R1 7 ),) U3+*-![_"$'(G!. 7 G

9*:>" 7  !" 7 .$)3+*-!9,%&G!<=12+*)*G8&.#"'("# !-!<=)*.#1;MAL-D'(-!8&),M9*%&12'(56'&C!EF12@C 7 :>"$3R)*G![`a U

9*%&),/b12% U !-D Z U ac 9*%&-D<=+*1;+,)*)39*%&12' 7 .#-!34:>12+*+*"$1%&12NO1;+*)*1) 7 9*"$:>?!AdC!@*.#1^
 !%HCDIJ- U34+,CD.$%&)9*12%&1;/01;EF12+*)*G) !%HCDIJ-34+*1+*-!9,%&G!<=12+*)*@%&- 7 9*%&12'(1;:>12+*)*1K -!@*'(),.$1

7 !"#:>?!V=1+*-9*%&),:>"$<=1;+,"WX'(-!3R:>1;+,)*1Y 7 1 7 )*/0/01;.#%&)*8&+,"$1
'(:>G8&.#".$-D +*-!M1AL-DEF1;/0: !%HCDIJ-34+*12NO+*" 7 .$?P C 7 .$?

9*"$:&C!9*%&" 7 .$%H-!+ 7 .#34"C!9*%QC!IJ"#1)*AB"$.$%&"#9*+*"$1.$%H-!+ 7 3R1;% 7 -!:>?!+,"S - 727 /0"$.#%&)*/efU

Z U a U7 12 !V=)*)39*%&12' 7 .#-!34:>12+*+*"$I$"9*"$'&[,"$'(-DM/0"$'(),g,)* !-!Vh)*)%&-!AB:>)*8H)*+*561
9*%&"#\$"$3R-!.$?7 :(1;'&C!12.i )*.$-D.$1;:(j9*%&" 7 .$56/ U7 -D/056/+*)34"#AL/0"$<=+,56/bM1;'&)*+ 7 .#341;+*+,56/

+*)G!3R:>G!1;. 7 G+*17 12 !V=)*)*M] .#"$@39*%&12' 7 .#-!34:>12+*+*56@%&12NO1;+*)*GDMk 1;.$"#'
9*1 7 8&-!+,)* !- U)V=1;/012+*.$-7 .#-!:>)*M'(:>G34568H) 7 :>12+*"

\$56:>"9*12%&1;/01;EF12+*)*G)+*-!9,%&G!<=12+*)*@9*"$:(1IJ'&1eLlRm a#W MXno -!\$%&), !-!+*.#M7 .#-!.$?Dj
9*" 7 /0"$.$%H1;.$?/0"$<=12.%&12ABC!:(?!.$-!.#-!/0)*M8&) 7 :>1;+*+,56/0))*+*.#1;%&1 7 C!12. 7 G !"#.$"$%&56@i )*.$-D.$1;:(?!M

)*/01;+,+*"$M-
V=1;+,.$%&13g_C!+, !V=)*G![] :(1;/01;+*.#-!%&+*56[334568H) 7 :>12+*5\$56.#?/0"$I#C!.3456NO1p +*.$12IJ%&-!:(5

qQr4stuvwxyDwzu

{|}J~�uRw

bzyx

OzP

awua

z

acc

b

awua

z

z

accb

awua

z

Hawu

at
t

ta

ρρ
≥

≤
≤ρ≤ρτ

ρρ
≥

≤≤ρ≤ρσ
ρρ

≥

θπ
θπσθπ

ρ

θπθπ−
−ρ
−

0

1/222

1/222

0

ρ





�J���4�2�D�R�f�d���R�;�J�����f��J�d���4�J���R���R�D������4�#��*� � ��� ���D�J��f� �

�Q� ��O�h�>�Q���h v�h¡h 



.=
)]+(sin[

)sin(

(3.4.4).=
),B(

),1B(

(3.4.3)

.d
)(

)()(

),1B(

)()(
=

)(

1

(3.4.2)

,d
)(

)()(

),B(

)()(
=

)(

1

(3.4.1)

.1,<<0),(=
)(

)d(
+

)(

)d(

¨

¨1.<0const,=,=

182

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"# $%&'()"!*+,-./0123/456789,-:;./,-<=40/>./"!?1:@,-./4A &'BCDEF45*+,7BG ./"#H;,-./01,

I!3/()45JK,-./4=LA &'BCDEF45*+,7BMNOCP Q=P QCR$%&'()"!*+,-./01,S ,-BC"TUVWXI!.1 !Y+0/?/Z6-$[45?/67B5$%"\ 6-3/4C89D!>]I!2

I!678945$[0/2)L0/>>^.1"!H;,-.10/,453/(),-:@,7890/E_ &

`^a%b O[Rc &'*+0/ #Z0Mde (;"!:@fgBC,-?/.
3/(;,7:@6-BC"!$%89,7./0/20/./BC,-<=()"!89D!./&',6-8@,-:;I!hiJK0/,0/673/4589D!>]I!,7E_ &453/(),-:@,789,-./01h P

3/45:;89,-*+0/BWXI!.1 !Y+0/20WXI!.1 !Y+0/2!Z0/>j$%,-67B5./"!23/4567B5452#././"!2#Z0/>j$%,-67B5./"!2G :@,76-D

:@892

I!()"!$%./,7./0/,0/./BC,-<=()"!89D!./4C,c "!676-EF45BC(;0/E
`^a[k5b RNPMdl " A (;01 !"!./BCZ

$:@"!.14A &'894m BC4 !"# noA ,7892!ZI!()"!$%./,7./0/20/./BC,-<=()"!89D!./4C<=4././4C<=4,4 A 4 A J
B54C89D! !4>^:;,-6-D3/(;,7:@6-BC"!$%892#,-E_ &6-BC"!B5D#, P

45()0/<=0/./"#89D!./45?$:@,7B5"!890./"!?1B50EF45*+,7BH;0/BC"!B5,789DG "#0/./B5,7(;,-6-4C$%"!.1./&'?p  !4 A 0 P
3/458@0/./45EF"!E3/4(;"!>j8945*q,-./0/2W145()EF,$(;,7fg0/845. !4CB545(;4C,noA ,7892!ZI!()"!$%./,7./0/h

0/./BC,-<=()"!89D!./4CEVI4 A JK,-EVI >^"#:@"!H)I8,6-$r .0
EF45:;I#89,-EI!3/(TI!<=0/E63/458;I!3/(;4C6-B5()"!./6-BC$%"!Z./,745:@./4C(;45:@./4C<=46-8;I!H;"!2

:@892>^"#:@"!H)I6-EF,7fg"!./.1I#h4567./45$%.XI!h$%.1I#B5(;,7././hih(;"!676-EF45BC(;,-8M `^a%k O[Rs 453/4C$

tou^v/wxyz{| w}~!�9�;��u)��v�yC�}y����;y

� z u#��v�u#�/��u[��u

A

A

y
yx

ytbybtbx

xt

y
yx

ytbybtbx

tx

FfA

axbxf
xt

ttF
A

tx

ttF

EzE

E

δ

κδπ
δπ

δκ
κ−δ−κ

δ

−
−−

κ−δ−κ
−−

−

−
−−

δκ
−−

−

≤≤κ
−−

κ≤

�i�9���/�i�+�@�#�@�+�/�i�#�@�;��i�#�9�+�'�@�+�@���'�@�X��������� � �@  �=�'¡i�¢;£ ¤

+

-1-1-1-

+

-1-1-1-

00

δ

κ

δ

κ

κκ

κ
κ

b

x

b

t

x

a

b

x

¥-¦�§�¦¨©/ª«;¬ ¦¨®ªg©1®¯g°±�²}°9³x¦¨®'¯g°´/±¨i´¨µ!®¯g°¶«)· ¦¨µT¦

κδ

δκκδ

κδ

δκκδ



183

(3.4.10)

).(=
)(

)d()(

)(

d)(

),B(

)(

(3.4.9)

.d
)(

)()(

),B(1

)()(
=

)(

1

(3.4.8)

,d
)(

)()(

),B(

)()(
=

)(

1

(3.4.7)

.
)()(

)d(

d

d

)(

d)(

d

d

)(

)]+(sin[)sin(
),B(=)(

¨

(3.4.6)

).(=
)()(

)d(

)(

d)(

),B(

)(

(3.4.5).
)cos(1

)sin(
tan
1
=

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'(%)* $+,!&-./00#. * .1$+234.156./78,8.

9* $+,!:;"#<=,!0>?@AB CDBEFGH:>?@AB CDB I;H,>?@AB CDB JKHLM"#<=N/0#OP7!"#: 9 O

* $+./<=N10AOP:;QR./78,8S%),8780A.1TD$%OPQR2P78UV.,8N * "#QR2PWG"#:KOP0#2&X"#YZ./&&XU<=./QR.1[N1O\&X"#& ]:;"AW^&X"#YZ7!"#_ B.1<+,878N10A:;.1787!"#_SP:KQRSP.10AN1S78.>?@AB CDB `AH [:<=OP7!78OPS$+./56.178,8S\[ab"#$%&XO

:;,8<R)* $+,!&-./$34.156./78,8.7 B."#cA$+OPd c#UV0A2&X"#YZ./09 O\YZ<=UV_," * ./$+OP0A"#$+"#:K[eMc#./QR.1:KUVf<=:g(Pf* "#N/QR.1<+"#:;O\0#.1QR2\78"#N/0#2 9 O 9* $+./<=N10AOP:;QR./78"0#. * .1$+2eMc#./QRS(P$%OP:;78./78,8.,8780A.1TD$%OPQR2P78"A.h c#"Ac#di_87878"A.

* "#Q+(Pj+,80AN1S%)34.1Wk(PQR2\0#OP0 ,8780A.1TD$%,8$+"#:KOP78,8S B* "#$%SP<=" 9,8WG&X.178,8&,>?@AB CDBEFGH:>?@AB CDB @KH,>?@AB CDB lAHLM"#<=N/0#OP:K,8&

xf
ty

ttFta

xy

yyaxa

y
ty

xyyaxata

xt

y
ty

xyyaxata

tx

xrbx

xxf

r

tr

rbr

tbt
tF

xf
ytbt

ttF

yx

ybybx

A

A

−
−

−
−

κδ
−

−
−−

κκ−δ−
−−

−

−
−−

κδ
−−

−

−−
×

−
−

−π
δκπδπδκ−

−−−
−

δκ
−

κπ−
κπ

π
δ

+1-

-1-1-

+

-1-1-1-

+

-1-1-1-

-1-

1-

-1-2

1--1++

-1

-1

δ

δ

κ

δ

κ

δ

δ

δ







b

y

x

a

t

a

x

a

b

r

t

a

y

a

b

x

mDnop;q/m\rKnstkuorKv1wDtxuoysvwDzkno{;wDnorKno{Kw\no|on{;pA}~8� n �o� zxw\�Dz�s� �

κδδ

κκδ

κδ

δκκδ

κδ

δκκδ

κδ

κ

κδ

δκδδκ

κ



0,

(3.4.13)

.
)(

)d(
)(1/2)2cos(

=

)d(
)sign(1

||

)sign(

)+(

1
+

)d(
2

)+(

1
+

||

1

2
cot

(3.4.12)

,
)(

d)(
)(1/2)2cos(

=)d(
)+(

1

||

1

2
cot+)d(

||

)sign(
+

)+(

1

(3.4.11)

.
)()(

)d(

d

d

)(

d)(

d

d

)(

)]+(sin[)sin(
),B(=)(

184

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%& '#$()*+(),-./01234567 897:;<5=>?34567 897:;@A6>BC#D(C 'E"%&E"?"201F$BCG$(C%!"#$%&HI%1FIJCE"K/LM

BC#D(C 'E"%&E"?"NOP
01?Q01./%&LRBS (C0&01LTK/.6#$?"L./()U 7E"%V ./KE"?"LT? 7LT%1WXHDB 'Y@(C?"LTK/K6./E"K6Z[%1E"?"%

BC0&./(CE"K6 '?"./JE"%& 'K/Y@LTK/WXE"K!"#$K601./KG$.6K#$(CY@F\?"GDE"]^_E"(C0&./K/FIJCUCKK/E"?G$.6K '!"%&G$(C.6F\%1E"?Q%1_
!"%&#$ 'K/%34567 897:;@> _?34567 A97 5=`6>BC#D(C 'E"%&E"?"2?"E".6%1a9#D(CF\JCE"]^%01#D(C 'E"?QLLT]b 01FI?

34567 897:;6;@>47?34567 897 c6>
#$%&Z[%1E"?"Nd U) '?" '()F\%1E".6E"K/0&./JBC0&./(CE"K6 '?"./JG$?".6(C./%&F\,WX%1FI(C,-*e%1LRBK/0&./(C =F\2C%1Lf ]

r
r

H

ttF
t

t

ttr

tr

tr

ttF
ttrtr

rH
ttF

tr

tr
ttF

tr

tr

tr

rxxa

xxf

r

rt

rra

tta
tF

→κ

ρ−

ρρω

γγ√π
κ−Γκπ

−−
−

−−

−
−γγ√

α)κπ(−

ρ−

ρρρω

π
κ−Γκπ−

−γγ√
α)κπ(

−
−−

−−
×

−
−

−π
κδπδπδκ−

1/222

2

0
21

2

2

0

1

0
21

1/222

1

0

22

0
21

1

0

-1-

-1-

1-

2

κκκκ

κκκ

κ

κκκ

δ

δ

























r

a

a

r

aa

r

a

b

t

g1hijkhOl"mn$o hOpqm[lQpqr[stiuvs\wxhOpqp^r[sy"tOp-yOzCpqr[s{nD| hOz}h

κδ

δκ

κ



185

.
+

)(
)(1)cosh()sin(

=)(

¨

(3.4.17),+
2

=

,

=¨

(3.4.16).
)d(

2
cot

)d(
2+

d
)(

)(+)(
)(1/2)2cos(

=

)(

)d(

2
cot1+

)(

)d(

2
cot+1

¨,+=

(3.4.15)

.
)(

)d(
1

=)d(d
||

ln)(

(3.4.14)

,
)(

d)(
1

=d|
+

ln|)(+)d(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"!#$%&'()*+,-./,"!012345 " 346 "70128 349  7:7 !;,+,<= !>" 346 012"!% 5 ; 3 -?/,; 36 0 6 % 5 #$ 8 34@ %A#
B  !#4+C#4%&-?/D$E F(E5 %A;,<G ! )H%AIJK,-?/,#4+,#$+,8L 55&3 '(-.+ 5 K,%&# 5&M)H%AIJK,-?/,#4+,#N 345 -.% 9 "7 !>

% 5 #4/OP#4+C8LQ!+"!" 3 ' 3%5 <G%AQ!-
;,)*KC'(- 3 ' 3Q!- 3$5 ; 3 ' 39 - M"!+,Q7) M,@ %A"! !>R K,"!;C<G MSTD$E F(EUVWXYZTE69 +,"7"!018 

;,+C;3 Q!)*% 9 %A-.%&"!"7018 [
Q!+,)*+,8L%&#$) 3 85STD$E \(EUV$VJZ

[
 STD$E \(E ]$Z !I !I 6 % 5 #4" 3; 3 # 3 ) 3 ' 3)H%AOP%&"! !%

5STD$E \(EUVJZ
[

#4 !Q7+^_` %A- MK,)*+ 6 "!%A"! !% !"!#$%&'()*+,-./," 3 %"!" 3 %%3 ` 3 `4aQ 3 -HK,bH !-. c 0

3 ` )H+,I 3 8de5 -?% 9 K,f a  !8
"!0%3 `$g % 9  !"` 01#$/8 3 '$K,#STD$E \(EUVhDiZ STD$E \(EUVJF$ZK,)*+ 6 "!%A"! M:jK,"7;,<G !f

; 3 8kQ7-.%&; 5 "7K,fl 6Y3$9?MK 5 #4+," 3$6 -.%A"!+ E5&6iM IW/3 ` )H+,I 3 8
[

m +,;C !8STD$E F(E Din$ZTE;Q!)H 6Y349  7#
Q 3STD$E \(EUVhoiZ STD$E \(EUVJ\$Z9  !:j:7%&)H%A"!<G !) 3$6 +,"! !%bH# 3Q!) 3$6 %&)* !#4/

[
-.%A'(; 38 34@ %A8c 0

ta

ta
taw

H
tF

i

a

b

t

ttF

t

ttF
i

r

ir

H

rt

ttFi

tr

ttFi

iFFF

r

r
r

H
ttFt

tr

t
tF

rH
t

tr

tr
tFttF

−
−

κπ
κ−Γθπκπ−

θ

θκ−δ

δ−

)κπ(
γγ√

α−

ρ
ρ−

ρωρωργγ√

γγ√π
κ−Γκπ

−
)κπ(

γγ√
α−

−
)κπ(

γγ√
α−

ρ−

ρρω

γγ√π
−

−γγ√π
α−

ρ−

ρρρω

π−γγ√π
α−

/222
03

1

0
21

2

0

1/222

2121

0
21

2

2121

21

1/222

2

0
21

22

0

22

2

1

0
21

1/222

1

0

22

0
21

1

0

θ

κκ

κκ

























i

aa

r

r

a

-a

r

rra

rar

p(qrsYtApCuiqhvwxruiy&z(v{xr|hyz(}wqr~Yz(qruiqr~izCqr�rq~Ys$��!� q �r� }{zC�(}�h� �

κ



).(=

.
)())(+(1

]+)(+)+)()][2(+(sin[
=)(

const.=

,=)(¨

)()(

]+)()][+(sin[
=)(

const.=

,=)(¨

)()(

)]+(sin[
=)(

const.==)(¨

.
)+(

1
+

||

1

4

)/2][(1/2)(
=

)])([(

d
),(

,
)+(

1

||

1

4

)/2][(1/2)(
=

)])([(

d
),(

186

⌡
⌠

⌡
⌠

 !"#$%&'(
)

&&*+,-. /0.123456789 $%:;<=!>?@!ABC $ CDE <CDCDF-G0F$F 9 F 9HI> $%JK$ CDE $L @!M " ENO $,-.

)

&&*+,-. /0.123456789 $%:;<=!>?@!ABC $ CDE <CDCDF-G0F$F 9 F 9HI> $%JK$ CDE $L @!M " ENO $P0.

)
&*+,-. /0.123456789 $%:;<=!>?@!ABC $ CDE $CDCDF-G0F$F 9 F 9HI> $%JK$ CDE $L @!M " ENO $2Q.

ABR JK$S.TD> $%"#& O-@!A :;$ CDRU!F-OHFH>VR $
O $%WN6" EDXYX $ > $ CDZ[ED>VF-AB@!CDE $%\E : EEDCDO $ G0>?ED>VFHA]@!CDE $'\ABR^_?EDOH@!CDE $'\`6&': FHa $ CNE $'\`6

TD>VF & OHR \TDF : =!_ $ CDR9 R^O (\ FHG-=!OTD> $%"#& O-@!A :;$ CDE <" F 9 @!ABF-_VCDR $L $ U!F-OHFH>?R $

TD> $%"#& O-@!A :;$ CDE <EDCDO $ G0>?@ :;( CDR $E & TDF :;(!b = <=!>?@!ABC $ CDEDM 6

cdefg%hSe

cdefg%hSe

cdefg%hSe

babD

tabt

bbaDDtbtC
tF

C

xCxf

tabt

bbabtC
tF

C

Cxxf

tabt

C
tF

Cxf

xx

xx

xx

xx

−δ−κ
−−κκπ

κ−δ−−κδπ

−−κπ
κ−δ−−κδπ

−−π
κδπ

ρρρ−ρρρπ√
κ−ΓκΓ

−ρ−ρ

ρρ
−

ρ−ρπ√
κ−ΓκΓ

−ρ−ρ

ijk#lDmnodpqDrstNuYvwxyz{|{^xyz}~���} o^v{|l
m��;m } {|k;l�#o^r[�#qD�^�[x��?lD��� } uY��~ �|vwx~ �[�?�^uYlD��� } z� vw�|��{|� }� p �

-1-

2222

2

-1-

-1-

000

+1)/2(2

0

222

-1

0

0

00

+1)/2(2

0

222

+1

0

0

δ

δ

δ

κκ

ρρ

κκ

ρρ













min

min

�'���w���D��V� ���d�K�N�d�K����y�;�j���d�^�K��D���|���!�d�K� �?¡ ���¢�

£¢¤ ¥¦K§s¨;©¢ªf«s¬S«ss¬

κδ

κδ

κδ

κ

κ

κ

κ

¨



187

d
)(ed)(

e
2

,=
)(

d)(

)(

d
2+

)d(2+
)(

)d()2(

)(

d
2

0,=
)(

d)(
d

)(

22
+

d)(
2

)(

)d(

)(

d2

(3.5.1).<20,<0,==

;<20,0,cos=

;<20,0,=

0:=

0.

¨

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&
'#()"*+,-./012345674 289:;"012345674 <390:<=4 >34 ?!9:;@AB3C=D%EF@GH#B-F( E  H#IGH "#J ;" H / IAC ( EFD%KFH#LMIN @AH#B  H#LMI

$ D J

$ D J

$ D J

' D%B3@AOFB3@ /P"
H#E- @GD%B  8"#JF+,"C ( EFH "#Q H#L +,"@ADRI $)-FSTUV"#+,"W E ( EFO / I ()"#XY- I / @ JZ E $ E Q E

 E.[\H#BP@ /P" 4'#( E.O /P"#Q IA@AO.BP]^ B3D%KF_`BP]"#XabcX E@AIGOFd "#"
B /3$ IAD%K.H#BP] ( EF@G@ + B /3( IAH*EX E $ E Q Ee / EH#EFC (f-FX O " 4'#()" D%BP[\IAH*H#BP]' E ( E + I /3( E +,"

@_ / E +,' E' I ( I + I U IGH "#JF+,"90- CPD%B  L +,""90D " H#IG]#H#L +,"+ IA[ $f-
 !X E "#+ BPB / H#B3_`IAH "#J' BPD -FQ)"#/ K"_ / E +,' B +' B $H#E '*()J [\IGH " ]( EF@ '#( I $ IAD%IGH " I

H#EF] /P"$ B3D%[\H#Lg L4BP@ " !$ BPD%KH#E '*( E  DRIAH+ B + IGH / E IGO / B (Q)/ BB ^ U H#BP@ /3" ;
' B / I ()"^ I X'#( I $R' BPDRBP[ "#/ K ;+ BP[\I +g L4+ B + IGH / EB '#( BPO "#$ L  E STU IACPB

";H#E '*( E  DRIAH "#" $ IG]#@ /P h-FSTU IA];@ " D%L@ $) !" C=E STU IA]$ IG]#@ /P 8"#S' B $) I ( [\IAH
i / E +,'' BPD -F'#( B3@ /P( EFH#@ /3 B +-F'#(j- C "#+"#X B /P( B ' H#L +/P( EFH#@  I ( @GEFD%KFH*B

@H#H#LM]I@Ad\I ' D;( E $)"*- @GE_ / E +,'' D%B3@AO " ]O (f- C=D%LM]k EF@G@ + B /3()"#+

H

u
xx

x
G

H
x

x

x

x
G

x
x

x

xG

H

xx

xxG

a

aw

auu

z

u

Oy

M

OxT

z

a

ρ

ρ
ρτρ−ρρρτ

ρ
ℜαπ

−ρ

ρρρτ

−ρ

ρρσαπ
−ρρ

ρρτ−ρ

−ρ

−ρ

ρρρτ

−ρ

−ρ

ρ

ρρρσ
ρ

απ−
−ρρ

ρρτ

−ρρ

πφ≤∞ρ≤τσ

πφ≤≤ρ≤φρδ−

πφ≤≤ρ≤

δ

≥

0

0

020000

0

01/22

0

2

0000

1/222

0

1

00-11/22

0

2
0

002
2

0

2

1/222

0

2

1/22

0

2

0000

1/222

22

0

2

2

00

2
01

0

21/22

0

2
0

002

1/222

4

0

2

1

0

ρ

ρ

ρ

ρ

ρ

ρ

ρρ



 a

i
-i

x

a

a

x

a

x

a

x

a

φ
φ

l

mnopmnqrs.tpuopv=w8opxGy.z8{*|auA}~�\qY��oy�Yy=�3{�Yz!|ay=��uG}~��qr�� �!y.�Gs=y.q�7� �



¨

(3.5.5).=
)(

)d(
2+)+(

2

(3.5.4),)d(=,=

(3.5.3)

.
)(

2

)(

d)(1

d

d
=)(

,
)(

+
)(

d)(

d

d
=)(

,
)(

)d(

d

d
=)(=)(

.

=

(3.5.2)

.cos=d
)(

)e(+)e(

)(

d4
+

188

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()*+,%&-./012 312 41567#897'(:";<:"%";-*#8;=-*>7;'./012 312 0?5@ )*+,A<-*97:&)*'( 79

2+,BCD'(EF#897GH;=:"%&%'!")*DI'(%"-1A=D#$;<JK;=:"%";<L
)*+$:")*#$)1+,:")*;!"#$;<+,A=-197'(BCDIMNOP97D!")*A<-*)*DI:":"97DILQ )*R197'()*S8:"97D+,97B,;=; 2:");!"#$)1D7A=:

R16I+,;=-)*R1A=-*)1D7-*;<BC>7A=-1'()T -*)67#897'(:";<:"%"D 2-*#8%+,)1'(BC;=-1'()*#8%"-*>S$-1)*R*E!")*A<-*)*DI:":"EF;=L
+,'?;-*)1BC>7 7)%"UV;=;<UUVE!"#$)1-*%"'()1#$;=S8%"'()IW'(EFX*BCD7+,DI-./012 312 3?5%./012 312 Y15Z EF#$9IGH;=:"%"D

A=!&#$97'(;<+,BC%"'?E[W67A<BC)*'?%"DA=B,;=+$67MNOP%";;=A<BC%67+,)1'(BC;<-*'()1#$D7MN-*A<D7L)*:"%S$-1)!")* I97\]EF'?97;=-1L
./012 312 41567#897'(:";<:"%"D+,'?9!";<#$'(EF;'./012 312 0?5@ )*+,A<-*97:&)*'( 79)*!"#8;=+,;<BC;=:"%&M 2!")*+$BC;=GH9IO^%&;

!")*A<-*)*DI:":"EF;%%:"97!&#$D7GH;<:"%"_"L` 67:& 7aH%"D:";<%"\]'(;<A=-1:"97D!")* I9b +,;<A=>

` )*#8UV;?W'!"#$;<+,A=-197'(BC;<:")R*EF-1>UV)*GH;<-c ;=JK;<:"%";
S$-1)!"#$;<+,!")*B,)*GH%"-*>ILUV)*GH;<UUVES$-1)-*9I 7)*'(9IL./012 312 41567#897'(:";<:"%"_d -*#86I 7-16I#$9

f

u
ta

ttf
HGG

D

ttf
a

C
DC

DCf

a

a
D

t

tttf
C

a

D

t

tttfC

t

ttf

xx

xxH

−
αππ

γγ
α

ρ−ρ
ρ−−

ρ−ρρ
ρ−ρτ

ρ−ρ−ρρ
−ρτ

−ρρ
ρσρσ

σσ

φρδ−ρ
−ρ

ρσρσ

−ρρ

01/222

0

21

2

0
21

1/2222

22

1/22222

1/2221/2220

1/222

0

-11

-1

1

01/22

0

2

0-101

1/222

2

0

ρ

ρ

ρ

ρ









a

a

a

a

-ii

x

a φφ

e=fghifjk"lm$n fjoplKk&opqKrsgturCvwfjopoFqKrx"sjoNxjy7opqKrzm8{ fjy|f



189

.ddcos])e(+)e([=,d)(2=

(3.5.8)

.
))(tanh(

)+(
+1

)cosh()tanh(
+=

,
)sinh(

=

(3.5.7)).(+)()(
)sinh(

)(cosh
=)(

(3.5.6)

.=
)d(

)()(

)d(
)(

,)(

.=
))((

)d(

)(

d)(8
+

+)d(+
)(

d)(
2

2

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()$%*+,+-./012 ,345()$%-'/-',36'()457#8 2 *39
:;<6'*3 !*+9=*+>?*3&'-'/#9=-@A-BCD "E9=6 2#FG6' !-.45()HI*+&.&'()J&'"#K) 2 8 G ()J F9=*+HIL 2

$M8N"#-'9=()( D &'( B *+&'-'*6'()4 2#O - D 7& 2 HP&'(&'"#9Q *+6.*+ !7BCD "E9=6'()9?A6'()L&'"#6. !/#HI*3&'-'J
 !"#,36' !*3LR*+45*3&'-'*()6' 0*+LR*345/#S D6'()4R&'(), D 7#STUV A WXA V%Y-TUV A WXA Z YTUV A WXA [ Y F\ () 09 2 4 <

-'9=*+&.&'( F"6'(), D ()/E&'& < * F$M,3*()6' 0*+LR*345- D 7
&'"#96'()8N$M(X45/#* DTUV A WXA W Y-TUV A WXA ] Y$TUV A WXA [ Y^ ()LR, D "#&.()$ G "6'(), D ()/E&'&'()J@A6' !(X-'8_$%()457#&.()J

G " O *+, D $M*$, !* B *+&'-'* F()L!&'() !(XLR&'()*6' !*3LR, D "#$M45/E* DTUV A WXA [ Y$O 45*3&^ (),345*+LR&.-'J

*+, D 701,+4 2#O "#*O "#, D &'(X9` D ()9
$a * B *3&'-'*TUV A bcA dMb Y A !* B *+&'-'*39()eX>?-'9,TUV A bcA dMf Y F"#&'"E45()Kc- O &'(TUV A WXA d Yg  !"E$M&'*+&.-'*

 !"#$%*+&a *+8 2 457 D " DALR(
f( D6'(-'& D *+Kc 0-' 2 *39-&'"$ <  0"#HI*+&'-.*6'(),345*+L!&'*+*g 9=&'()HP-'9

MT

GG

GG
Ha

uA

AD

A

tAYtaYttY
H

tf

Hrt

ttf

rtta

ttf
ra

r

r

taxt

ttf

x

xxaxH

aDttfC
t

tttf
C

H

φρφρρσρσ−ρρρτπ

−θπ

θπ

θπ
απ

θπ
αθδ

θπγγ
αθπ

θ−
θππ

θπδ−

π
δ−

−γγ
α−

−−
−

ρρ−ρ

ρδ−
−−−ρ

−
ρ

ρ−
−

ρ
απ

2
-11

00

2

0

0

-1

21

212

0

21

ccs2

2

22

0
21

2

221/222

0

1/222

-1/2222

1/22222

0

1/222

1/2222

0

0

1/222

π

ρ

ρ

































-ii

aa

aa

a

aa

φφ

hPijhPklmEnjoijpcq%ijr3sEt%u.v_o+wxyIkz{|is}zsc~Xu}ztMv_sc{|o3wxy�kl�� ~MsE�3mcsEk��� �



¨

,
)+(14

3
=

¨

.=

,
)+(14

3
=

0.

¨

(3.5.10)

.+
)+(14

3
=

,
)+(14

3
)(

)+(1

))tanh(4+(1
+)+(

8

1
=

(3.5.9)

.
)cosh(

4
+

)tanh(3

)+(14
=,

)sinh(
4=

190

 !"#$  %&'()*+,'(-./012%& & -30145 $26 -78(9:;<125!$  */=>$ 3,-. &?@'A9:;<125
30145 $26 -B &12C) " 3%&'(D " 30 6E$2FG 6 'ACH)%&%&>I51$2J 14)&/K(+L8A?@/=>I5M / "#$ K( &5N@O

O"#$  %&'()*+,'(-./012%& & -P
%&'()*+,'(-./012%& &1 O12? " )&14+,12CH12;<14%& &1/= &%&145&% " 1Q '(5&30 6 1) " /,8()&+ "E$26 +L'(% $26 - " C O

8()&+R8(?@ &C &S "#6 + " )&%&>IC6 +L'(% $ -B12+ $ '(/=T(% "$%&% " CU81$2J 14)&/G 6 'ACH)*8 !K(+L8A?@/ " CH8
)&/ "E$ K " CU8K)&+, */ "#V 12%"#$  "#6 % "#$  6 12/=TA% "C " CH14% 6W )&+ " K( &30>I-B'(9:;< &5X O

P
G 6 'ACH)&' O%&'(KA/ " %&')&+,143 "#6 -.+,'(;<14%& F

30/ F%*8 V %&>I5C " CH14% 6 !" )&+ " K( &3,>I-.'(9:;< &5%&'(5*30 6 1Y !SZ'A30'([, 8 $ / " -B F DM +, \ O

) " / "#V  6 14/=T(%&>I5 O
8(? " /[ 6E"] 'AC^1 6 T 6 1 !O"#$  "#6 % "#$  6 12/=TA% "%&'(KA/ " % " C$P

OG 6 'ACH)&'%&'(KA/ " %&'8(? " /Q '(5&30 6 1O%&'()*+,'(-./012%& & -
)&+, */ "#V 12%*'$  */='_ 30-B &?@'(9:;<' F) " /,8()&+ "E$26 +L'(% $26 - " C8()&+R8(?@ &C &S "#6 + " )&%&>IC

6 +L'(% $ -B12+ $ '(/=T(% "$%&%&>I51$2J 14)&/+,'(3, *8 $ 'G 6 'ACH)K(+L8A?@/=>I5M / "#$ K( &5Y`O

) " /,8()&+ "E$26 +L'(% $26 - " C O8()&+R8(?@ &C G 6 'ACH) " CCH1 V 3L86 +L12%& FK " %&12[,% " ? "
$ /,8([,'(1-CH1 $46#" &CH121 6$  6 8(' J  F'(%&'A/ " ?@ *[,%&' F[ 6E"aEObYEYcd !e $ 12K J  F30'(/0121
8(-B &30 &Cf >)&+, */ "#V 12% " O%&1C " CH14% 6 '" )&+ " K( &3,>I-.'(9:;<12? "%& &KA'(K " ? "K " ?@30'30' V 1
G 6 'ACH) !%&'(KA/ " % F 1 6" [L12+,1430T !$ - " 9-$  */=' !_ 30-B &?@'(9:;<' F$  */=> O$ 3,-. &?@'A9:;<125

"#6E$ 8 6E$26 -B F$ /,8([,'(1-30' V 1G 6 'ACH)&' !)&14+,12CH12;<14%& &1/= &%&145&% " 1-.>ISg>I-.'(1 6
C " CH14% 6" )&+ " K( &3,>I-.'(9:;< &5[ 6E"SZ'ACH1 6  6 T !_ /=143,8(1 6%&'(Gh *D O"#6"#6 /= &[,%&>I1
SZ%*'(K " - !)&+,'A-. &/=' $ ) " /=T(S " -B'(/) " D "#V 1K "E6#" +,>I5e YZiEjBkEd !lmn / F %&30'+,14Sg8(/0T 6 ' 6 '(CH 

$SZ%*'(K " - d%&14K "#6#" +,>IDe K(+ " CH1$2" ?@/=' $ 8(9 6#$4FeoX O aEObYgpEdn " +LCU8(/=> &S "#6 + " )& & !$ /,8([,'(1q

G 6 'ACH)&')&14+,12CH12;<14%& F" )&+L123014/= 6 T%&'(C) " Sg- "EF 1 6eoX O aEO i.d eoX O aEO rBdq >I+,' V 12%& F

) " /,8([, &CCH>-.>I[L $ /=14%& &5 !- $ 12D-.>I) " /=%&14%& FM "#$ /=1

stuvw4x7u

stuvw4x7u

stuvw4x7u

OxT

OyM
a

H
u

u

OxM

TaM

OxT
a

H

Oy

Tz

a

a

M
T

a

H

M
a

H
TGGGG

a
u

A
a

H

a
M

a
AT

θ
α

γγ√θ−

θ
αδ

δ
≥

γγ√θ
−

θ
αδ

θ
α−−

θθ
θπθπ

θπ
θπ

θπ
θθδ

γγ
α

θπ
θπ

22

21

22

21
22

22212

2

210

22223

21

2













y2z{|}z~�&��,� z~�t�h�*�t�h��{���=��z~�t�I�h��&�~�:�~�(�t�h���L� z~�Rz

�R� ��h�m�=�R�v�m�7�m�m�



191

,sin)+(+
)(

)d(
)(=)(

,)e(+)(=),(

.cos4+

)()(

)d()(

)(

d8
=),(

.cos
)(

)d(
)cosh(

1+

d
)(

)(+)(

)+(1

)cosh(3
=),(

.cos
)(

)d(

)cosh(

1
)tanh(4+

d
)(

)(+)(
)cosh(4

=),(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$
%

&'()*+,-#.*/0$1'(2(3
456 ',7*802(9:#$1-#$;<=>?@)ABC+()DE'($+($1-#$;BC$;FG$1'(2($?@)A'( !$;',802()*HIJ*',K@$LMN -#)A<O2(?@$P &

%

&'()*+,-#.*/0$1'(2(3
456 ',7*802(9:#$1-#$;<=>?@)ABC+()DE'($+($1-#$;BC$;FG$1'(2($'(K@-QBC)*HIJ*'(KR$LMN -#)A<O2(?@$S &

%

&BCK@BC$1'(?
K@+(-QK@7*2(" N DE)*9TFG2(32U 2,H NU "#DE2( !)A9TF 6 9:#$1-#$;<V<O)A"W)*:#$DK@?RDE$;?LMN -#)A<O2(?@$X &

%

=>?@)ABC+() &DE'($+($1-#$;BC$;FG$1'(2(.
'(K@-QBC)*HIJ*' N $Y )*3("W2,?@$&K U 2K@?R'(K U 2,?@$;HIJA'(KBCK@BC$1'(?K@+(-QK@7*2(" N DE)*9TFG2(3

Z[\]^1_`\

Z[\]^1_`\

Z[\]^1_`\

Z[\]^1_`\

a
DGG

x

xxf
GGu

uuu

f

u

a
DH

xtta

ttfxa

x

xxH
w

f

w

x

xxxY

a
T

H

x
x

xaxYxYx
T

a

M

a

H
w

M

T

x

xxxY
a

HA

x
x

xaxYxYx
w

OyM

)
ρ

(π
−ργγ

α−πρ

ρρφρ

φ
ρ

απ

−−
−

−ρρ
φρ

φ
−ρθπ

θπ−
ρ
α

−ρ

θ
−

γγ√θθρπ
θπα−φρ

φ
−ρ

−
θπ

θπ
ρ

θππ

−ρ

θ

ρπ
θπδ−φρ

-1
211/222

0
21

210

2
20

221/222

1/222

0

1/222

2

0

1/222

s

0

1/222

sc
2

0
21

22

1/222

s

0

1/222

sc
2

0











































a

i

aa

a

a

a

a

φ

abcdabefgAhdicdj!klcdm1nAolp,qOi;r5s0etuvcnwtn!xRpwtoEqOn!uvi1r5syefz{ xEnA|1g!nAe}~� �



1;),(=
)d(

2+

d
)(

)(]21)[(2+)(

)(

d2

0.),(=d)(
2

d
)(

)(]+1)(2[2+)(

)(

d2

¨

.)()+(+

]})()[()d{(2
1

=)(

192

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$

 !"#$

%&'( #)'(*+,-./0123456*+789('(:4'; 9(78< !"#$=>5?3>%&9(,@9('($'(9(0A,-125?3>"#B>9(CD,EFG 9(7A%&9(CD,
9('(HI,JKL(56,@ G 0A3>%&"#,@9(7123456*+789('(:4'; 9(78< !"#$56,@MN,-9('(,O 78P?9(78,Q =>5?B>,RK
56$> 6C%563>ST"#78HU,-9(CV CD0AB*+781A=>0SW34 !3>P6'L(3>5?3>*+,-0A56C% G ,P60A7L(56,@ !L(78"!3>123>,@*+X
Y C%&5?,-*+$?K9(3 G 0878$4Z[,-,%9(,@'(SW%&, G 0A9(756,@MN,-9('(,O 78P?9(78,

\ K]^_K `RabKcb\ K]^_K d% !3>9eC=>5?3>%&9(,@9('($'(9(0A,-125?3>"#B>9(CD,7 G 9(78%&9eCD,'cb\ K]^_K]^TafX= G "#78%R'($>*+'
125?3>9('(P69(CD*+'G\ K]^TXG ,@:>gI'('% !3>9e3SW34 !3>P6'h 0A78<i 785?*j=>"#'(567A%&:>3E V Z[3>$

MN0834*+L(78*[K:>5?=412"#CD*9(9(CD*,G gI,@L("L("#7 G :>'(*GL(78"6=>L(567 G 085?3>9 G 0A%&3>X
'(ST7808567AL(9(78187085?3>9 G %R,-5 G 3>"#B>9e7%&9e=40856'087AP6:>,9(,@:>78087A5678<%L(56'e"#78HI,-9e9(78<

G 'e"#CDXG 7 G 56,@ !780A78P6,-9e9(78<L(567A'(SW%R78"#B>9e78<%&ST3>'(*+78 6,-< G 08%&'(,k G-G "#,- 6=4<(08,l K

mnoWp(qrstuv qwx>y#z6{|o?}~

nFH

x

xnnGG

x

xx

nF
H

x

xnnGxG

x

xx

n

n

aDaGG

xxaxxfHu

≥ρ
ρ

ρρσ
ραπ

ρ
−ρρ

ρτ−ρ−ρτρ

−ρρ

≥ρρρρσ
ρ

απ−

ρ
−ρρ

ρτ−ρρτ

−ρρ

−

−ρπ

−ρ−−απ
ρ

ρ

�J�(�I�(�I��4���2�r�(�D�/�(��!�4�D�!�?�D�(��?�/�e�#�U�4�D�/�(�� �2�#�2�4�4�/�����2�#�U�D�U�D�(��6� �

-n+1

0

n-1

00-n
n-1

01/22

0

2

0

n

0n+1
2

0

2
20-n+10

2
1

1/222

2n-2

0

n-1

n+100

n+1
0n

0

n+1

01/22

0

2

0

n

0-n+1
22

20n+1
2

1

1/222

2n

0

n+1

1/222
21

1/2221/222

0

22

ρ

ρ

ρ

ρ









a

x

a

x

a

a

�-�������(��6� ��� �N�e� ¡N¢£�¤w¢#¥r��� �D¡N¢¦(£��/¦�§>� ¡N¢¨�?© ��§ª�



193

1.

0)=(

(3.6.2)

.d
)(

)e(+)e(

)(

d
4

)d(
e2+)e(+)e(=})e({

,d
)(

)(]21)[(2+)(

)(

d
2

)d(
2)(=)(

,d
)(

)(]+1)(2[2+)(

)(

d
2)(=)(

(3.6.1)0.

)},({e=d
)(

)e(+)e(

)(

d4
+

)d(
ed)(

e
2

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&#'()*)+,'-.#'/0*)123452()678()#  29:;:9 !"678<49=> 12?@34#'()*)#$A<49 , ; *)B:(.C ;:9> 6 ; 5A 9:D # ;
E ;:99:< ( 9 ! 9=< ()67#FGHIJ G K:GLMNOC2!P12?@()#$()*)Q< ?F1-)#$!"?@67#R";=99:>=S ( 9 , ; *)T- 9:; #'!"*> #$U

-)!"# < - 9 3 9:D * ; 5A 9:D #$AV 6< 3WQ* S # ; ,'QX #'%&#$()*)#U < #','5YG9:> ,$C D0< 12# ; ,'Q()#
*J G Z,'#  /0*)*?< # ; 123WQ[8?!"12,$,'A 9:; !"#'(> 673,'*.A\A]# ; !"*)*9 ,$#'? 9 +^ 34C R 12+

*)A]#'(.( 9 T1C2,$3 9 ?F*)+)TB_!P12()* R ()678*)U*)UN?@#', ; ()6R 12, ; *-)!"1[?@67#` < #$,'5
< 3WQ

n

n

xxx

x
H

Hww

x

nxnGxG

xx

x

HuF

x

nxnGG

xx

x
uF

n

xx

xxH

H

≥

ρρ
ρ−

ρσρσ

ρ−
ρ−

ρ

ρρτ
ρℜαπρρρΦℜ

ρρ
ρ−

ρτρ−−ρτ

ρ−
ρ−

ρ

ρρσ
ραπ−ρρ

ρρ
ρ−

ρτρ−ρτρ

ρ−
ρ−ρρ

≥

ρΦℜρ
−ρρ

ρσρσ

−ρρ

ρ

ρρτ
ρ−ρρρτ

ρ
ℜαπ

00

n+1

1/2

0

22

0-n0n

1/222n2

n

0

n

00n+1
n

-nnn

00

n

1/2

0

22

0n+1
22

20-n+1
2

1

1/2222n

n-1

0

n-1

00-n
n-1

-n+1-n+1

00

n

1/2

0

22

0-n+10

22
20n+10

2
1

1/2222n+2

n+1
n+1n+1

n01/22

0

2

0

n-1

0n0-n

1/222

2n

0

n

0

n

00n+1
n

00

n
0-n+1

0

n

ρ

ρ

ρ

















-inin

a

x

a

a

in-ininin

a

x

a

a

a

x

a

in

in-in

x

a

a

in
-in

φφ∞

∞

φφφφ

∞

∞

∞

φ

φφ

φ
φ

abc'd@c$eFcfghijklWc'm_m_c'nopfgm_opqrm_c'nqrm:s'tpuFjgm_m_n$nv jkopfgjkfgw_hihijgtpuFw_eFm_c'nxyz {



¨

(3.6.3)

.
)(

d2
+

)(

d)(
)(

d
1)(2+

)(

)d(

d

d
=

)(

d1

d

d
+

)(

d)(

d

d
d

1

d

d
=)(

;
)(

+
)(

d)(

d

d
=)(

;)d(
)(

]21)[(2

d

d1
=

)(

)(d
1

=)(=)(

¨

.

194

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'$%(#)*+,-'./-'0123 $4(5,)67896(8:#2-'+;"8<!.!</=6012$>+3 (> 0? =6+;<!@!=A(8BC</$%(8-'&D:82
-'&'EF+;5,)*+ 3 78GHIJ&'2K< ? =A+ 3 +;)*+,-'&DGLM? < 3 )*+,EF(#IN& > &? <!5;.!<!:#-'-'0 > &:8$4)*:8GH.!5;:

O&-'( ? =6:8EF+;-'&'P OQ 78-D"8RF&'&"8< >S? )*+,"85;-'01+-'+;&'BC$%+;5,./-'01+? <!"#(T 3 +;5,U

$%& 3*V& > +,+;.< 3 -'<!=6< 3 -'01+ O$-'-'0 > &+? =6+;$%=6(#I
78=A(8$%-'+;-'&': > &3 $W7 > :? +;=6$%0 > &5XYZ M [!M\]^_ O5,&D5,.!+ > 0=6+;`a+,-'&'+96./<b <!)*</EF& > O

5,)c<!EF-'<!PdM@!</)*+,+XYZ M [!M\]^_78=A(8$%-'+;-'&':.!=A+,.!U8+;ef<
96(85;.!U? =6(#$478G5 3 +,)*(8+;.? =6</RF+ 3 7#=6( !./(g <!-D+,96-'< Oh M [!M5,+;"8RF&'&=6+;B^78)cU8.!(8./<!$

&'B? <!)67896+;-'0@!01./U> <!e/78.XYZ M [!M\]^_ O78=A(8$%-'+;-'&'P3 $W782? +;=6$%01296(85;.!: >? =6(#$%0 >
7 3 </$%)*+;.!$%</=6:8GHIJ&'+=6+;`a+,-'&': O5 ? +,RF&'(8)cU8-'01+i .!&&? (8=A( > +,./+,=6( >

DCf

ta

ttn

a
D

tttf
yy

y
n

tt

ttf
C

ta

tt
D

yt

tttf

y
yyC

a

D

t

tttf
C

ttf
t

tnnt

t

tft

−ρρ−
ρ−

ρ−
−

ρ−ρ
ρ−

−ρρ
ρ

−ρρ
ρρτ

ρ−

ρ

ρ−ρ
ρ−ρτ

−ρ
−ρ−

ρρ
−

−ρρ
ρσρσ

ττ

nn

1/222

2n-1

n+11/222

n-1

n

2n-2
n1/2222n1/222

n
n

1/222

2n-1

2n

n
n

1/222

n
2n-2

2n

n
n+1

1/222

n-1
n

1/222

n
n-2

-n+1

n1/222

222n-2

0

n+1

1/222

n
2n-1

0

n-nn

n+1-n+1

ρ

ρρ

ρ

ρ

ρ

ρ

ρ































a

y

aaa

a

y

aa

a

j,kdlmkno'pq6r knsLpaoDsLtauvdwxu*yzknsLs1tau{'vnsH{n|8sLtau}qA~ kn|�k



195

(3.6.10).+)(
2
=)d(

)(

21)(2

(3.6.9),+)(
2
=

)(

)d(

(3.6.8).=

(3.6.7).d)(
1)(2

=

(3.6.6)

0,=d)(
2

)d(
)(

]1)(2[2
)(

¨

(3.6.5)

.
2

d)(
12

+
)(

2
=

)(

)d(

(3.6.4)

,
2
+

)d()(

2
=

)(

)d(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$ %&$'()*!+,-./0-12345634745128#9&.:9&5129 !"#$ %&$ ";*<49&=:>?8&0@349&12A@7<4.:9#BC5?=:,@.:5
A9&8#349&>?D@EF745?>6D.:56G),-HIJ-8&0-8#K<4.:9#LM5?NO,-8#9&P:34KQ53456A-9&8&9#.:KQ5<4.:56=I>?8#0-12HR5634KS 74NC5

5?>6HR78&9#NC=I5?>68&129#LMT5?U&9=I56HR0-5?8
 !"#$ %&$ %2*1 !"#$ %&$ ";*12KQ./0-NC5?347VD<456.:129&U&9<49&=:>?8&0@349&12A@0P:8#9<4.:9#125?./748&J-THR56UWA-9X 5?<V5?.:J

>?<V.:0-1256=IHR741;9 +,->6HR9&1;745>?HI5?=:,-YZEF7455?>6HR7

8 +5=I0 !"#$ %&$'()*,-./0-12345634745<456.:129&51 !"#$ %&$ [;*7 !"#$ %&$ \#*] 9&=I>68&0-3V9&12A-0

 !"#$ %&$'()*!+,-./0-12345634745
<456.:129&51 !"#$ %&$ ";*<49&=:>?8&0@349&12A@5A9&8#349&>?D@EF745?>6D.:56G),-HIJ-8&0-8#K<4.:9#LM5?NO,-8#9&P:34KQ5

3456A-9&8&9#.:KQ512340@P:0-HR5<4.:56=I>?8#0-12HRD@5?L^ K !"#$ %&$'()*!$,-./0-1234563474D9&>6349&123VKQ51
<49&=:>?8&0@349&12A@7<4.:9#BC5?=:,@.:K,-=I9#_&>?8#120=IHRD<40-./0-LM5?8#.:0-T>?0@LM9&UW9NC58&9#UW912KQ./0-NC5?347VD

DxfC
x

xnn

DxfC
x

C

tttf
a

Cn
D

H
xxf

x

nxnxC
GG

D
x

a
tttf

x

n

x

xf

x

C

x

D
axt

ttf

x

xf

x

C

x

−πρρτ
−ρρ

−ρ−

π
−ρρ

ρρτ

γγ
α

−

ρρρσ
ρ

απ−
−ρ

ρ−−
ρ
π−

π−−π
−ρρ

ρρτ

π−π
−ρρ

ρρτ

nn00n+11/22

0

2

0

n

2

0

2

nn1/22

0

2

0

n-2

00-n+1

21

2n-2
n

0

2n-1n

00

n+1
0n

0

n+1n1/222

222n-2

0

n+121

n2n+1

2n-1
2n-2

n2n

n

1/22

0

2

0

n

00n+1

n2

nn

1/22

0

2

0

n

00-n+1

ρρ

























x

a

x

a

a

x

a

x

a

x

a

x

a

`ab?c2b6d;befgOhijRb?kWkWb?lmnefkWmnopkWb?lopk&q?rns;hfkWkWl6lt himnefhiefuWgOgOhfrns;uWd;kWb?lvwx y



)(

,

.
+1)()(

+1/2)(1/2)(1
=),(

),,(

¨),(

(3.6.13)

).(d
|)()(|

||
ln),(+

),()()(=
)(

)(d

)(

d

,

(3.6.12)0.=
)(

d
)(

2
+

)(2

1/2)(
)+(

(3.6.11)

0.=
)d(

2+
)(

d])+(+)()([

¨

196

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$ !$%& !'(%)%#"*+, & ( &-. */0()%1& *+2 .3456 #"13#& 132785* 4 (%09$ !
$%& !'85(%:;:;* & */)%<=( &>. *+0)%1?@A'B C"BDE7F.3& 13GH)%*+)%(%I# & */# 6 *+,J!K/#'! & !')%L!"M'*N 0O)%!"P=(%0

*/K+# 6>Q
8 4 IGHL & 13PR*/)%(;*S GH)%LT*BU 13K+#")%!',J!4VW M'!",J!8 4 IK $ !"K/!'M"!"0X 4 */0O*/)%#'1 & )%LT0

GHL U (%K 4 *+)M"LT# 60O!"PR*+#!")8 4 IGHL & 13PR*/)%(;II3GY)%LT*)%1 $ (%K/13# 60O!"PR*+0
)%*0OLZ !"#"IB(K/#'* $ *+)%*/[!"# & (%<R13#'* 4V6 );LT\#")%LT\*U$ ! 4 (%)%!"0] 85*+K 6

$%& *+!"M & 132^!'GH13)%(;* QK 4 */8 .3W_` (%*# & */M . */#?@A'B C"BDE7F.3& 13GH)%*+)%(%*# & */# 6 *G?@A'B C"B AYF a !"85K+#"13);!"GHb31?@A'B C"BDE7F@B.3& 13GH)%*+)%(%I85GY1$ * & GHLT*. 85!'G 4 *+#"GH! & ( 4 (0OLc * $ * &d6
?@A'B C"BDE7e'F@B.3& 13GH)%*+)%(%I(%)%#'*/, & 1 4V6 )%!',J!K/(;)%, .34 I & )%!","!

& *+fg*/)%( W!"8d)%! & !'85)%!"0 .K/!'!"#"GY*/#"K+#"G .hW_` 13I8 4 IGHL & 13PR*/)%(;(G$ !"IhGH(%#'K/I $ !"K+#"!"Ih)%)%13I85!'M"13GH! U )%13IU #'!$ !"#'!"0 .#"1hb 9)%*X"#'!U #'!A'B C"BDE7eHF? K/0O!"# & (851 4 */* $ !"bh13PR*/0i L$%& !'#"(%GH! & * U (%GHLT0O( B$ !"bh132^1h# 6 K+I0O!", . #?@A'B C"BDE7j'F(?@A'B C"B k'FN K 4 !"GH(%I

. K 4 !"GY( W85!'M"13GH! U )%!"0 .(?@A'B C"B lYFM 4 13,J!"8d1 & I. 85!'G 4 *+#"GH! & I3*+#"K/I 9
& 13GY*/)%K+#"GH!U #'!$ !"bh132^LTGY13*/# 9?@A'B C"BDE'E7FG?@A'B C"B AYFGHL & 13PR*/)%(;I$ * & GH!","!a !"85K+#"13);!"GHb31

# Q*851
?@A'B C"BDE7F.3& 13GH)%*+)%(%*GH#'! & !"*GH!?@A'B C"BDE7 'F(?@A'B C"B mHFa !"85K+#"13);!"GHb31n A'B A'Bn $%$ *+)%85(%b3K+1 (%2:;! & 0 .34 L!"M ` (%*)%*+b3!"#"! & LT*$%& *+!"M & 132^!'GH13)%(;I3\G(%K $ ! 4V6 27!"GY1 4 (i L

r

t

x

kkn

kkn

tx
tx

n

txQ

txtxQ

tft
taxxat

xta
tx

txQtaxa
t

tft

x

f

xa

xx
xf

a

H
D

n

n
GG

H
x

xxDGGxfGGC

ρρ−ρρ
ρ

Γ−Γ
Γ−−Γ

π
ψ

ψ

−−−
−ψ

−−
−ρ−ρρ

ρ

−
α

Γ
−Γπ√

ρ

ρρσ
ραπ

−ρ

−

ρ
π

1/2222n-2

n

2k

2n-1n

n

n

n

n
2n-1

1/2221/222

1/222

n

n
1/2221/222

0

1/22

0

2

n
2n-1

0

0

1/22

0

2

0

2n-1

0

n

1/222

2n-2

n

0

2n-2n21

0

n-1

00-n
n-1

1/222

2n-2
n21n21

0

n-1

ρ

ρ

ρ













a

x

a

a

a

k=0

n-1

o/pqrsptu%vwdx ptyzvgu;yz{g|}q~�|V��ptyzyT{g|�%}ty_�t�3yz{g|�w>� pt�-p

Σ



197

(3.6.17)).(+
d)()(

)(+

)d()(
)()(cosh

4
=)(

(3.6.16).;+
2

3
;
2

1
,+2

)(

1/2)(
=),,(

(3.6.15)

),(d))(,,(
)()(

d

)(

d2

)(d),()(
)(

d)(

d

d

)(

d2

)]([
d

d

)(

d

4

1
=)(

(3.6.14)

).(=
)d(

))((

)d(
)(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'$()*+*$%,-./#)*-."#-0/1)*-.$!(-02.-.34 "#$%/1!(506  789: $(5;<=0> ?.>@ABC0D E#8 $%)F -.! 8 $(/1)G+*3

$(!%5.HIJ
"#$%&'$()*+*$$(K.-+=0> L ,!($%MNOP+*+ "#$%&'$()*-2.Q 8 -;<=0> ?.>@ABR0DS "I6  )*$%)*+*$T )*5.$%KU"#6 8 HN)*-.$

>89V 20-.KU-/ 89:W S )GMNOP+ :NXY 8 $(Z[$()*506N"#)*Q X  Q E +*! 8 $%)*Q2.Q\50HZ[-.K S 5
;<=0> ?.>@A]^_D: /1"I6E 6N!%5.+ Q\"I-.`P/1$%)*)*-.3 +4 -+*)*50$(KU"I6 8 Q !%$E 50-+4 - 8 +*)*-.Z[,

W 6NMa5.+ E $%!(MN+G,$(!%5.HN,;<=0> ?.>@Ab?7D W S )GMNOP+ :KU+ 4 $("#KU$%-.Z[$(50"#+ E $%!(MN6 :E 50-c 6aZd$%5.+*Z[,

!

c /1$%!(H

 +*/9J4 "#+G)*+*Z[6N$(5
e $(f SN8 Ha5.6N5 Q\"I-.`P/1$%)*) SNV >+!(+G)*K SN89: "#) SNVE 6N!%5.+gJ/  $)*6S "I6  )*$%)*+ :

+*)*50$(KU"I6 8 HN)*-0KU-: /1"I-"#6NfB/1$ 8 +*5.H)*6NZ4 -.f  - 89: $(54 "#-0OP$(/ S "#6h 5.6>/1-

A

tYA
tr

rrrYr
tY

tr

rrYr
ttYttf

n

x

t

x
knknF

tkn

kn
txq

tfttatxq
xax

x

rr

tfttxQta
x

xxax

rr

rHr
r

r
t

ttf

tart

ttf
ra

r

−

χ

−

χ
θπ

π
−

ρ

)−−(ρ
−Γ
−−Γρ

−ρ
−−ρρ−ρ

ρ
π

−

−
−ρ
−

ρρ−ρ
ρ

π
−

ρΦρ
ρρ−ρ

ρ
π

χ

χ
ρ−γγ

α−
−−

−

n

cn22

sn

0

s

22

cn

0

c
2

2n

2

22k

n

n
2n-21/222

n

0

1/2221/222

0

1/2222n-2

0

3/2

n
2n-1

n
1/222

0

1/222

1/222n2

0

1/2222n-2

0

n
n

1/2222n-2

0

n

n22

n

0
21

2

1/22222

n

0

1/222

ρ

ρ













a

a

ar

ar

r

aa

k=0

n-2

ijk(l7k%m_knopqrst9k(uUuUk(vwxnouUwxybuUk(vybu.z({x|_rouUuUv%v} rswxnorsno~Upqpqro{x|_~Um_uUk(v�]� �

Σ



,
)(

)d(

d

d
=)(,

)(

d)(

d

d1
=)(

0,=

(3.6.18)

.
)()(

d

)(

4
=)(

1;,=0;0,=)(

.>0,=,0)/()(=

;=0,=

).>(

0=,=

0.

¨

¨

198

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'(%)*+!,-./ ,0123
45"#62&'17 )*89&'$:3'1#;'12,< $:)=>%&'?@ABC!)< $%&'(%;')" < ) < CD454E)*1 7 CD(%+!"#4FG8H+D;'(%)=+DC!I

<  D)=JKC!LDC!(M) <=N C!O+!) N "#1#" 7 ,0O>:$PQ7 )*RS)=+!C!)Q'TU+!,0)1#)* !) 7 3 7 )*> < 12;'TV$PQW)=4X ,

>:$PQ>:$PQ

>:;'?@1Y.& < $P"#TUC!QZ 7 ;W+!C!(%+!,0)

>:$PQ

>:$PQ

8H;W !C < ;W+!,-./ ,012345"#62&'1& < $P"#TUC!Q6 7 ;'+!C!(%+!,0)" / 7 ;'89"#45[\ ; N C!4
1#"2( N )T 7 CD$P"#]K)=+D;< CD$P;(%12"" / AB+!" < 12C![ !"#12) 7 C/ )*8 7 )*>: !"#$:"#]KC!1#3W[

45"#]K)*4X , !"#$%&' 7 " < 1 7 ;'+ < 12TV"#4&' 7 &'6YC!4C!89"#1 7 "2 !+!,041 7 ;'+ < TU) 7%< ;'$P3'+D"
<+!+!"26Y")< JK)* !$[7 ;'>%CD& < ;RS1#;W45 !;N'7 &W6Y$P"26Y" !$P" <=N "26Y"TV+!) 7 CD$P"#]K)=+D+!"#I
[+!;'6 7 &'8 N C< " <=7 )*>:"#12"#(%)=+D+!"#I+!" 7 45;'$P3'+!"2I>:)*I < 1#TUC!)^ ; <*< 45"#1 7 C!4

G<&'TU)=$PC!(MC!TV;')*1 < QN "21#" 7 ,0O !" 7 Q'>:" N
& 7 ;'TV+!)*+!C!I![;'$P6#) / 7 ;'C!(%) <=N C!O$PC!+!)*I!+!,0O< C < 1#)*45,7 )*RS)=+!C!Q+!)*" / OD"2>:C!45" < 1#3
+!)*>:" < 12;'1#" N .]K)1#"21C!45)=)*1_ LD$PQW+!>:;^ )=RS)*+!C!)X )=(%$P) 7 ;`abcd" N ; G 7 )*" / 7 ;'8H"2TV;'+!CDQ

C!+!12)=6 7 ;'$P3'+!"26Y"45)=12"#>C <  !"#$P3'89"#TU;'$N "21#" 7 ,0IefgHh2iUj2k [_ LD$PQW+!>:"#47 )*RS)=+!;/ ,0$P;
1#)*$P;>:$PQ8H;W>:;'(%;l "#"21#TV)*1 < 12TU&'?@AB;'Q1#)*$P; G7 >:"26Y")1#T

>:$PQ7 )*RS)=+!C!Q> 7 &W6Y"#6#"+!C N ; N "#6#"8H+D;')=4+!)X ,6 7 "#45"#89> N C!4 G
"#(M)=+!36Y; 7 45"#+!C NTV, < RSC!O>:$PQ7 )*RS)=+!C!)1#"2(%+!"#)>:)*$P;'Q" / 7 ;'89"#41#; N C!4

[<&'TU)=$PC!(MC!TV;')*1 < QN "21#" 7 ,0O !" 7 Q'>:" N& 7 ;'TV+!)*+!C!I![;'$P6#) / 7 ;'C!(%) <=N C!O$PC!+!)*I!+!,0O
< C < 1#)*45,7 )*RS)=+!C!Q+!)*" / OD"2>:C!45" < 1#CT8H; N $P?@(%;W)=1 < Q7 )*RS)=+!C!Q+!)*>:" < 12;'1#" Nm < +!"2TV+!"2I

8H; N "#+!(M)=+!+!,04 G< (MC!1#;'123 < Q45"#]K)*17 )*RS)=+!C!)m / AB)*)eno G i G g9p2k GCeno G i G j2k& < $P"#TUC!I
C& 7 ;'TV+!)*+!C!I;'$P6#) / 7 ;'C!(%) <=N C!O$PC!+!)*I!+!,0O< C < 1#)*45,< "2"#1#TU)=1 < 1#TU&W?@AB)=IC!8+!;'ID>:)=+!,

/ ,012345"#62&'1Q'> 7 ;'[(%; < 1#CTV, 7 "#]K>:)*+!+!"#IC!8Hab8H; !"#QWTV$PQW?@1 < QN "21#" 7 ,0)> 7 &W6YC!45C![
C !" < 1#"#QW+!+!"#I<TV45) < 1#)8H+D;'(%)=+DC!)=[q 6Y" !" < 1#"#QW+!+!"#I G 7 "2C!8HTU"#$P3'+D"#IN ;W(%) < 1#TV)

r`stuWv-wduWx!yzuU{tur`stuWv-wduWx!yzuU{tu
v-wd|Myz}=~*��wd}=|2���Wyzu

t

ttf

t

tttf

nn

xbx

xx

b

PH

n
b

PHFnF

abP

awu

ab

b

z

a

P

n

n

D

ρ−ργγ
α−ρτ

−ρρρ
ρσ

−−ρρπ
−ρΦ

≥ρα−≥ρ

ρτρ−φδ−ρδσ

≤ρ

φρ
≥

1/222

0

21
11/222

0

0

0

1/2221/222

n2

0

nn

n

n-1

-n+1n+1

n

ρ

ρ

ρ

a

�=�z�����!��%� �����S�D���S��z���P�������0�S��!���@���'���S���M� ���`�

�5�P���B�U�P 



199

2=

(3.6.20)

.
)cosh(

+)](2)([
)(cosh

=

,
))(tanh(

)+(
+1)(

)cosh(
1=

),(+)(=)(

,
)(

2

)(

d)(
1

d

d
=)(

,
)(

+
)(

d)(

d

d1
=)(

,
)(

)d(

d

d
=)(

1=

(3.6.19).
)()(

d)(
)(+

)()(

)d(
)()(cosh

2
=)(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'$%()*+$%,#-. $/012324 0+567#869
: $/$%;%<=23; : ;%<>2?@A@A$BC

DEF C G!C H/I/JKDEF C G!C H F J<$%LA"#23*+2?0123@AM$ . $%(N@O867P23@OKAQ7P;/$@A86LO$%&'KA@A862?&'RS M

<>KA*1-KA&'23TU;*+01QV 23(W5601XB;%86;%M

n

I

DbIabI
ab

P
A

GG

GG
bI

ab

P
D

tYAtf
b

t
tf

a

a
D

t

tttf

a

D

t

tttf

t

ttf

n

trrb

rrrY
tY

trrb

rrY
ttYPtf

γγ√
θπ

θπθ−
θπ

θπ−

−θπ

θπ

θπ
θπ−

γγ√π
θ−

ρ−ρ
ρ−−

ρ−ρρ
ρ

γγ
α−ρτ

ρ−ρ−ρργγ
α−ρτ

−ρρ
ρσ

−−

−−
θπ

π

c,s

211cs3

2

1

-1

21

21

s

21

1

c101

1/2222

22

11/222

1

2
21

2

1/222

1

1/222

1

21
0

1/222

1

0

1

221/222

s

0

s

221/222

c

0

c
2

30

ρ

ρ

ρ

























a

a

a

a

YZ[3\>[?]=[^W_`abc1[3d!d![3efg^Wd!fghNd![3ehNd%i3jgk=aWd!d!e?el abfg^Wab^Wm!_`_`aWjgk=m!]=d![3enop q



4

1
+

)(4

)+(3
++

2
2=

,
)sinh(

)2+(14

2

)cosh(
=

,
)(3sinh

))cosh(4+(12

3

21

)sinh(
+

3
=

.)d(
)(

2
=

.)(
1

)(
2)2coth(

+)(+

d)()(
)(+

)d()(
)()(cosh

4
=)(

,)(
3

+2
+d)(

)(

21

d

d
=)(

,)(
)(

d)(

d

d
=)(

),)d(
)(

34

d

d1
=)(

200

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'() !*+,-./01.2%3'456+78* !98$:1.201;/<1.=8>98 !-;?! !@A=8=8>B1C -.1

@'20$:&:,D &'-;?!7E >B$: !FG201;=8=8 !H-. # !? E 1.?!-;? E 3A1.?I  !-;?! !@A=8=8&'@

L
GGa

GG
LL

b

Pa
B

BL
a

A

a
B

a
AL

a
D

ttf
ta

at
B

B

BtY
t

tY
aa

tYA

tr

rrrYr
tY

tr

rrYr
ttYttf

a
a

Dtttf
t

t

aD
t

tttf

ttft
t

t

θ−
−

π

π
θ

θπ
θθ−

θπ
θπ

θπ
θπθθ−θ−

θπ
θπ

γγ
α

−
−

−θ
π

θπ

−

χ

−

χ
θπ

π
−

ρ−ρ
ρ−

−ρ
γγ

α
ρρ

ρρτ

ρ−−
ρ−γγ

α−
ρ

ρτ

−ρ
ρ−

ρρ
ρσ

2
3

21

21

122

2
2

2

2

23222

2

22

2

23

213
21

2

21/222

22

0

2

2scc2

22

s2

0

s22

c2

0

c
2

22

1/222
22

221/222

22

21
4

2
3

1/222
21/222

2

21
-1

2
2

1/222

22

0

32

ρ

ρ

ρ


























































a

aa

a

a

J

K.LMNOLPQ8RS%T LPUVRWQXUVYWZ[M\]Z<^_LPUVUBYWZ`8[PU5`Pa'UVYWZbS:c LPadL



201

,
)(

d)(
2=d)(2=

,+)d(2=d)(2=

.
)(+

1
+

)(

1

2
=)(

,)d()](2+)()2[()cosh(
4
=

,)d()(+)(
2

+
4

1
)cosh(

4
=

,)d()()(2+

)(
3

21
+2

)sinh(

)(2cosh
=

,
))(tanh(

)+)(+(1
+1

)sinh(
)2(1

)4(

)+(
+

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'&!()*+,%- + -  !./ !*0123+145&!$6&! !7
8!()"#(9:; 8!2< 0 ,6- +1&!(945=>$6&!(?)@ -9A"#()BC$ -,  '=>()7,45DE+1 !"#()( - &!(9FG$%&! !$HIJ K
( ,  ( - &!( ,  - $%= A &!("#()"#$6& - ()"()8!23().1 !L @ 45+1MN:; !" *( ,  &!+18'2<+145=O$%&! ! 

( - 2< !PC+ - $%= A &'()"4LO$67 ,%- 4Q01MN:;$%7*,  '=>()7, L<45 !RS+/MN:;$%7*,  '=>()7&!()23"#+1= A &!(97
&!+1R)2301BC$6&?)@ -9ALO(9=>BC$%&F - +/"#88!$62<$%"#$%:;$6&! !T1*&'01=O$%4 @ $( ? $ , 8'$%U< -9AV - ( ?)@

ta

tttf
N

aDttfT

P

OyMOx

TN

rbbrbb

P
r

rrrarYrYarL

rrrarYrY
r

aL

rrrYrar

rYaraL

GG

GG

GG

GG

−
πρρρσπ

γγ
απρρρτπ

−−π
−χ

χθθ−θπ
π

χθθ−θπ
π

χ−θ

θ−θ
θππ
θπ

−θπ

θθπ

θπ
θθ−

−

1/222

0

0

0

0

11

0
21

0

0

1/2221/22222

2sc
222

0

3

2sc

2
22

0

2

2s
222

c

2
22

0

2

1

-1

21

21
2

2

21

21


































































aa

aa

a

a

a

WXY%Z5Y6[\Y]^_`abc>Y%dSdSY%efg]^dSfghidSY%ehid)j%kgl\a^dSdSe6em abfg]^ab]^nS_`_`a^kgl\nS[\dSY%eopq r



0.=)(,
)()(

)(
=)(

0.=

.++
)(

)d(
)coth(

2
1

2
=(0)

.
)sinh()]()(+[

)]d(2+)([
)(cosh

=(0)

(3.6.21)

.4+d
)(

)(+)(
)cosh(

4
=

,
)(

)d(
)cosh(

2
=,4=

.)d(
)(

2
2=ddcos])e(+)e([=

202

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$!%&'#()"*+, "-./0&'1  2'-345678./'095678( 1 78.:'109 !%&567;<=>?@&7@9>@9"#3; 2'#A 1 %B % 1 " 1 7;CD4E

F

(?5!'#G!"#>09 !>)$H>?5HI#@97;.J*+, "-./097;.
097;$@9"#0& !K#<=>)@9%9C !"#()09 !>)$H>?56>)@9%9>@9"#C&$H% , >09 !%&.L>) !"#M<=>, 78347'#()567 J %9K#NOP E

F

*+, "-./09" E
Q >?@ ,  !>J@9"#0& !K#<=>)@9%9>(?$ J %934"-RSTU>?>@9"#C&$H% , >09 !%&.L>) !"#M<=>, 78347'#()567 J %9K#NOV E

F

*+, "-./09" EQ >?@ ,  !>J@9"#0& !K#<=>)@9%9>
@97; 2./"#56I#@978>@9"#C&$H% , >V8WXW8Y MZ ( ,  !"-@9% Q "JX[\* >09 !%&.L>) !"'#()567 J %9K#NO]^E

Z_P E `;E V ] Y E%Z_P E a8Eb] W8Y
Z_P E V E cd] Y M%9A7;09 2>?$H>)56>?@ [e [\, I./7;38' ,Af@&"#G!>?@&%9Kg N09>) !>?./>?TU>)@9%9K E'#3;567 J 78>

%@97; 2./"#56I#@978>, "-@934>?@ Q %9"#56I#@&7;>?M%9()0 [\, "#> ,7;@, 7@9"#3; 2'#<=>)@9M@9>*+, "-./0h (?5H%

097;5!'#G!%9. F. [%9@ , >?34 2%9 !7 J "#@9%9K#MO [ 097856@9K#K

ijklm)nok

ijklm)nok

ijklm)nok

bba

abP

A

a

D

xbx

xxY
b

b

P

xbxbb

xxxYxaY

ab

P

Dar
rb

rarYrYr

b

P
M

rb

rrY
P

NaDT

ttf
ta

ta
M

ρτρ
ρ−ρ−

−
π

−ρσ

α

γγ√

θπ

−
θπ

π
−

γγπ
ατ

θπ
θπ−

−−

θ

π
θπσ

γγ√θπ
−

θ
θπ

π

−
θπ

π
−π

−
−πφρφρρσρσ−

n

n

221/222

1/222

2n

21

11

1/222

s

0
21

2

1/2221/222

sc

0

2

2

121
2

1/222

sc
2

0

1/222

c

0

1

11/222

22

0

2
-11

00

2π



















a

a

a

a

a

-ii

a

φφ

p?qrstquv9wx!y quzjw+v&zj{+|}r~�|6��quzjz\{+|�9}uzS�u�#zj{+|�x2� qu��q

��� ��+���6���l���o�����



203

,d
)(

)+(+)())(/(
=)(

.,>

,
)cosh(

)(
)sinh(

=

0=,=

¨

,d
)(

)(+)(

)+(1

)sinh(3
=

,
)(

)d(
)cosh(

1
1

+d
)(

)(+)(

)+(1

)cosh(3
=

.
)(

)d(
)sinh(

=

/2.=,=

¨

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 

!"#$%&'()$*+,-!"."/012 !&3$4+.".5(,-'(,6789:;'<#$*+,6!"!&:;,=>?@)%",-'(,6AB,6CD,-!".")
EF#G!"HI,6!&4+."#$?@J$!&:;,!"#$/&=>."EF,KLMNOPQROPQSTUV2$W ?@XF8Y.")$ZHI'<#$!"."5(!":;ZXF[NCD."Z\ '(.] O

897S#$."AB!"X W EF. OEF,-XF'(,-A 2.KLMNO ^IO _N^NT. W %"XF?@J$7 2 /"EN, 

KLMNO ^IO _N`NTLO8XF%"'<,6=>,-?@,6!"!&:;AW 

abEF#GAB%"# O%",-'(,6AB,6CD,-!".")
3$XNAc%&XF!",6!&E!"XF'<AB#$?@J$!":;/d #$/"=>.&EF,!"#$%&'(#$89?>,6!".". O%"XF?>XF*+."EF,-?@J$!"XNA

8EFXN5(3$,8%"'(.&?@XF*+,6!&#W .&?@#W X W '(,-=>XFENXF5(,6!&!"#$)e #$!"HF,6!"4+.&#$?@J$!"#G)
%"XF? 2 %"'(X W EF'<#$! W EN89XFA O."7SXFEF'(XN%"!":;AEF'<#$! W 8Y,6' W #$?@J$!&XW!"!"XNA 2,W 4+,-%"?V

'(#$=(. 2$W #abEF#GAB% 23$' 2 HI?@XNA 2%"?@X W 3$XNA 23%"'(.&?@XF*+,6!&X!",!"#$HF' 2 7S3$.d ."3$#$3GXF/_IO

OX W .XFEN!"X W .&EF,6?@JG!"X

!"#$%&'(#$89?>,6!".",%"XF?>XF*+."EF,-?@J$!"XNA8 

!"#$%&'(#$89?>,6!".", O
,6HFX.abEF#GAB%"#!"#$3G?@XF!"#2 HFXF?!"#$/&=>."EF,`NVf %"'(#G*+!",6!&.")2$W ?@XF8Y.")$Zgh O

O!"#$%&'(#$89?>,6!".".8

 

!"#$%&'(#$89?>,6!".", O,6HFX.abEF#GAB%"#%",-'(,6AB,6CD,-!".")
3$XNAc%&XF!",6!&EEF#G!"HI,6!&4+."#$?@J$!&:;/!"#$/&=>."EF,`NVf %"'(#G*+!",6!&.")2$W ?@XF8Y.")$Zgi O

KLMNO h O ^1QST.KLMNO ^IO _1QST. W %"XF?@J$7 2 /"EN, 

 

abEF#GAB%"# O%",-'(,6AB,6CD,-!".")3$XNAc%&XF!",6!&E!"XF'<AB#$?@J$!":;/d #$/"=>.&EF,
EFXN5(3$,8%"'(.&?@XF*+,6!&#W .&?@#W X W '(,-=>XFENXF5(,6!&!"#$)d XF'(AB#G?@J$!"#$)
%"XF? 2 %"'(X W EF'<#$! W EN89XFA O."7SXFEF'(XN%"!":;AEF'<#$! W 8Y,6' W #$?@J$!&XW!"!"XNA 2,W 4+,-%"?

jklmn-opl

qrsIntoYl
jklmn-opl

jklmn-opl

jklmn-opl

qrsIntoYl

jklmn-opl

xx
x

DGGxfGG
u

fa

I
a

bI
ab

TH
w

wOx

bT

a

Ox

x
xb

xaxYxxY

ba

PH

Oy
xb

xxxY

a

b
PHx

xb

xaxYxYx

ab

PH
u

u

rb

rrY

a

PH
w

w

bP

a

−ρ

−γγα

ρ
πρ

ρ

θπ
θπ−γγ√

θπ
θπ

φρ

−

θ

θθπ
θπδ

δ

−θπ
θπ−

α
−

θ

θπ
θπα

−θπ
θπ

πφρ

2n-2

1/222

n21n2121

0

n-1-n+1

n

ss21

1/222

s
2

c

0

23

1/222

s

0

1/222

sc
2

0

22

1/222

c

0













a

a

a

a

a

uUv6w9v-xYvyz{|}~�@v6�I�Iv6���yz�I�����Iv6����F�6���Y}z�I�I�-�� }~��yz}~yz�I{|{|}z���Y�IxY�Iv6��R� �



0.),(=d)(
2

d
)(

)(]+1)(2[2+)(

)(

d
2

¨

.
)(

)(d

)(

d

)(

d
e

8
+

}e{
1/2)+(

)(
2=})e(+)e({

.,>

.
)(

)+(+

]})()[()d{(
2
=)(

204

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$

%&'( #)'(*+,-./0123456*+789('(:4'; 9(78< !"#$=>5?3>%&9(,@9('($'(9(0A,-125?3>"#B>9(CD,
EFG 9(7A%&9(CD,9('(HI,JKL(56,@ G 0A3>%&"#,@9(7123456*+789('(:4'; 9(78< !"#$56,@MN,-9('(,O 78P?9(78,

Q =>5?B>,RK56$> 6C%563>ST"#78HU,-9(CV CD0AB*+781A=>0L(3>5?3>*+,-0A56C% G ,P60A7L(56,@ !L(78"!78HI'(*+WX C
Y KZ[\KZ[T]&^_K`aY KZ[\K b=>5?3>%&9(,@9('($>*+''(9(0A,-125?3>"#B>9(CD*+'7 G 9(78%&9cCD*+''`aY KZ[\K d&^eW= G "#78%R'($>*+'

125?3>9('(P69(CD*+'GY KZ[TWG ,@:>fI'('% !3>9c3Sg34 !3>P6'h 785?*i=>"#'(567A%&:>3E V8j 3>$

MN0834*+L(78*kK7 G , G 'c*+*l,@0856'cP69(CD*9(9(CD*,G fI,@L("
G 7G 'c"#C08349(12,-9cfI'(3>"#B>9c78<L(567A'(Sg%R78"#B>9c78<%&ST3>'(*+78 6,-< G 08%&'(,m G-G "#,- 6=4<(08,[T]8K

)
9(3>Lc56$>HI,@9('(<h =>9c:>fI'(<P6,@56,-S%&CD5?3>HI,-9(9cCD, !"#$L(,@56,-*+, j ,@9('($

9(785?*+3>"#B>9(CD,9(3><c !'(08,`aY KZ[\KZ[T^eW= G "#78%R'($>n125?3>9('(P69(CDn7 VAj '(no 56'p K

qrstu@vJs

nF
H

x

nxnGG

xx

x

n

n

t

tft

xx

xxH

D
n

an
Hww

fa

a
aDGG

xxaxxf
H

u

≥ρρρρσ
ρ

απ−

ρρ
ρ−

ρτρ−ρτρ

ρ−
ρ

−

−ρ−ρρ

ρ

−ρ
ℜ

ρ

ℜ
ρΓ

Γαπρρℜ

ρ

ρ
−ρπ

−ρ−−
ρ

απρ

wJx(yIx(zIx{4|}~2��x(�D�/x(��!{4�D�!�?�Dx(��?�D~2���D�(�� ~2�#{2~4{4�/|}|�~2�#�U�DzU�Dx(��6� �

n+100

n+1
0nn+1

00

n

1/2

0

22

0-n+10

22
20n+10

2
1

1/2222n+2

n+1

1/22

0

2

n
2n-1

0

0

1/22

0

2

0

2n-1

0

1/222

2n

0

n

nn

2n-1
3/2

-nn

n

n+1

1/222
2n-1

n21

1/2221/2222n-1
n

0

n+1n+1

ρ

ρ

ρ









a

a

x

x

aa

in

in-inin

a

∞

φ

φφφ

�-�������(��6� ���r�N�c�r�N������#�����r�D�N��(���/���>�r�N� �?¡ ���¢�



205

d)(
e

2+)e(+)e(=})e({

,d
)(

)(]21)[(2+)(

)(

d2
)(=)(

,d
)(

)(]+1)(2[2+)(

)(

d2

d)(
2
+)(=)(

(3.7.1)0.

)},({e=d
)(

)e(+)e(

)(

d
4+

)d(
ed)(

e
2

1;),(=
)d(

2+

d
)(

)(]21)[(2+)(

)(

d
2

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'&!()*+,-./01()23 !4!*5678+-&! !9:&!;<= !> !>?2@$%./A)&!+BCDEF G6FHI?J9:+-./A)KL 7:+-23+-M N
01M

N
01M

Hww

x

xnnGG

x

xx
uF

x

xnnGxG

x

xx

H
uF

n

xxx

x
H

H

nFH

x

nxnGxG

xx

x

ρρρτ
ρ

ℜαπρρρΦℜ

ρ
−ρρ

ρτ−ρ−ρτρ
×

−ρρ
−ρρ

ρ
−ρρ

ρτ−ρρτ

−ρρ
−

ρρρσ
ρ

απρρ

≥

ρΦℜρρ
ρ−

ρσρσ

ρ−
ρ

ρ

ρρτ
ρ−ρρρτ

ρ
ℜαπ

≥ρ
ρ

ρρσ
ραπ

ρρ
ρ−

ρτρ−−ρτ

ρ−
ρ

00

n
0-n+1

0

n-nnn

01/22

0

2

0

n

0n+1
2

0

2
20-n+10

2
1

1/222

2n-2

0

n-1-n+1-n+1

01/22

0

2

0

n

0-n+1
22

20n+1
2

1

1/222

2n

0

n+1

00

n+1
0n

0

n+1n+1n+1

n00

n+1

1/2

0

22

0n0-n

1/2222n

n

0

n

00n+1
n

00

n
0-n+1n

-n+1

0

n-1

00-n
n-1

00

n

1/2

0

22

0n+1
22

20-n+1
2

1

1/2222n

n-1

ρ

ρ

ρ

ρ

ρ

















a
-in

-ininin

x

a

a

x

aa

a

in

in-in

a

x

in

a

-in

a

x

φ
φφφ

φ

φφ∞

∞

φ
φ

∞

∞

OPQ%R@Q/S3QTUVWXYZ1Q%[6[6Q%\]^TU[6]^_`[6Q%\_`[6XUZ1[6\%\a XY]^TUXYTUb6VWVWXUc^d3b6S3[6Q%\efg h



(3.7.3)

.
)(

d

d

d
+

)(

)d(

d

dd

d

d
=)(

,
)()(

)d(

d

d
=)(

,
)(

)(d
=)(=)(

.

1.

0)=(

(3.7.2)

.d
)(

)e(+)e(

)(

d4

206

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'()*+,-./01(2345
6  +./78(2019 !.-*!, 6':;< 01**! +./0= 7>?@,-*! = ()*+A1A178B01C6 ,-7>()./* = ()7>$%9'* =DEF>G HIGJKLM6 $N&'()A1*+A1019

,-(2&"1*+$%()3O*(DEF>G HIG F2MP 78,- = &'A#78()Q'&78"1$N*!,-*+./*!A10 : G"178,%./*!?@& < 0#*"178 = 789RA1A13O*!B
B0A1&'"#$%9'?@*+A101S1BT 6 A#Q'U@010Q'7>VW"#./*!Q' +A13O*A1*+01XY()*+ = A13O*"178QR&Z ,-*+ ![

T 78$NV\*25 !.-*!, 6':;< *+S(78,%A178$%7>,-A13O*!B("1$%*+78]8$N&'XY7>()&'A1A#3OVW0
6 $N&'()A1*+A1019'V\0,-( 6 V\9"1*+$%()3OV\0 DEF>G HIGJKLM B$%*+^_*!A101*P 78./7>?@01V

 !.-78?@A13OV G]87>./*!*DEF>G HIGJKLM6 $N&'()A1*+A1019= $N* = ['*+`I7 a
&' = ["1$%&R( 6': !,%*!./&'* ="1$%7>U@*!, 6 $%&b = &c 78A#*

a
A17>BdIG HIG !*+Q'U@010$%*+X 6 .-[ = & = 78(

01X"178. 6
a
*+A13]83 = [V\78` 6'=DEF>G HIGJKLM B6 $N&'()A1*+A101S,-( 6 C"1*+$%()3OC

a
&' = 9'V"1$%&R()3OV

6 ,-7>()./* = ()7>$%9 :;< 01*$%*+^_*!A1019RB !"#*!U@01&'.-['A13O*e = 00"1&'$N&'V\* = $%&'V
Q$%*+^_*!A101S !"#*!U@01&'.-['A13OCA1*+Q'7 = 7>$%3OC,-7>]8&'().-*!A101*+V,-7> = 01`8A 6'= 7]83 = [V\78?@* =

e = 778,%A178$%7>,-A13 GDEF>G HIGJKLM6 $N&'()A1*+A1019,-(2&"1*+$%()3O*
a
= 778] < A178 = 01B"17 = *!$%0]8*+X

"1$%*+,-"178.-78?@0 = [RBV\78?@*+Vf 3,-./90 < * =  !9g *!^_*+A101*XY,%*! ![ G78]> 6 ?@,%&'* =  !9A1*
0F>G F B !*+Q'U@010(,-* = &'./9RC($%&' + !V\7 = $%*!A]83O. !0#VWV\* = $%01078 +*!()7>Sh . 6

a
&'S

DCf

att

t
D

ty

ttf

yy

yC

a

D

t

ttf
C

tt

tf

n

n

xx

xxH

−
ρ

ρρ

−
ρ

ρρ
ρτ

−ρρ
−

−ρρρ
ρτ

ρ−
ρρσρσ

ττ

≥

ρ
−ρρ

ρσρσ

−ρρ
−

nn

1/2222n+1

2n

n

n

1/222

n

2n

2n

n-n+1

1/222n+1

n

1/222

n

nn+1

1/2222n

n
n

-nn

n+1-n+1

01/22

0

2

0

n-1

0-n0n

1/222

n2

0

n

ρ

ρ

ρ

ρ

















a

a

y

a

a

-inin

x

aa

∞

φφ

i!jklmjno1pq%r jnstp_o#stu_vwkxyv/z{jnstsOu_v|1wns;|n}'stu_v~qN� jn}�j



207

,

(3.7.7).
+1)(+1)(

+1/2)(+1/2)(
=),(

),,(

¨),(

(3.7.6)

.
)(d

||

|)(+)|(
ln),(+

),()()(=
)(

)(d

)(

d

,

(3.7.5)0.=
)(

d
)d(

)(2+
3/2)+(2

1)+(
)+(

(3.7.4).d
)(

2=,=

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%!&'&()*+,)-.!/0%!+123)*4.!56789: ;<:=>?@2A+15ABC.!)-.!%!DEF+1)*EFGA)-H<"I E9"F+,"9.!J"FK9)L 5AM?#$)*N$%!4

) I EFG1O
#$NPDBCJQ+15AR0)*.!%()S BC.!"9):T,5 I EF.!"9H<"NPUVK9"FH<"#$NPDI  (" I "9KF"F4W N$)*4X)*.!E95A+,.!JQ4

BCJQT1% I NP)-.KFJQE9G4X"FR0)-E"F.#$NPDBCJQ+15AR0)*.!%()DABY.!"F).!5A (% I 5AE9G
4X"FR0)-4.!)4XJZ "FEFD:% !"I E9)* !)-.!)*[EF.!JQ\)T !"FN$%!.!"F4) I EFG] #$) I G

 !+,)-"FKF+15AM^"9BC5A.!%([_O I N$)*#,2AUV`a%!\BCJQ !"9NP.!)-.!%!DEF+1)*K923)*E6789: ;<:=>?@2A+15ABC.!)-.!%!)EF+1)*EFGA)B6789: ;<: 8Y@ b "F# I EF5A.("FBCcA56789: ;<:=>?@7:2A+15ABC.!)-.!%!D#$BY5 !)-+,BCJQ)2A#$"9BCNP)-EFBC"9+,%!NP%4XJT,E9"Fdb "Fc35
6789: ;<: eY@7:2A+15ABC.!)-.!%!D%!.!E9)*H<+15ANPGA.!"9H<"

+,)-fg)*.!%!D"F#,.!"F+,"9#$.!"FH<"%!M^hiM^5#$NPDBCJQ+15AR0)*.!%(%B !"FD3BC%!E I D !" I EF"FD3.!.!5AD #$"9KF5ABC"9T,.!5ADT,E9" !"FE9"F4i2EF53cAd.!)W E9"T,E9"89: ;<:=>9>j@ d6 I 4X"FEF+1%.!%!R0) !"Fc35AM^53.!"k 2A#,)*E  !+,"9EF%!BC"9+,)*T1%!BCJQ4 :cA53M^5AE9G I D4X"FH92AE6789: ;<: lY@%6789: ;<: m9@n I NP"FBC%!D !+,)-"FKF+15AM^"9BC5A.!%(DA\ : B% I  !"FNPGAM?"FBY5A.!JKFJQNP%o 89: 8o  ! !)-.!#$%!c I 5%!M&("F+14i2ANPJ"FK9`a%!)p )*cA"9EF"F+1JQ)

x

t

kkn

kknx
tx

n

txQ

txtxQ

t

tf

xt

atax
tx

txQatax
tt

tf

x

f

axx

x
ttf

xfxaHD
n

n
GG

t
t

tf
aCnDC

ρ

Γ−Γ
Γ−Γ

π
ψ

ψ

−
−−ψ

−−
ρ−ρ−

ρρ

−
−

απ
Γ

Γπ

−
γγ

α

n

2k2n

n

n

n

n

2n

n

1/222

1/2221/222

n

n
1/2221/222

1/2

0

222n

n

0

1/2

0

22

00

2n+1

n

1/2222n+2n

n
2n+2

n

3/2

21

2n+1

n
2n+1

n
21

ρ



















aa

x

a

x

a

a

∞∞

∞

∞

k=0

n

qrs*tCs-uYsvjwxyz{Ps*|<|<s*}~�vj|<~��^|<s*}�^|<yj{P|<}*}� yz~�vjyzvj�<wxwxyj���Y�<uY|<s*}��� �

Σ



(3.7.11)

).(+
d)()(

)(+
)d()(

)()(cosh
4

=)(

(3.7.10)

.;+
2

1
;
2

1
,+1

+1)(

+1/2)(
=),,(

(3.7.9)

,
)(d

))(,,(
)()(

d

)(

d2
+

)(d
),()(

)(

d)(

d

d

)(

d2

)(

d

d

)(

d

4

1
=)(

(3.7.8)

).(=
)d(

+
))((

d)(
)(

)/(

208

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%"&'()*+() ),%"-./0*120#$%" )34*+516" )7-. )()*+,)()89751 :51;0*+<=851>?>0;0&@*1;05+;0&@!ABCDE*1, )F()%",:GH*1()>
2089;?I<=>0JK*+;L"GH#$%"M34%"5+;0 &'89#$>0JKGH*+()()>0, )FNOPFN%Q)>0LA&'-.LABC;051L6">?;0>0#489*GH#$!A/R )<= )M

 Q)>05+;0>0LA()()>0,5&'<=*+51;0*FN(:%"34*1(: )*1MS /R>Q)>05+;0>0LA()()>0,TUQ)#4>? )FN&@>0-.I"(:>0,
6"%A34*15+;0&'*&5#4*+VW*1() )*+M>0G4()>0#4>?GH()>0*Q)#4*+GH51;?%"&'-.LA*1;XYZ U [RU\]?]^_&34-.*+(` >05+-.*1GH(: ),

*15+;0I$a
#4*+VW*1() )*b ;?> Z U Z M51*+6"cK ) &#4*+VW*1()>2089-.>XYZ U [RU d@_!"#$%"&'()*+() )*e ();0*+/R#4%"-HI"()>0*

U-.BC2?>0/R>GH-.Lf !"(:6"cK )L"7b -H*1<=*1();?%"#4()897&&'893$ )51-.*+()82089;?I<=>0/?!";
XYZ U [RU g'_L"GH#$%34%"5+;0 &'89#$>0JKGH*+()()>0,& Q)> )();?*1/R#$%"-.8&'5+*34;?> Q)>0-H )()>0<=M

f %"6A;0 )34*+516" :M*15+;0I"MXYZ U [RU\]^h?_&f !"(:6"cK )L/R )Q:*1#4/R*+>0<=*1;?#4 )34*+516"%AL34;?>i %A<j*+;0 )<=M

5

i GH*+51I

&' )G.aQ)#4 :() )<=%"*1;k *1Fl!"-.IA;0%";&'89#$>0JKGH*+()(:!"BmU 51 :()/0!"-.LA#4(:!"B34%"5+;0 TaGH&@*
()%!"#$%"&'()*+() )L )();?*1/R#$%"-.I"()>?/R>L"GH#$>#4%"F^GH*+-. );0I()%"<Q)>0F^&'>?-.L"*1;Q)#4>?cK*1G4!A#4%n ;0%
UGH>>0;Q)> )();?*1/R#$ )#$!"*+< ()%#4*+F^!"-HI";0%";!"<=()>?JK )<M

D

A

tYA
tr

rrrYr
tY

tr

rrYr
ttYttf

n

x

x

t
knknF

t

kn

kn
txq

t

tf
attxq

axx

x

r

t

tf
txQat

xx

xax

r

rH
r

r
t

ttf

atrt

tttf

r

ar

rr

−

χ

−

χ
θπ

π

ρ

)−−(
ρ−Γ

−Γρ

−ρ
−ρ−−ρ

ρρ
π

−
ρ−

−
ρ−ρ

ρρ
π

−

ρ

ρΦ

ρ−ρ
ρρ

π
χ

χ
ρ−γγ

α
−−

−−

∞ρ−ρρρ

n

n

cn22

sn

s22

cn

c
2

2n

2

22k

n

2n-2

n
1/222

n1/2221/2221/222

2n-1

3/2

2n

n

n
1/222

1/222n2

1/222

1/222

2n

n

n

1/222

2n

n

n22

n

21

2

1/22222

n1/222

1/2222n

ρ

ρ



















aa

ar

ar

r

aa

∞∞

∞∞∞

∞∞∞

∞

∞∞

k=0

n-1

o1pqrspTt)uv4w pTxmuWt:xmyWz{q|}z.~�pTxmx9yWz�){TxC�T�"xmyWz�v$� pT��p

Σ



209

)],([1

d
))((

)()(+)()(
)(cosh

2P
=)(

,
)()(

)d(

d

d
=)(

,
)(

d)(

d

d1
=

)(

)(d
=)(

0,=

(3.7.12)

.
)()(

d
)(

4
=)(

0;,=1;0,=)(

.<0,=,0)/()(=

;>=0,=

).<(0=,=

0.=

¨,=

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'(%)*+!,-./ ,0123
45"#62&'17 )*89&'$:3'1#;'12,< $:)=>%&'?@ABC!)< $%&'(%;')" < ) < CD454E)*1 7 CD(%+!"#4FG8H+D;'(%)=+DC!I

<  D)=JKC!LDC!(M) <=N C!O+!) N "#1#" 7 ,0O>:$PQ7 )*RS)=+!C!QQ'TU+!,0)1#)* !) 7 3 7 )*> < 12;'TV$PQW)=4X ,

>:$PQ>:$PQ

< $%&'(%;')Y.Z 12"#4T+!;'O["#>:C!4X ,
>:$PQ

>:$PQ
TVC!>P.C!45)=?@1& < $P"#TUC!Q

6 7 ;'+!C!(%+!,0)" / 7 ;'89"#45\] ; N C!41#"2( N )T 7 CD$P"#^K)=+D;< CD$P;
(%12"" / AB+!" < 12C!\ !"#12) 7 C/ )*8 7 )*>: !"#$:"#^KC!1#3W\45"#^K)*4X , !$P" <=N " < 1#C(%; < 1#3'?

" < 1#;'$P3W+!"#I+!+!"2I)8H;WAB)=45$<N'7 &W6_;TV+D&W1 7 C1#"2( N )+!) N "#1#" 7 "#IT 7 CD$P"#^K)=+D+!"#I
< CD$P,< " <=7 )*>:"#12"#(%)=+D+!"#I+!" 7 45;'$P3'+!"2I>:)*I < 1#TUC!)` ; <*< 45"#1 7 C!4

8H; N "#+!(M)=+!+!,04 G< (MC!1#;'123 < Q45"#^K)*17 )*RS)=+!C!)a / AB)*)bcd G e_G fUgcGCbcd G e_G h2g& < $P"#TUC!I

tY
a

D

r
brtr

rYttYrrYtY
tf

a

D

t

ttf

t

tttf

t

tf

nn

bxxx

x
bPH

n
b

PHFnF

abP

awu

abb

z

a

P

−
α

γγ
−

−−
θπ

π

−ρρ
−

−ρργγ
αρτ

ρ−ρρρ−
ρσ

−ρ−
ρ

π
−ρΦ

≥
ρ

α≥ρ

ρτρ−φδ−ρδσ

ρ

φρ

ρ

c

21

0

1/22222

sscc
2

30

1/222

0

1/222

0

21
1

1/222

0

1/222

0

0

1/2221/222n2

n
n

n+1

n

n+1-n+1

ρ

ρρ

ρ

a

a

∞

∞∞

∞

ijk=lVk*mUknopqrstPk=u_u_k=vwxnou_wxyHu_k=vyHu_rotPu_v=vz rswxnorsno{_pqpqro|x}U{_mUu_k=v~�� �

�5�P�q�B�U�P�



¨

0.=
)(

d
)d()(2+)+(

3

2

),(d
)(

=,
)d(

2
=

.
)(

1
2
+

)(+

1
+

)(

1

2
=)(

),(+
d)()(

)(+
)d()(

)()(cosh
4

=)(

,
)(

d
+

)(

)d(

d

dd

d

d1
=)(

,
)()(

)d(

d

d1
=)(

,
)(

)(d
=)(=)(

1):=(

.
)(

)d(
)coth(

2
1

4

)sinh(
=

210

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&!'("#)*+"%,- !./0/0&1234 "#5 36789'/0"%:;<+=%> 3 /0.02,6.;,6 3-7 "*+ 1&&! 783  !.0 1?%)@ 9A3-B+C%3  

C <D"%'(/ 3 /0.02" 9AE!36F <D"%.0* 3 ,6$%.0G
9 .0/ 3 20/0HIG,6.;,6 3-7 H. 4&!:0< 36BJ3-9A3 /0HF HI 1?B & 9 >K/0H.))L &!,- !&!=#/0/0H 3

E "#< 7 &!/0.0$#.: 3 <+'(&!2BJ9 =M 364NC%9 ?# !"% !H

Pb
axx

x
ttfxxfDGG

H

tf
t

at
B

t

ttf
a

D

BAD

B
r

ar

brrbrr

Pb
r

tYA
tr

rrrYr
tY

tr

rrYr
ttYttf

ayy

y
D

ty

ttf

yy

y

a

D

t

ttf

tt

tf

n

br

rrY
P

D

−
−

−π
α

π−

−
γγ

α−

−−
π−−π

χ

−

χ

−

χ
θπ

π

−−γγ
αρ

ρρ
ρτ

−ρρ
−

−ρρργγ
αρτ

ρ−
ρρσρσ

−
θπ

π
−

γγθπ
θπα−

1/222411121

12

1/222

13

1

21

3

1

1

1/222

1/2221/2221

c122

s1

s22

c1

c
2

21

1/222311/222

1

2
21

2
0

1/2222

1

1/222

1

21
2

1/2222

1

-11

1/222

s

21
20

ρρ

ρ

ρ













































a

x

a

aa

aa

aa

y

a

a

a

∞

∞∞

∞∞

∞

∞

OOO

P6QRSTQUV0WX+Y QUZ[W\V;Z[]\^_R`a^AbcQUZ[ZI]\^d0_UZedUf%Z[]\^gXDh QUfiQ



211

),()tanh(
2

=
)d(

),()coth(
2

=
)d(

:

.<<0

¨

0=

0.=,
)()(

)(
=)(

0.=

.
)]cosh(+[12

)]()[1sinh(2

)sinh(

)()(2cosh

2
=)(

0.=

¨

⌡
⌠

⌡
⌠

 !"#$%&!'()*+,-./0&12304 &567'8+,9%:;<
= 4 "> '8&5$ > "?9%+,67+,&5@A<B :CDE#F G7F H7IJKDF L

" > '(&!$%&59M& 3 :NOP "#Q 3 + = & 3 /0RQS$8&! !T F> '8&5$% 4 + L
9M& 3 :QS+U$%+ = < !@A&5VW+ 303 :;X

"? 3 "
L
3 :;X

L
3YZU4 '8& 303 /0X'8&5VW& 3 /0[\" 4#3 "? !RU-./0&! 5R/ 304 &!67'(+,9M:;<] & \ " 4 "?'(:;&

QS+U$%+ = / F67'(+ 3 / = 3 "#^ !@A&5VW+ 303 "#^
"? 3 "

L
3 "?^'8&5VW& 3 /0&4 " = 3 "?&3 +,^ 4 /_ " > '(" P Z ^ 4 &H7F

QS+U$%+ = F !9 Z = +,&L
3 &5 > '8+ L

&!$%9%/
L
" 

L
"?^0 4

L
"` 4 "a

3 + F&QS+U-.&!@A9V 4 +U@ > +L
3 &5V 3 "? 4 T\ "#67$%+

'8+
L
3 "
L
&! !/Y/0<

L
3 +,Xb"?$%R 4  !R> 9M"# \ "# 4 /L

3 + > '8R,)*& 3 /0R= 4 "c " \ +U)*/ 4 &5<E#F

a
 !9 Z = +,&> '8&5$%&!9%T 3 "?@LL

:;VW&> '8/Y@d&5'8+$%9MR'8&5VW& 3 /0&] +,^0$%/ 4 &G7F

&! 4 T a3 + > '8R,)*& 3 /0^ebZ,3 \,f /0R3 & 3YZ 9M&
L
+,R&!$8/ 3  4

L
& 303 +,Ra

 !9 Z = +,&
> '8&5$%&!9%T 3 "?@L

GbghgiKC  4 '8+ 3 / f +L
:;VW&> '8/Y@d&5'8+$%9MR'8&5VW& 3 /0&] +,^0$%/ 4 &gjF

/ 304 &!67'(/0'8"
L
+ 3 /0&!@ F

> '8RU@A:;@> " \ +,QS+ 3 "P : 4 T@A"?)*& 4k 4 "F'8+
L
& 34 " = 3 "L

& \ 4 "#'679M+
L
3 :;^&&= 4 "

lmnSo0pqrstu pvw,xMy8z{n(|}
} xMy(zOo~rJx�x��(�� u p2r�z��Uz{r

��z } r�z

��z } r�z

rY
rrx

xxY

xa

ra

rY
rrx

xxY

Y

ar

Y

z

b

ba

baP

a

tY

t

tY
P

tf

b

P

θππ−
−−

−

θππ−
−

τ
ρ−ρ−ρπ

−−ρσ

α

θπθπ

−θπ
−

θππ

θπ

π

���8������;���U���~���0�

s22

c1/2

22

22

0

s22

c

0

c

c,s

n

n

221/2222

1/222

n

cs
2

0





















a

a

���j� ����7�7���7 h¡7¢!£

¤¥¦ §¨W©�ªM«¥¬®�¯�®�°�¯



,
4

1

)cosh(
=

)(

)d(

,
)2cosh(

=
)(

)d(
,+

4

1

)cosh(
=)d()(

,
)3sinh(

)2(1
=)d(,

)sinh(
=)d(

,)(
)(

)tanh(
2)2cosh(

=
)()(

)d(

,
)cosh(

+)()tanh()(
2

+
4

1

)cosh(
=

)d()(

,
)2cosh(

)()tanh()(
2

=
)d()(

,
3

21
+

)sinh(
+)()coth(

2
=

d)(

),()coth(
2)sinh(

=
d)(

212

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

a

xa

xxYx

xa

xxY
a

xxYxa

a
xxYx

a
xxY

rY
ra

r

rxxa

xxYx

r
rYrar

a

rx

xxYxax

rYra
rrx

xxYxa

ar
a

rYr
rx

xxxY

rYr
a

rx

xxxY

)θ−(
θπ

π
−

θπ
π

−
)θ(

θπ
π−

θπ
θ−θπ

θπ
θπ

−
θππ−

θπ
π

−−

θπ
θπ−π−

)θ(
θπ

π
−

−

θπ
π−θπ−π−

−

−

θ−
θπ

θπθππ−
−

θππ−
θπ

θπ
−

2
2

1/222

c
2

0

1/222

c

0

2
2

c
1/222

0

32

c
2

0

c

0

s1/222221/222

c
2

0

2

s
1/222

2
2

22

c
1/2222

0

s
1/222

22

c
1/222

0

2
22

s
3

22

4
c

0

s22

2
c

0













a

aa

aa

a

a

a

a

a

 !"#$%"&'()*+, "&-.)/'0-.1/23#452678"&-.-91/2:(3&-;:&<=-.1/2>*?@ "&<A"



213

,
)cosh(

)()()tanh(
2
=

)d()(

),()tanh(
2
=

)d(

),()tanh(
)2(

+
)cosh(

=
)()(

)d(

,
1

)(

)(
)tanh(

2
=
)()(

)d(

1],)()[cosh(
)2sinh(

+
)sinh(

=
)d(

,
1)(

)coth(
2
=
)(

)d(

,
)2sinh(

)()coth(
2
=

)d(

.
1)coth(

=d
)(1

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&'"()*+,-./01'23415 '678(9,-:&;<=

a
rYra

rx

xxYxax

rY
rx

xxYx

xa

ra

rY
ra

ra

rxxa

xxYx

ara

rY

rrxxax

xxY

rY
ra

rx

xxYx

r

rY

rxx

xxY

rY
rx

xxxY

Y

a
x

x

xY

θπ
θπ−−θππ

−

−

θππ
−−

−

θπ
−

π
θπ

θπ
−−

−
−

θππ
−−

−θπ
θπ

π
θπ

θπ
−

−
θππ

−

θπ
π−θππ

−

−θπθπ−

c
1/222

22

s
1/222

0

c22

s1/2

22

22

0

c1/222

2

221/222

s
3

0

1/222

c

2221/222

s

0

c

222

22

s
3

0

2

c

22

s

0

c22

s

0

2

c

0













a

a

a

a

a

a

a

a

>

?@ABC D?EF8F8GHI8JKL8M"N



,
+

+

)coth(
=
))(+(

d+

,
+

)cosh(1
)sinh(

=
d+

:+

,
)2sinh(

1})]/(tan{cosh[2
=

+

d)(

,
)sinh(2

)]/(tansinh[2
=

+

)d(

,
)6cosh(

)4+(1
=)d()(),tanh(

2
=

)(

)d(

,
)cosh(

)tanh(
2
=

)d()(

,
)6cosh(

)4(5
=

)(

)d(
,
)cosh(

=
)(

)d(

,
)3sinh(

)(2
=)d(,

)sinh(
=)d(

214

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&#'()(*!+,'-./ "#0123456,*!78'(29 )(:;2<=>4?*!@1ABC

ra

ra

ra

i

rxxa

x

xa

xa

ra

ra

irx

x

xa

xa

iYY

ra

rx

xxxY

r

ra

rx

xxY

a
xxYxax

axax

xxY

a
a

x

xxYxa

a

xa

xxYx
a

xa

xxYx

a
xxYx

a
xxYx

−
θππ

−−

−
θπ−

θπ
π

−−

θπ
−θπ

θπ
θπ

θπ
θθπ−θππ

−

θπ
θπ−θππ−

θπ
θ−θπ

−θπ
θπ

−

θπ
θ−θπ

θπ
θπ

sc

-1

22

s

0

-1

22

c

0

32

s
1/222

0

1/222

s

0

s
1/222

0

32

1/222

s
3

0

1/222

s

0

422

s
3

0

22

s

0

θθ

θθ































ii

-a

a

ii

-a

a

a

a

aa

a

aa

aa

D3EFGHEIJ(KL?M EINOKPJ-NOQPRSFTURVWXEINONBQPRY(SINZYI[!NOQPR\L5] EI[^E



215

:

.<<

.
)sinh(

)]2(1+[2
=

+

d+

,
)sinh(

)2+(
=

+

d+

,
)sinh(

=
+

d+

,
)3sinh(

)2(12
=d

+

,
)sinh(

2
=d

+
,
)sinh(

2
=d

+

,
)cosh(

)+(2+
))(tanh(=

d)(+

,
+

)(

)tanh(
=

))((

d+

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&!'()*+,-./0&12304 &567'8+,9%:;<

= 4 "> '8&5$%?0"@9A+B67+,& 4  !CB<DE$8&! !FGH?0'8&5$% 4 +,IJ9A& 3 :DE+B$%+ = <67'(+ 3 / = 3 :;K !LM&5NO+ 303 :;K
"@ 3 "@I 3 :;KI 3 &5N 3 /0K'8&5NO& 3 /0/?0'8//0 5?0"@9AF,DP"@IQ+ 303 :;&/ 304 &!67'(+,9A:;<R &!S," 4 "@'(:;&

Y

ra

ia

ax

xx

xa

xa

ia

ax

xx

xa

xa

i

ax

x

xa

xa

a
xx

xa

xa

ai
xx

xa

xaa
x

xa

xa

ria

ra

ra
rai

rx

xxa

xa

xa

ra

ra

ra

i

xarx

x

xa

xa

∞

θπ
θ−θπ−

−

θπ
θπ

−

θπ
π−

−

θπ
θ−θπ

−

θπ
θπ

−θπ
θπ

−

θπ
θπ−

−
−θππ

−
−

−

−−
θππ

−−−

TUV8W XTYZ;Z[\B][^_`[a0b

c

222

32
2

22

1/222
1/222

1/2221/222

θ

θ

θ

θ

θθ

θθ

θθ





























































i

-a

a

i

-a

a

i

-a

a

i

-a

a

i

-a

a

i

-a

a

ii

-a

a

ii

-a

a

cdefg hcij7j7klm7nJo7p!q



,
)cosh(

][(1/4)
=

)(

)d(

,
)cosh(2

=
)(

)d(
,
)sinh(

=
)d(

,)())(tanh(+
)cosh(2

=
)(

)d()(

,
)cosh(

][(1/4)

)(

)(
)tanh(+

)cosh(

1

2
=
)()(

)d(

,
)(

)(
)tanh(+

)cosh(

1

2
=
)()(

)d(

)(

)(
)tanh(

2
=
)()(

)d(

,
)sinh(

)()coth(
2
=
)(

)d(

),()coth(
2
=

)d(

216

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

aaxx

xxY

aaxx

xxY

ax

xxY

rYar
a

rrxx

xxYax

raar

rY

arrxaxx

xxY

ar

rY

arrxaxx

xxY

ar

rY

rxax

xxxY

ar
rY

rrxx

xxY

rY
rrx

xxY

θπ
θ−π

−

θπ
π

−θπ
θπ

−θπ
θπ

π
−

−

θπ
θ−π−

−
θπ

θπ
−π

−−

−
θπ

θπ
−π

−−

−
θππ

−−

θπ
θπ−θππ

−

θππ
−

3

2

1/2223

c

1/222

c

2

c

s
1/222

222

c
1/222

23

2

1/222

s

4221/2223

c

1/222

s

2221/222

c

1/222

s

221/222

c

2s3222

c

s22

c



















a

aa

a

a

a

a

a

a

∞

∞∞

∞

∞

∞

∞

∞

∞

 !"#$%"&'()*+, "&-.)/'0-.1/23#452678"&-.-91/2:(3&-;:&<=-.1/2>*?@ "&<A"



217

,)()coth(
)sinh(

1

2
=
)(

)d(

)],()[1coth(
2
=

)d(

:

,
)sinh(2

2

)2cosh(
=)d(

)(
1

,
)sinh(2

2
=)d(1

)(

),tanh(=)](d[)(

1],)tanh([=d
)(

)(
1

),tanh(=
)(

d
)]([1

1],)coth([=)]d([1

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"#$%&!'()*+,-./0&12304 &567'8+,9%:;<

rY
rrxx

xxY

rY
rx

xxYx

Y

aa
xxY

x

ax

a
xxY

ax

x

axYax

ax
ax

xxY

a
ax

xx
xY

axxY

θπ−
θπ

π
−

−θππ
−

θπ
θπ−

θπ
π−−

θπ
θπ−

−

θπθπ−

−θπθπ
−

−

θπθπ
−

−

−θπθπ−

c222

s

c22

s

s

c

1/222

c1/222

c
1/222

1/222

c

1/222c

c

























a

a

a

a

a

a

a

a

∞

∞

∞

∞

∞

∞

∞

∞

=>?@A B=CD7D7EFG7HIJ7K!L



)cosh(

2
)tanh(

2
=

d
)()(

1/4),)(tanh(=)](d[)(

,
)cosh(

=
)(

)d(

),tanh(
2
=

)(

)d(
,
)sinh(3

)(2
=

d
)(

,
)sinh(

=
d
)(,

2
tanh
2
=

d
)(

,)(
)(

1)tanh(
2
=

)d()(

,
)cosh(

+)(
)(2

)tanh(
=
)()(

)d(

,)(
)(

1)tanh(
2
=
)()(

)d(

),(
)(2

)tanh(
=
)()(

)d(

218

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

x

x
xYax

axYax

aaxx

xxY

ax

xxY

ax

x
xY

ax

x
xY

x

x
xY

rY
r

ar

rx

xxYax

a
rY

arrrrxaxx

xxY

rY
ar

r

rxax

xxYx

rY
arrrxax

xxY

θπ
θ−θππ−

−θθππ−

θπ
θπ

−

θππ
−θπ

θ−θπ

θπ
θπ)θπ(π

−−θππ
−

−

θπ
θ

−
θππ−

−−

−
−θππ

−−

−
θππ−

−−

2s
1/222

22
s

1/222

21/2222

s

1/222

s

4

22

5s

2

2

3ss

c

1/222

22

s
1/222

2c1/2222221/2222

s

c1/222221/222

s
2

c1/222221/222

s

























a

a

a

aa

aa

a

a

a

a

∞

∞

∞

∞∞

∞∞

∞

∞

∞

∞

 !"#$%"&'()*+, "&-.)/'0-.1/23#452678"&-.-91/2:(3&-;:&<=-.1/2>*?@ "&<A"



219

)(

)d(d2
=

)(

)d(

.
)cosh(

)tanh(
4

+
)sinh(2

2
=

d)](2)([
)(

1

),4+)(1tanh(
4

=
)(

d
)](2)([

),coth(=d)](2)([

:

,
)sinh(2

8
+)tanh(

4
=d)(1

)(

)cosh(3

1/4)+(2
=

d
)()(

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"!#$%&'()* !)+,-./01"! !2*34!)+%567%&87,-.9 )+%5,-:-)+0;<=,-./01"! !2
<=6+%&>&?@A4!)+%567>&#$01.B8C%5"!D !"!#$%&'()*018C,-./E

.BDFG* !>&8C%5"! !H 4!)+%5,-:-)*01<=,$.B01"! IHJ,-#$"!,->&2;KL !%&>52M ,-)*NOP18CDFEQ %&J1,$#-,-)*DF%

 ,-:$0>&,$67%&)*RS01KL !%T "!#-%5'()+0187DFE

yx

xxf

y

y

x

xxf

aaa

xxYaxYx
x

ax

a

ax

xx
xYaxYx

axxYaxYx

YY

a
xxxY

ax

x

ax

x
xYax

−−ρ
ρ

π−ρ

θπ
θπ−θππ

θπ
θπ

θ−−−

θθππ
−

θ−

θπθπθ−

θπ
θθππ−

−

θπ
θθπ−

UVW+X WUYZFZ[\;][^_`[a!b

1/22222

0

1/222

0

2222

cs

1/222

2
2

1/222cs

22
cs

sc

22

s1/222

2

2

4s
1/222

ρ



















y

aa

a

a

a

a

a

∞

∞

∞

∞

∞

cdefg echi(i(jkl(mBn(o&p



),(
/2)2cos(

=
)(

d)(

d

d

)(

d

,d
||

)(+)(
)ln(=

)(

)d(

)(

d

,d
||

)(+)(
)ln(=

)(

)d(

)(

d

.
)d(

+
)(

2
=

)(

)d(

d

d

)(

d

;]))(([lim
)(

)d(+)(
2

=
)(

)d(

d

d

)(

d

)(

)d(

))((

d
)(

2
=

)(

)d(

)],([lim
2
+

)d(

)(

d2
=

)(

)d(

))((

d
)(

2
=

)(

)d(

220

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"!#$%&'()*+,-./01$23!/045-.%&67/018+9#0%&-.:9"!;<=6>1?@,=A 3!)7/$BC%&"! !D

f
xr

rrrf

xx

x

y
yx

yaxa
yf

yt

yyf

xt

tt

y
yx

bybx
yf

ty

yyf

tx

tt

y

yyff

xy

yyf

xxx

x

rarf
a

a

yyff
xy

yyf

xx

xx

xy

xxf

yay

yy
a

x

xxf

xxf
yx

xxxf

y

y

xy

xxf

yay

yy
a

x

xxf

ρ
κπ

π−
−ρ−

−
−−

−−

−
−−

−−

ρ
ρ−

ρ
π

−ρ−

−
ρ−

−

ρρπ−
−ρ−

−−−ρ
−ρ

π−ρ

ρ
π

−−ρπ

−−ρ−
ρ−

πρ−

)/2(1-22)/2(1+22

1/222

1/2221/222

1/2221/222

1/222

1/2221/222

1/2221/222

321/2221/2222

1/222

ar
1/222

1/2221/222

2

1/222

0

1/22222

0

1/222

1/222

0

0x
22

0

1/222

0

1/222

0

1/22222

0

1/222

1/222

ρ

ρρ

ρρ

ρ

ρ













x

aa

b

a

b

t

x

a

b

a

t

a

b

x

a

x

aa

a

x

aa

yaa

a

yaa

→

→

E&FGHIFJK!LM7N FJOPLQKROPSQTUGVWT.XYFJOPO<SQTZ!UJO[ZJ\,OPSQT]M*^ FJ\_F

κκ



221

.
)()(

d)(
)(=

)(

d)(

d

d

)(

d
=

)(

)(d

)(

d

,
))((

)d(
)(=

)(

)d(

d

d

)(

d

,
)d()(

)(
=

)(

)d(

)(

d

d

d

,
)d()(

)(
=

)(

)d(

)(

d

d

d

,
))((

)d(
)(=

)(

)d(

d

d

)(

d

,
))((

)d(
)(=

)(

)d(

d

d

)(

d

)]([lim
1

)(
/2)2cos(

=
)(

d)(

d

d

)(

d

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"!#$%&'()*+,-./01$2"!%34,/0#0/$)56789!)5%3/0:0)*+,;</$1=+,"! >% !?@ !-. A 67B5 !C3-.%&"> !%

tat

tttf
a

xt

tttf

xx

x

xt

tf

x

xx

yay

yyf
a

yx

yyf

xx

x

xy

yyfya

xa

x

yt

yyf

xt

tt

x

xy

yyfby

bx

x

ty

yyf

tx

tt

x

yaxy

yyf
xa

yt

yyf

txt

t

byxy

yyf
bx

ty

yyf

ttx

t

rrff
rx

rrrf

xx

x

ρ−−
ρ−

−ρ−−ρ−

−−ρ
−ρ

−−ρ

−
−

−−−

−
−

−−−

−−
−

−−

−−
−

−−

ρ
−ρ

κπ
π

−−ρ

221/222

1/222

1/2221/2221/2221/222

1/22222

0

1/222

1/222

0

1/222

0

22

1/222

1/2221/2221/222

22

1/222

1/2221/2221/222

1/22222

1/222

1/2221/222

1/22222

1/222

1/2221/222

0r
)/2(1-22

0

)/2(1+22

0

ρ







a

xaxa

axa

b

a

b

t

x

a

b

a

t

a

b

x

b

a

b

t

x

a

b

a

t

a

b

x

x

∞

∞∞∞∞

→

DEFGH FDIJ(J(KLM(N=O(P&Q

κκ



.
)(

d
=

)(

d

,
)(

d
=

)(

d

.12;;
2

3
,1

4

)(
=

)(

d)(1
=

)(

d)(

;
2

1
;
2

1
,1

!2

)1/2)(+(
=12;;

2

1
,1

4

)(
=

)(

d)(1
=

)(

d)(

,;
2

3
;
2

1
,1

)(2

1/2)(
=11;;

2

1
,1

2
=

)()(

d

)(

1
=

)()(

d

,
1)2(2

)(
=

)(

d

)(

d

,
4

)(
=

)(

d

)(

d

222

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

xax

x
a

x

xx

axx

x
a

x

xx

a

x
nF

xa

xa

x

a

xaa

x

a

x
nnF

axn

xan

a

x
nF

ax

xa

a

x

xax

a

a

x
nnF

nax

n

a

x
nF

ax

xaaxxa

xn

xa

ta

tt

x

nax

xa

ta

tt

x

−
ρ

ρ−

−
ρ

−ρ

)−−(−π

−ρ
ρρρ−

ρ−ρ
ρ−ρ

)−−(−Γπ√)−−(×

−π
ρ−

ρρ−ρ
−ρρ

ρρ−

)−−(
Γ
−Γπ√)−−(π

−ρρ−
ρρ

−ρρ−ρ
ρ

−
−π

−−ρρ
ρ

−π
−−ρρ

ρ

1/2222n+1

2n2n+1

1/222

2n

1/2222n+1

2n2n+1

1/222

2n

2

2

2n-13

22

1/222

2n-11/222

2n-12n+11/2222n+1

1/222

2

2

2n+1

22

2

2

2n+1

22

1/222

2n-11/222

2n+12n-11/2222n+1

1/222

2

2

2n-12

2

2n-1

1/2221/222

2n-1

2n-11/2221/2222n-1

2n-1

2n-12n-1

1/222

2n-1

1/2222n-1

2n+1

2n2n

1/222

2n-1

1/2222n+1

ρρ

ρρ

ρ

ρ

aa

aa

x

a

x

a

x

a

x

a

x

a

x

a

a

x

a

a

x

a

 !"#$%"&'()*+, "&-.)/'0-.1/23#452678"&-.-91/2:(3&-;:&<=-.1/2>*?@ "&<A"



223

,
))((

)d,(
d+

4

),(
=

)d,(d

,
)(

d)(

d

d
)d(=

)(

d)(

d

d
)d(

,
)(

d)(
)(lim+

)(

d)(

d

d
)(lim

+
)(

d)(

d

d
)d(=

)(

d)(

d

d
)d(

,
+1)(

+1/2)(

2)2(

1
=

)()(

d1
=
)()(

d

.
)(

)(
=s,

sin
)(1

d

d

!))((

)(

)(

)()(
=

)()(

d

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

 !"!#$%&'()* !)+,-./01"! !2*34!,-)*2156710 !89:;%&"!%&"< !2= )+01./ !>?0

trxt

trtf
r

x

xxf

tr

rrtf

xt

t

x

F

x
xxf

x

xxxf
F

r

rrrF
f

r

rrrF
f

r

rrrF
f

r

f

r
rrF

a
k

k

a

a

a

xax

xx

axaxx

x

txa

xat

mmn

n

a

xa

txxa

taxa

tx

−−
π−

−−

ρ−
ρρρ−

ρ−ρ
ρρ

ρ−
ρ

ρ−ρ
ρρ

ρ−ρ
ρρ−

ρ−
ρρρ

ρ
Γ

Γπ√−
ρ−

π
ρ

−−ρρρ−−

−
−−ζ

ζ√
ζ√ζ−

ζ−Γ
Γ×

−
−
−−

−ρ−ρρ
ρ

2222

00

2

2

22

0

22

0

1/2221/222

1/222
a

1/222
0

1/222

0

1/222

00

2k2(n-k)

1/222

2n+1

2n+22n+1

221/222

2n+2

0

2n+22n+1221/2222n+1

222

222-1
m-1/2

m

m

2

m

2

22

222n-22

1/2221/222

1/2221/2222n-1

ρ

ρρ

ρ

ρ



































aaaa

a

x

aa

aa

aara

a

x

a

∞∞∞

→ρ→ρ

∞

k=1

n

m=0

n-1

@ABCD B@EF(F(GHI(JKL(M&N

Σ

Σ



.
)(

)d,(
d+(0,0)

4
=

)d,(
d

224

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

tr

trtf
rf

tr

rrtf
t

−
π−

− 22

00

2

22

00

aaaa

 !"#$%"&'()*+, "&-.)/'0-.1/23#452678"&-.-91/2:(3&-;:&<=-.1/2>*?@ "&<A"



 !"#$%&'(%

)*+*,*- ./012,*345607.89:,9;6+*.4<=>?@/,*07.4A

BCDEFGDHIJKGLBCMNOCPQRGOSD T
FGBSDHIU BCDEFGMVIGWXFGKYHZXRJ[HMV\]^JYH_`FJW]abcW]OOOCdZ]YH^JFe MVFJ_`OfHDEYHg_Z]hQOSPNBCDEFG_`MVOSW]W]aig

LjFGDHOShQ\]FJMVkl OC^GYEDHYHhmaigDHhmOCdn\]Woc^GYEZ]MVFGW]FJhQW]aip_`qrFG\]LjYHPQOCg]BSDH_`\]K[HMN\]qs^G\XO
Y
T
OCW]IhQFGBSBCLjYHDEhQOCDEIW]FGLZ]YHqr_`YEMVKGOCDRGhmFG_`W]OSW]\]K\]W]DEO e hmFGMVIGW]Y e YYHBSW]YH_`WXY e Y

W]OSBC\]W e RGMVFGhQWXY e Yt ai_`YEPDHhmOCdn\]W]abcfHMNMV\]Z]DH\
T
OCBC^JYHgBCMQR

T
FGO_DHY

T
W]aiLBCDEFGW]YH_u\]DHBSK

YHW]Y
T
DEYv FG^JDERGkDHYELwR[HMNF e YHPQFGhQKPNYEBCDH\ e WXRGDHY

T
DEY_`aiBSYH^GFJkhQOSxyOCW]\]Kz Y

T
W]YHBCDEI

v YHhmLjabcZ]hQYE\]qs_uYHMVIGWXYHgDHhmOCdn\]W]aZ]MVYEBC^GYEgPNMVKPNFGWXYhQOSxyOCW]\]OFGW]FJMV\]DH\
T
OCBC^JYHO

W]W]YEOO{ hQ\][EMV\]|v RGWX^G}~\]KGp]cfHMNOCLjOCW]DEFGhQW]aip_\KG_uW]YPNFGWXa� hQ\]WXFv RGWX^G}~\]\
WXRG|�W]aiOt BCOW]F e hmRGqr^G\ocDHFJW e OCWX}~\]FGMVIGWXYHg\W]YHhmLjFGMVIGW]YEgZ]hQYE\]qs_uYHMVIGWXYHg

PNOSg]BCDH_u\]OCLZ]YHPZ]hQYEBCDHhmFGW]BCDE_`ORGZ]h�R e YEL\]qrYHDHhQYEZ]W]YHLDHhmFGW]BC_uOChQBSFGMVIGWXY_DHhmOCdn\]W]O
^GhmR e MVYEgYqsFJPNF

T
\hQOSxyOCW]\]Oe MVFJ_`OfHDEYHg_Z]hQOSPNBCDEFG_`MVKJOCL� a

DJc P�c\DHhmOCdn\]W]aik\xyDHFJLjZ]a
W]FW]F e hmRGqrYH^_`W]OSxyW]\]p_`MN\]KGW]\]KDHhmOCdn\]W]k_`qrFG\]LjYHPQOCg]BSDH_`\]gqsFJPNF

T
BCMNYH|~W]aip[HYEMVOCO

hQFGBSBCLjYHDEhQOCWX\]KPNMVK_`FJ|~W]YY
T
OCW]IhQOSxyOCW]\]KZ]YHMNW]Y e Y� W]FJW]\]O

_W]FGgXPNOCW]a[HaiDEILjY e RGDDHhmOCdn\]W]afHMNMV\]Z]DH\
T
OCBC^JYHgYH^JYHMVYZ]OShQOCLjOCdnOSW]\]K

Z]YHMNKPNMVK_`aihmFG|~OCW]\XK� _`W]aiODHhmOCdn\]W]FG��c^GhmR e MVFJK\xyDHFJLjZ� ^GhmR e MVaig
qsFJPNF

T
FJpYHBSOCBC\XLjL�OSDHhQ\

T
W]aipZ]hQYEBCDHOSg]xy\]p_W]FGZXhQKG|~OSW]\]g\Z]OShQOCLjOCdnOSW]\]g

Z]YHMNKPNMVKPNFGWXa_`aihmFG|~OCW]\XKKG_uW]aiOe PQO
hQOSxyOCW]\]gYHZXRJ[HMV\]^JYH_`FJW]W]aipW]OSBC^GYHMNIG^GYDHYEMVIG^GY� RGdnOSBCDH_�RG��D

e MVFJ_`FGp]cZ]hQOSPNaiPQRGdn\]p_Z]hQOSPNBCDEFG_`MVOSW]a[HaiMV\DH\]ZXFfHDEY e YhQOSxyOCW]\]Kl OC^GYEDHYHhmaiO
cZ]MVYEBC^GYEBCDH\_DHYEMVIG^GYZ]OShQOCLjOCdnOSW]\]KGLj\\W]FGZXhQKG|~OSW]\]KGLj\BPNOSMVY\]LjOCOSD

DHhmOCdn\]WDHOSYHhQ\]\qsFJPNF
T

\qsFJPNF
T

^GYEW]DHFG^JDHW]aipW]W]aipOhQOSx� YHMNIGxy\]W]BSDH_`Y

225

1989).1988b,1987g,1987f,1987b,1987a,(Fabrikant,

¨

¨

1975).Sih,and

(Kassir

1965),Westmann,1949;Elliott,1951;

(Sneddon,

0=

¨

z

�����V���H�

�����V�~���



 !"#$%&'()*+,-.'  )/+0 # + ,1 #(234.5.67 589  ,1 4'(:%+,;<=>.1 +?'  +?@A+> +  #(5.BC4 & : &
'()*+,-.'  )*94.DE)/#('  5.+,FG9H + 1 +,IJ+K : & @A+ $L&M1 ; + 0C$ #('  )/#N5.5.+,OPQR =STU=STEV9M'N:W+,)*4.X)  + 1 +,FG9

9 $ +?)/:W#  )/+ 1 ;M#  PQR =STU= R V7 6 1L&!0 #(5.4.#= ,1 #(234.5.6> +,)*# 1LH 5.+,'  #(-4.D+ $ 5 &#('  ,Y
4.5  #(@ 1 4 1 +,) & 5.4.;+ K : & '  ?Y4OSZ?VQOOP4VOOP +?[L\ & F]4F]# 0C$ 91L& 'N'  +,;M5.4.# ^
OSZ?VQOP ,1 #(234.5.6'  + 1 +?5> # 1 #(F]#(23#N5.4.;+ K +,D_5 & [ & #  @ $ #

 +
^
#('  ?Y'(:%+,;MO>.1 +?'  +?@A+> +  #(5.BC4 & :\ & \` 9M58\MBC4.X>.1 # $ '  ?& )/4  ?YF]+ 0 #NFa 6

 !"#$%&PQR =STU=STEV9M'N:W+,)*4.# ,1 #  ,Y #)PQb =STU=ST b V)/6 1<&M0 #(5.48-
4.D> +,'N:W# $ 5.#(@A+4PQR =STU= b Vc + $ '  ,& 58+,)/\ &'(+?+  )*#  '  )/#N5.5.+!=VP4VP
\ & \> +,584.F & X  'N;\M5.48@A#))/#ND $ #OVQOP4VP 4 >8&7 6 1L&!0 #(5.4.;

PQb =STU=STUd*VQO'(+?@A: & 'N5.+c +,:W+ 0 4.F]O` 9M58\MBC4.Xe=@ &!1 F]+,5.4.[<#('(\A9MX
+ $ 589[L# 1 #(D>.1 # $ '  ?& )/:W#N5.4.#NF9 $ +?)/:W#  )/+ 1 #(5.6K 6  ?YF]+,@?9  9M'N:W+,)*4.;f  4

$ :W;

$ :W;$ :W;

> :W+?'(\M+?'  45 &9M'N:W+,)*4.;MF]4@ 1<& 5.4.[L5.6gF]4'(F]#NI & 5.5.6gF]4
'(+> +,:L9 >.1 +?'  ,1<& 5.'  ) &$ :W;PQb =STU= d*V9 1<& )/5.#N5.4.-$ 4 `h` # 1 #N5.BC4 & : Y 5.6 H

'(48'  #NF]61 #NIJ#(5.4.#5 & -  4 ,1 # K 9!#  'N;+ K 1L& DE+,F "'(:%# $ 9MXi234.F' ` + 1 FG9M:W4 1 +,) & 5 &
K 6  ?YF]+ 0 #  D &!$%& [ &'(48FjF]#  ,1 4.48Ok : & @A+ $%&!1 ; ,1 #(234.5.6l='  + 1 +?5 & F+ K #(4.F

\>.1 48:W+ 0 #(585.6gF$%& )*:W#(584.#(F>.1 +?4.D_)*+,: Y 586gF'> :W+?'(\M+?'  4) ,1 #(234.5.+,-
> :W+?'(\M+?-+,'N: & K :%#(5.5.+?#>.1 +?'  ,1<& 5.'  )/+9 >.1 9M@A+?#4.DE+  ,1 + > 5.+,# ,1<& 5.'()*# 1 ' & : Y 58+

m & 'N'(F]+  ?1 4.F` 9M58\MBC4.Xe= ,& \!9MX +?: Y \M+[L# 1 #(D)/6 1<&M0 #(5.+K 6  ?YF]+ 0 #  
1 #NIJ#(5.4.#+ K 23#(#5 & @ 1 9MDE\M4.O5.+ 1 F & : Y 5.+?-$ #N-.'  )*4.#(F> + $ ,1 #(234.5.6> :W+?'(\M+?-
'(:L9M[ & #)[  +D $ #(' Y O> +,\ & D_6g) & #(Fa 6b =@A: & )/#)$%& 58+K 6g:W+` 9M58\MBC4.4

@ &!1 F]+,5.4.[<#('(\!4.# ,1 4[L# 1 #(DD &!$%& ['(F]#NI & 5.5.6 H5.#N\M+  + 1 6 H1 #NIJ#(5.4.#n K 23#N#

⌡
⌠

⌡
⌠

(4.1.5),0)(2=2=

¨

(4.1.4),
d)(

=)(),,(

(4.1.3)/=

¨

(4.1.2).0=)(),(=)(),(=)(

(4.1.1).<)(<,0=

;)(0,=;)(),(=

0:=

0,

0,=

226

x,yw
z

F

S

rNzM

R(M,N)x,yw

R(M,N)

SN
zFzF

F

mcc

x,y,zFx,y,zF

zFzF

zFzFczFzFczF

x,y

Sx,ywSx,yx,yp

z

z

pzS

π−ωπ−∂
∂

ψφρ
ω

ω≡φρ

γγ−

∞∞−τ

∉∈−σ

≥

opq r,qs

t,rMuWv

wWxWyWz{|J}~�yW����}g|J��y���xW|�������yW}e|����<�C�����

�i���W���.�(�.��i�W�C���.���.�i�W��i�C�W�i� ¡<�%���.�g�%�
¢£¤A�g¥A¦W¡<�i¤!��i�W¢¦%�C¤!§¨�g�i�© ���%¥!�.�.ª«W¬®

z=0

S

21121

3222111

z

z

¯¯
¯¯





 !" #$% &'()*+,-./01 &'23456578.459:7;<+=>452&'?@('A;B+0CDE./2*+4:457;A@./FG<+65<+HI 45?@J+7;F/KLHMI ()7;( I ./&)<+F/4 95KL6:N2345O-()61PQ!"RST" UV%B+78< M F/()F/./(./F/6:('W!78<+?XN+F/4:(Y &'F/4 M F/4:(6578('DE./F/K "7;<+A;.GB+& ('&)65NZ B+&)65N*+78B[W!?X<[J "6578('DE./F/<*+4:W!A@<M 4:=\2345O-FG45]^ B+FG*+,-./J+H_ ?@('23('F/6:<+7;F/KLH
M7;()`a('F/./(b 45c8F/45(

Q!" #:"&'()*+,-./.M6578('DE./F/K459:DE('d&'?;B+c;<+0 *23&'J(M ()7;Fe KI 45A;7;459:F/4 "954:?X('(6578('DE./FGB*+78B[W!?@B[0F/./O-(7;<+&)&'23456:7;./2e K

./& I 45?XN+=>4 M <+F/Kfg95KL?X.654:O-A@('&)6 M <h ?X()A;B+0CDE./("]459:<.].
654:c;*+<+23.A M B+23J23('O-A8B7;<+&)&'6:45J+F/./(459:45=\FG<+c;<+()6%17;<+FGN+`a('].*+<[*W!A;(']

B+78< M F/()F/./0ig./F/6:('W!78<+?XN+F/4:2jB 45&)F/4 M FG452jB*6(M ()A1PQ!"RST"RS>%B+&)?X4 M ./(I ()7 M 45(M1P !"RST"RS> :%.1PQ!"RST" #$%Z 45A@&)65<+FG4 M *+<

*+<[*A@<+FGK9:B[A;B+6^ B+FG*+,-./.Z 456:('F/,-./<[?XN+F/KL(

M ./A;($gM1PQ!"RST" kV%.1PQ!"RST" l$%./=4 I 78('A@()?XJ+0C65&)J.Z 45&)6545J[F/F/KL(

g. A@?XJB+78< M F/()F/./(M 6:457;45(A@<+0C61P !"RST" kV%.1PQ!"RST" m$% ]1PQ!"RST" Q:% ]1PQ!"RST"  :% ]M KL78<+O-('F/.GJb ( I ('7;N

⌡
⌠

⌡
⌠

⌡
⌠

227

)(
)(

d

d

d1

H

1
=),(

¨

(4.1.10)).(2=1)+1)/((1,=

(4.1.9),
)(

d)(

4

1
=)(

¨

(4.1.8)

).(
1)(2

=(z)),(
1)(2

=(z)

(4.1.7).
1)(2

=,
1)(2

=

(4.1.6)1/2=//

x
x

xx
p

a

HAmmmm

SNNN

N,NNR

,NNR

SN

H
Np

zF
m

FzF
m

F

m
c

m
c

cc

cmcm

cc

−ρρ)ρ(ρπ
−φρ

γ−γπ−

∈

ω∆
π

−

−π

γ
−−π

γ
−

−π

γ
−−π

γ
−

πγ−γ−

n!o'pqrst'uPv'wn!xqr$yzo){:|'n!xq}~!r$xqw!u��\xq{:|)n!xq}�V��}!���q�Tw!��y~!xq��qr$���-w!n[o� {:xq��v'o)���� �

LL
2

1/222

0

2

21441121

S

20

2
2

2

21
1

1

1

2

2

2
1

1

1

222111

1

�
�

��

�

0

0

�[�X�s���z�z�j��X�@�@�+�X�[� G�X¡¢ �X�z�z£¤ �X�z�@¥¦�z�

ρ



 !"#$%&'()*+,-./012345/06578-.9:;<  

=%> +,15? =%@A("!BC < 45DEFA- @2345/06578-.D G =%$H 
/.78-01 BI& /04JD: B 1JKL/04JDKLMN+'15?O- $H&/.1 @G =

?PK =HB 9  !$QRS;TUVWT SHXKQRS;TUVWTUVWYZX[ = < "#$ 15/ = KL651
/.15\ <  /.1 T2345/06578-.96 = :;< 1-.?PK  !"#$ /.M @ -.]" +'15?P4"!$ 15/ = KZ9 $%" 9-
2345/06578-.-=%>H 651J6$ 1J62345/0657  \.]G =%$H 

/.78-01 BI& / = \: B 1JKL/ = \QRS;TUVWT SHX ]K= G
+  <  #BI /.1

= /.1651J6/.15?PMNKL1 $H&> 4 <  !@^_M+  #`a /.-.9 TG =%B
45b  /.-  c7  !BC&

/.1 ` 1G BI=H"
6 =H"!$%& DKL/.- @ 15/.-  /.1 `a = : +,15/.-.b'-.KL1  #@/  @ M: B 1JK  d%$H= \e

:;<  

- @f /0/ = ]1QgVWT S;T YHYZX ]-.?
G =%B

45b  /.1> M $H&@f=%h8 #$+  #`a /.-.92 = + @ 1iA+'4 : 159

QRj;T kHT jHX (K= G
+  <  #BI /QRS;TUVWTUVHVPX ]6=%> +,1 $ /0MN\= G  

+,1 $H= +,]lm/ $% : +,1 BC& /.MN\

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

.
)(

dd

)(

)()(
tan
)(

1
=

),;,,(=)(

(4.1.15),dd),(),;,,(
2
=),,(

),,,(

0:=

(4.1.14)

./)()(=,)]cos(2+=[

(4.1.13),ddtan
),(

2
=

(4.1.12)).,(
d

d
4=),(

(4.1.11)

).,(
1

)(

d

d

d

228

M,NR

rr

N,NRa

ara

N,NR

zKM;NK

K

pzKHzF

FFF

zF

z

aaaR

RR

p
H

p
xxx

x
H

xx

ψρ−−

φρφρ

φρρφρφρφρπφρ

φρ

ρ−ρ−ηφ−φρρ−ρρ

φρρηφρ

πω

φρ
ρρ

)ρ−(

ρρ

)ρ−(
φρω

φρω)ρ(−ρ

ρρ
×

n3opqIrsoLtOo

uIvIwIxyza{|}wI~���{Nza��w���vIz����s��wI{�z����'�8�����

L

L

0

1/2

0

221/222

-1

0
00

2

00

0000000

00

2

1/2

0

221/2221/2
000

22

000
-1

00

00

2

02

0

1/2

0

22

00

0

1/222

0
0

1/222
0

00

��



















a

0

a

a

xa

x

a

π

π

π

ρ



 !"#$%&'() !*+,-./01.2%3'456+78*9 1:$%1 9 78-:&';8 "!<=>#?
*@ !AB1:>CDEFGHIJG K#L#MN <=$O&'AB1.;87P19 1:$%1.*@1.;P;8<=Q(R&S*@1.;P3T - 9  #/U?'(V3'W
CDLFGHI)E#MXGN 9 $O1.201:/U1.;8 Y & YMDZC !"# !(R;P&'[%&'1:>Y ;87P\F1NN -:452%3-. Y $%&'6+1:;87817

] 201:-.?

IJG EFG ^0IVM ,C -.*@ !>!$O7_  9 1:$%&'># !$[%1:$%1.(9 $%1:20-.>#& N /U1:;8781` YSN 7 N &S/U1.;8>#;8 !1
78- 9  !/U?'(V3'1:**@<1.-:/U7 ![O1 N 782%;8<=* Z-.>#&';8 N 78>!-:Wa >! ;8&'\!$O3'( Y 7 G9  !/078;8 !*@78&S/U?';8 !b

/U45"# !b20/UWc 3'; Y'd 78W'Q`!/01.*@1.;8>#&'$%;8<=QNN <=$O&'AB1.;"!<=>#?*@ !AB1:>
20/UW20&'Ae1N <=[O78-./U1:;878W20/UW>!$f3'20;8<=*N <=\!/UW'2078>7QP !>#WCDEFGHIJGHIRghMDZT ;8>!1:\F$%&'/

(R& 9 78-.&S>!?O,
;8&'*9  !( N  #/UW'45>CDEFGHIJGHI)i#M7CDEFGHIJGHIJjkMl <=$%&SAB1.;878W7Y  #\F20&CDEFGHIJGHI)E#MDZ

N 9 $O1.201:/U1.;8& !;8&Y & YZY-.>#$%1.*@78>#-.W[%># ] &S*m1:>!78* ZCDLFGHIJnkMXG 9 $O1.201:/U1.;87P4
-. #\F/U&'-:;8 MDZC !"# !(R;P&'[%&'1:>Y ;87P\F1NN 1:(R201 !"# !(R;P&'[%1.;P781;8;8 #11-. Y $%&'67

\F2%1

(R& 9 78-.&S>!?O,*@ !AB1:**@<CoIJG p!GHIRghMDZT - 9  #/U?'(V3'WIJG p!G-.1 Y'd 787N9  !/%3'[%1:;8;8 !*q3
78;8>#1.\F$O&'/03c 3';P20&'*@1.;P>!&'/U?S;8 !*q3"!/0&'\F !2%&'$%Wc 3'; Y'd 78W'Q Z`!/01.*@1.;8>#&'$%;8<=Q

NN <=$O&'AB1.;8<"!<=>#?*@ !\#3'>9 $% #78( N  !20;8<=11.\! N -:1c 3'; Y'd 78W'Q Z`!/01.*@1.;8>#&'$%;8<=Q
NCDEFGHIJGHIRphM78;8>#1.\F$O&'/N <=[O78-./U78>#?*@ !AB1:*;81*@<r  !>!WZHL#MXGZC7ZHL#MDZZC
MDZZZC>! #[ Y &'*@7s,-. # !> N 1.>!-:> N 3S456+78*@7*@1.AB2O3$%&'-:-.># !W';8781 !"# !(R;P&'[%&'1:>MZC] 201:-.?

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

229

),(=),(=

(4.1.21),+1=)(

(4.1.20)

).,(
])([

d

)(

d
8=

const,=

(4.1.19).dd),(
)(

tan
)(

1
4=

.<0

¨

(4.1.18),/)()(=

(4.1.17),
)(

tan
)(

2
=

(4.1.16)

xgttlx

all

x

z
xxg

p
xxgx

x
H

z

F

p

p
M,NR

h

M,NR
H

z

F

az

h

all

aalah

M,NR

h

M,NRz

K

NrN

zMR

−ρ

φρ
ρρ

ρ−

ρρ

ρ−
π−∂

∂

φρρφρ−∂
∂

ρ→
η

ρ−−

π−∂
∂

φρψ
φρ⋅⋅

tFu.vwxyz.{D|.}tF~wxk�eu:�#�.tF~w��Fxk~w}F{��R~w�#�:tF~w��h�V�F���w�J}F����F~w��wxk�V�B}FtSu� �#~w��|.u:��o� �

L

L

2

1/2

22

2

02

0

1/2

0

22

00

0

1/222

(0)2

00000
0

-1

0
00

2

1/2

0

221/2

1

22

0

-1

0

��

��

���

























g(x)

l

l

aπ

2



 !"#$%&'()*+,-.+,-/0123456787 #9:;#<=6> 5 :;?@A & = 5 #'()*+,-.+,-/012B+A=6=8C!D#?@E6:F# $ #9GHI : 5 = &
7 CJ=8KJ> 565E6:;? 56L AM? $ =6NOP 5?@Q  @& GRS!=6NOP 5Q #9E6#<:;SE6:;? $ ?@GRT &! SPU?@TV#9PW N

'()*+,-.+ XY)Y2 "Z@K!A 5 A & GR#<=  =8CJD7 ?@:FP[CJG%C H$ :FC!\@CJD #$%&
E6#9:;#<PU#<=8=6NO]L & PU#<= &^ :;?@Q  @&J_= & \@:FC L K 5 +E6?@G 5 =6?@P 5 & GRSJ=6?@`E6:;? 56L AM?@GRSJ=8?@`$ G _

7 CJ=8KJ> 5 _ ]Z@G%#<PU#<=  Y& :;=6NO]AA1NO: & TV#<= &a N  SPU?@TV#  ?@= &b; ?$ ?YK & L NOA & #  H5
7 CJ=8KJ> 565E6?  #<=6> 5 & GRSJ=6?Y`A1N b 5 Q<GR#9= 5 _ ? b =6?@\@?$ G _C $ ? a =6?'()*+,-.+ XY)Y2c NO: & TV#<= 5 #

? a : & L ?@P "Q<G%# $ CJDde 5 PPU? $ 58785 > 5 :;?YA & =6?a N  SPU?@TV#  '()*+,-.+ X*fM2A1NO: & TV#<= 5 #g )*+,- H
g E6E6#9= $ 5 KJQ &56L' g )@+,-.+ X@h125' g )@+,-.+ X*iM27 ?@:FP[CJGRNQ<G%# $ Q  A 5 #9P_ AMG _ #  Q _KJ?  ?@:;?Y#

Q<AM?@`6Q  A1?j Q<E6?YGRS L C _

7 ?@:FPU# "A
'()*+,-.+ XYXY256L?@E6:F# $ #9GR#<= &a N  SPU?@TV#  ?@= &a #9Q<KJ?Y=6# b =8?@Q  5 H= &5 Q b # L & #  k CJ=6K!> 5 _

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

.
)(

dd

)(

)()(
tan

)(

ee
=),;,,(

¨¨

(4.1.25)

).,(
)(

d

)(
)(

d
d8=),,(

¨

(4.1.24)

).,(
)(

d

)(

d
d8=),,(

,
)(

)]([

])([
=
)(

(4.1.23)

).,(
)()(

d

])([

)(d
d8=),,(

(4.1.22)

).,(
)()(

d

])([

)(d
8=

230

N,NR

rr

N,NRa

ara

M,NR

r
zK

K

p
xtxx

x

t
ttHzF

F

p
t

y

y

y

t
tHzF

z

tl

tl

tl

t

tl

p
tlttl

tl
zHzF

F

p
tlttl

tl
H

z

F

ψρ−−−ρ
−φρφρΛ

φρ
ρρ

−ρ−

ρρ
πφρ

φρ
ρ

ρ

−ρρ−

ρρ
πφρ

∂

∂

−ρ

ρ−
−∂

∂

φρ
ρρ

ρ−

ρρ

ρ−
π−φρ

φρ
ρρ

ρ−

ρρ

ρ−
π−∂

∂

lRmRnRopqrstunRvwxysOqrz{nz|ymRqw}~���wnRs�qw���F}Vxy�{x

L

L

L

L

00

1/2

0

221/222

-1

3

00

2

00

02

0

1/222

2

1/2

0

22

00

00

02

0
2

1/222

0

1/2

0

22

00

00

1

1/2

1

22

1/22

2

2

2

0

2

2

0

1/2

0

22

00

0

1/22

2

2

2

0

0

2

2

0

1/2

0

22

00

0

1/22

2

2

2

0































iia

tl

ta

(t)lta

taz

ta

ψφπ

1

∞

∞



 !"#$%&
"#'()*+,-. )/01)*2#"#3456#789:2#78;<7$:9%32=>?@A2#BC >4$D>?-E?7F-87 . BG)6 . 7F"#HI J78$:2#BG)/5KLM -FN?9%O?2=BG)

"PQR<STUVSTUVWJX 5 2)786 . )*$:)/9PQY<STUVS ZJX 5 $:N?2=N;<$D)

2#N?6=" M N?-FO[&
'(78@\)/''(BP]^_R8S `FSTUFUaX 5b M 6#7F9%O?Hc>?3^dR<S `FS^ 6#6#)/2#$:"#E M )  !BGe[" M 9%)/2"#2#-F)*; . N?9f -87F-

231

(4.1.31).
))((

e

+

]e[

e)()(
+tan

)(3

)(
tan

e2)(
2=),;,,(

(4.1.30),
ee

+
e

+
+

tan
ee

2=),;,,(

(4.1.29)

,
]+[

tan2=),;,,(

(4.1.28).]+)cos(2+[=)(=

,e=,ee=

¨

(4.1.27)

,
)(

tan
)(

tan
2
=),;,,(

(4.1.26)

lllRq

q

hR

zh

lsq

ala

R

h

Rq

zRz

al

s

sqsq

a
zK

RllhR

h

R

h

R
zK

z

R

z

ll

l

hRz

h

R

h

R

z
zK

z

zM,NRR

asq

h

al

s

s

a

R

h

R

z

q
zK

ρ−−

ρ
−−

ρρ−

ρ−ρ−−
−

−

ρ
−

ρ−
πφρφρΛ

ρ−ρ

−

ρ

ρ−ρ
πφρφρΛ∂

∂

−
−

−ρ
−πφρφρ

∂
∂

φ−φρρ−ρρ

)ρρ−(ρ−ρ

Λ

−

ρ−
−

π
φρφρΛ

g<h*ijklm*nQo*pg<qjkJrAh/sFt*g<qjuv<kJqjp<n]wIqjsFt/g<qjux!ycu<z{|jwVp<y{rv<qjx|jkJyc}\p<g4h~ sFqjz{o*h/���� �

2

2

2

1

2

2

2

22

0

22

0

2

02

22

0
0

1/22

2

21/2

0

22

0

-1

0

32

2

0

2

1/22

2

2

-1

2

0
0

1/2

0

22

00
2

0

2

0
0

1

2

2

22

0

2

0

-1

0

3

0
0

00

0

2

2

1

2

2

2

1

22

2

0

2
0

-1

0

3002

2

1/22
000

22
00

1/2
0

20
0

1/22

2

2

-1

1/2

0

22

0

-1

0
00















































































i

)--i(

i

i

iii

ii

)--i(-i-i

φ

φ

φ

φφφ

φφ

φφ

0

0

φφ

φφ



 !"#$%&'&!()*+,-. &'/012 !304-*5)6 $%"#$%&!78+09:&!;<4=
&!+0>'9:30?2$@&! !A >!$@9:$%"#$%BC$@&! !A>!( 6 3D 6 39:$@EF$%&! !$>!( 6 &!()$DG+0HI7JKLMNOL PGNQRS JKLMNOL T8J 

S JKLMNOLMNUV8R *S JKLMNOL WXR *S TKLMNOLMNUT8R *S TKLMNOL YZR *[ ()9\" . 6 ;R **M]*S7)(8^:/0+04=&!+0>'9:+0= 6 $%&! !3_4
>!9:(87) !=Z(8>!( 6 (8?2&!;<4=>!9: 6 ()?2$%&'&!;<"# `  6 +0"# ` ( ` 9:$@DG()78()^:$%&'&!;<"# 

9:+0=X&!;<"# DG= . "#3()78/09:;<=Z+_$%" . H7)9\$%BC !& . */09 ._a 6 . Hb + `@` "#()789: !"

a 9\+0&! !12$ L$ a (//09 ._a +12$%&'7)9:+ !cDG=X a +0$@7 ` 3/0(8()9:DG !&'+07&!+0^\+ 6 (
 9:+0D: . `/0( a DG+JKLMNOL PGNQR *S JKLMNOL T8J`%6 . ^:+0A>!9:$@DG$ 6Gd &!;<A9:+ `@` "#()789: !7)$e

&!+ a 9 . cU/0 L
&!()9\"#+ 6fd &!(8ADG$@A ` 7)=X !$%">!()D>!9:( ` 7)9\+0& ` 78=Z$ !cU()7)9:(8>!&!()"7)9\+0& ` =X$%9 ` + 6fd &'(

=7)9\$%BC !&!;> 6 ( ` /0(8A>!( 6 .ghij $ ` /0(8&!$%^:&!(8AD 6 3k 9: !&'+,-. &'/012 ! l +0A!DG '7)$JKL

S JKLMNOL PGNURmLS JKLMNOL T8V8R=Z;<=X()Dn 9:()=X$%9 d 7)$P8L

S JKLMNOLMNopZRmL` >'9:+0=Z$@D 6  !=X( ` 7 dn ()DG78=Z$%9\DG !7)$TKL

S JKLMNOLMN ] RmL7)(8?2DG$ ` 7)=Z(q ()/0+_?2 !7)$NOL

` $@/012 ! L5 78()A9:$@c . 6Gd 7)+078;a 6 +_=Z&!;<$` ( j ()A>!9:$@D ` 78+0= 6 3_HI7
JKLMNOL PGNQRS JKLMNOL T8J S JKLMNOLMNUV8R[ ()9\" . 6 ;DG+0= 6 $%&' !3 L>!9:(8 !co=X( 6fd &'( a (DG$@A ` 7)=X !$%"
>!()D7)9\$%BC !&!$/09 ._a 6 (8A(co+_DG+0^: 9:$@EF$%&! !$( j BC$%$co+_/0+0&!^\ !=Z+0$@7 ` 3r 7) !"

(4.2.3),)(
1

1)+(

)(
1

1)+()(

2
=

(4.2.2),)(
1

+)(
1

2
=

(4.2.1),)(
1

+)(
1

2
=

.<

,

232

zf
m

zf
m

P

zf
m

m
zf

m

m
HPw

zf
m

zf
m

HPu

a

P

a

γ−
γ

γ
−

γ−
γ

γ

γ−γπ
σ

−−π

−

γ

−

γ

π

−
ρφρ

∞→−

−

−

sItKuvwXx

yfzf{f|}~F���{f�����<~F�g{���zf~�������{f��~����\�2���g�

�_�I����_�G�_���_�2�f�G�f���_�<�I�G����K�<�K�f \�I�_¡¢ �f��G�2�_£¤�<�I¥¦ ��§'¨-��¥!©ªf« ¬

23
23

2
2

2

13
13

2
1

1

21
21

22
2

2

12
1

1

21
2

2

11
1

1

0


































®\¯°±²F³�´fµg¶·¸�¹º¸�»�¹

±



 !"#$%&'&!()*+ ,-(./012+3-4!56()78+-$%9.:%;-*<=>0? @0? ABC
12DE;FGH 5I+JKL$%&! !$MI9.(&!+-4'()"# !&!+-$N"#*OPH

/01I$

233

,>0=

.]+)cos(2+[=

(4.2.11)

.
ee

+
e

+
+tan

ee
=)(

(4.2.10),
))((

e

+
+

]e[

e)()(
tan
)(3

+

)(
tan

2e)(
=)(

(4.2.9)

,
)+(

+tan=)(

(4.2.8),tan
1

=)(

(4.2.7),tan
)(

tan
)(1

=)(

(4.2.6),)()(
)(

=

(4.2.5),)()(
)(

=

(4.2.4),)(
1

+)(
1

4
=

az

zR

RllhR

h

R

h

R
zf

lllRq

q

hR

zh

lsq

ala

R

h

Rq

zRz

al

s

qssq

a
zf

R

z

ll

l

hRz

h

R

h

R

z
zf

R

h

R
zf

R

h

R

z

al

s

s

a

q
zf

zfzf
P

zfzf
P

zf
m

zf
m

PAH

ρ
σφ−φρρ−ρρ

ρ−ρ

−

ρρ−ρ
−

ρ−−

ρ
−

ρρ−

ρ−ρ−
−

−

−
−

ρρ−

−
−

−ρ
−

−
−

ρ−

−
γ−γπ

τ

γ−γ
γ−γπ

σ

−

γ

−

γ

πσ

QRS0T.UQRVWQXYBZR[\VW]WV^_BZR`0`JV^a[\ZRa0QX]Wb^S0ZXcd0VW[]WYBZReLS0`Jfg YhiNjkT.fNlmkn o

z
1/22

000

22
0

0

2

0
0

1

2

2

22

0

2
0

-1

0

3

0
0

5

2

2

2

1

2

2

2

22

0

22

0

2

02

22

0
0

1/22

2

21/2

0

22

0

-1

0

32

2

0

2

1/22

2

2

-1

2

0
0

1/2

0

22

4

0

2

2

1

2

2

2

1

22

2

0

2
0

-1

0

33

0

-1

0
2

0

-1

0
1/22

2

2

-1

1/2

0

22

1

2515

21
2z

232131

21
2z

24
2

2

14
1

1

662































































































iii
ii

i

)--i(

i

i

φφφφφ

φ

φ

φ

0φφ



 !"# $%&'()*+,!-./0$ !"# 1)234 "!* 2$%567856$%"!(9*+0/(:;&<0 1 ./&'"!= 1 .>$%()-$:;(9&<()*+()?@(9= 2 (
=;0/&'*+" 4AB =;0>(CDE 0>7F=;"!G 2 *HIJ-KL-M./0>G< !"!N$=;"!:3&<"!$ 4 ()= 2 ,#N:;&<0>. 2 $%0>:;0 4 0>OP=;56N

$./&'()? 2 =;51 .>0/&<0>=;"!* =;0/&'*+" 4AB =;0:;& 234 0/OP()=3=;56(1)234 51 0 1 &<(9QR0/.>0/G<()=3=;56(
()Q 2 = 2 G<=;56(QR$S(&<"!$S=;0/$S( 1)232TU$1)231 ./(9*VW$%.>0/&'W!XY " 191 *+0/.>& 2 *

J*+0/QR"
:;(9&<$%0/Z/0=;"!:3&<,!OP(9= 2;[ !0>=;\P()=;.>&<"!\ 2;2 !0>]/^3^ 2 \ 2 ()=;.2./&'()? 2 =;5:;(9&<()*+()?@(9= 2 ,

0/.> !&<56$%"#X_? 2 (=;" [ . 2./&'( E W#(). 1 ,` "!*=;"!:3&<,!OP(9= 2;[ J0/.1 $S0 E 0>QR=;5./&'()? 2 =;5
a ./0>&<0/=;5J0 192=;"!:3&<"!$ 4 ()= 2;2$H--M./0>G< !(:;&<0 2 7F$S0 4AB =30 [$:;& 234 0/OP()=3"

1)234 "1 0 1 &<(9QR0/.>0/G<()=3=;"!,b W 1 . B: 4 0 1  !0 1 . 2$&<"!Q 2 W 1 "./&'()? 2 =;0 [ !&'W#Z 4 0 [
0 194 " E 4 ()=;=;0>(:;&<0 1 ./&'"!= 1 .>$%0/-2 780/./&<0>:;=;0/(./&'"!= 1 $S()& 1 " 4AB =30Y " 191 *+0/.>& 2 *

McdeJ feJKg>g8HIJMcdeJ feJ h>H^30/&'*VW 4$%56$S0/Qb &<0/$S()& B ./(feJ
./( 4 " J2 780/./&<0>:;=;0/Z/01)4 W!G<"!,Q 4 ,McdeJ feJ i%HMcdeJ feJKg8H&<(9jk()= 2 (l 56$%(9Q 2 ./(gmJ

gFnSh>d>HIJMop ()&<(9:;"!=;0/$S-&<(978W 4RB ./"!.%W2 78$%( 1 ./=;0/*VWN30/&'0/jk01 0>0/./$S(). 1 ./$SW#(). !0>./0/&<5 [

QR"!$ 4 ()= 2 , U=;=;0>Ze0(&<" 1 :;&<(9QR( 4:;&<0 2 7F$S0 4AB =30Q 4 ,=;"!: 2;1 "!. B*+0/OP(9*q 5

McdeJ feJKg8f>H U2 7:;0 4 W!G<(9=E 56. B*+0/OP(9.&<(978W 4RB ./"!.1)4 ()Q<W!X_? 2;[

=;"!:3&<,!OP(9= 2;[ !0>=;\P()=;.>&<"!\ 2;2 !0>]/^3^ 2 \ 2 ()=;.C :;&<(9QR( 4 ,#,

⌡
⌠

⌡
⌠

;

0.=

,
)cos(2+

dd),()(

)(2

1
=

¨

(4.2.13).
)cos(2+

)(

)(2
=

,}){(lim=

(4.2.12).
)]cos(2+[)(

)(
=

234

wQ

Q

k

OzzP

za

aa

pa

a
k

aa

a

a

P
k

ak

a

aP

φρ

φρ

−

−

φ−φρ−ρ

φρρφρρ−

π

φ−φρ−ρ

ρ−

π

σ−ρ

φ−φρρ−ρρ−ρ

ρ−

π
σ

rAsAtAuvwkxyztA{|}Tx6wk~�t~�TsAw|�����|tAx�w|���'�P}T��}

�R�P�#���6�_��;���3�����A��'�6��_���A���;�)�;�� �R�#���# ¡�R�A�R¢P�e�6�_�;£¤A¥ ¦

Q

000

22

00000
1/2

0

22

00

2

1/221

000

22

1/2

0

22

1/221

z
1/2

1

000

221/222

1/2

0

22

2z

§§

¨

a

©'ª «¬k�®A¯�°±²�³´²�µ�³

π

a

±

→ρ



 !"#$%&'#()"*+,-./
0#12'*()3245-.0#"#672890#:5-;0#/9()12:5"#"7289<=>*>*"#:5"*-;0#/=1$?@%3 !AB(C1245-;0#"*-D 8=89/= !-./=E;/9 FG2HIJK-.-

L G212E.E;890#1CM7289<=>*>*"#:5"*-;0#/-;E./=N"E;$) !"#OP1QR+S8=$)GQ@%N-;E./=NT $?-.E;N

 '#()-. !()1QJU1Q-;/=E.3VWX M Y9MZ[\] !AB(C1245-;0#"*-/=-.@%12R"#^\8=/=()89'#0#8=O=8E;@)G2_)12-`
$?@%3

0*G2@?H7E;/9()-;+S32JK"*+,E.3E"#E._)-;^\12-;/0#12'*()3245-.0#"#672890#:5-;0#/9()12:5"#"a 8=<9>*>*"#:5"#-.0#/

OP$)-

721Q78='#(C-;$?-.@%-;0b AB/9N
+S8=45-./0#12'*()3245-.0#"#672890#:5-;0#/9()12:5"#"a 8=<9>*>*"#:5"#-.0#/VWX M cPM dF]eM 8='#(C-;$?-.@%-;0#0*AB+E

 !"#$)-F& /=(C-;JK"#0#A'#-.()-;+S-;JK-.0#"#-8=/972()AB !1QHIJK"#-/-$?17289/=8=()AB6

/Q&-$?1E;"*E;/=-.+S12+$? fG2+<=/9"#+7 !^\12"#+S0#89E;/="/=-.8=()-.+SAL ()"#@%8945-;0#"*-
ME;"*@%12+S" !AB^\AB !12-.+SAB-/=(C-;JK"#0#ABR'#-.()-;+S-;gh-.0#"#-8=/972()AB !1QHIJK-;--;E./=N

235

.
)2(1

1
+1

)(8

)(
=)(

(4.3.3).tan
+2

1

tan
1

=),(

.

(4.3.2)

.+)cos(2+=,/)(=)(

,)(
1

+)(
1)2(2

=

)(

),(
lim

8

1
=)(

(4.3.1),)(
1

+)(
1

2
=),(

¨

,=

¨

ll

l

r

z

ra

laP
k

R

h

R

z

R

z

ll

l

hR

h

R

h

R

P
w

a

z

zaarrlazf

zf
m

m
zf

m

m

a

P

a

w

H
k

f

zf
m

m
zf

m

m
HPw

PwQw

Pw

−

−ρ
−ν−π

−
φ

νµ

−−
−

−ρ
−

ν−
µπ

φρ

≥ρ

φ−φρ−ρ−

−−π

ρ−

φρ

πφ

−−πφρ

ijkFlmn5oPpQqr.kfs;tuv!wjxyzpPlpP{;tjkfs;|Wr;{} wj~mkFlm�Fwjijwj�FlmpPpP{;��u� �

1

2

2

2

1

22

2

2

221/2

1/2

1

22

01

0

-1

0

3

2

0

2

2

1

2

2

2

1

22

2

0

2

0

-1

0
200P

2
0

22221/2

1

22
6

26
2

2

16
1

1

21/2

1/2
0

00P

01

22
2

2

12
1

1

00P

QP

P

�

























































aa

aa

a→ρ0



 !"#$

 !"#$ !"#$

%&"#'()*+,'()*-./
0&12,)3"#'.45/&$,6789:1,0&/&;<0&=>6)*6?@3AB1,0&0&=>62, !'(4C"#@3-.4C'(9<$,DEFG@*@%&'."<2,%&9<'()*-.9:1,0&)*-(4C1
 !"#$HIJ8KLMNK O5P2,9:1,4C0&@30&/&Q !/&RSRT@*9<@30&UV/&1,"#WX0&=>Y)*/T)*-.@36?=9<@3AB@*0&/&@0&1,QT-./

'.Z(9<1,[\'.6G])*"!@* <2,DEFG/&6)*RS'.9<6^2,"#/T9<'.4C1X0&1Z.=>-(W6?'._V@3-` 1X !1,;<11,0&-(/&)*/&6?6?@3-.9</&;:0&' K
-.9:@*FG/&0&=)*-('.9<'(0&1,6'.Z(@*/&6+%&9</T"#'._V@*0T0&'.Q0&1,7.9:2,[\+,'.Q)* <4C/&781XDEFG@*Q

%&9<'(/&[a45'."#W,0T'.Q)%&"#'()*+,'()*-./4-.9:@*FG/&0&'.Q%&"#'()*+,'(Q'.)3"#1,Z."!@*0&0&'(@
%&9<'()*-.9:1,0&)*-(4C'2,%&9b2,78'(@/&[\'.-.9<'(%&0&'.@-.9:1,0&)*45@*9<)31,"#W,0T'c 1,)3)*6?'.-(9</&6

%&9<'()*-.9:1,0&)*-(4C@ K
/&[\'.-.9<'(%&0&'.6-.9:1,0&)*45@*9<)31,"#W,0T'4-.9:@*FG/&0&=+,9:2X78"#'(Q4C0&@%&9</T"#'._V@*0T0&'.Q)*/T"#=>d

)*'()*9<@3 !'.-('.;<@*0T0&'.Q%&9<'(/&[a45'."#W,0T'.Q)*"<2,;<1,$ !"#$9<@3AB@*0&/&@%&'."!0&'.@e =>4C@3 !/&-.@J8K

HIf8K O(K J(Pg 9<'.45@*9<WX-.@MNK

)*"<2,;<1,Q K'.)3@*)*/T6?6h@3-.9</T;<0&=>Q
-.'("#W,+,'9<1,)3)*6?'.-(9<@*"+,'(-.'.9<=>Q9<@3[\2,"!W,-.1,-(1,6?/))*'(78"#1,)i2,@*-()*$;<-('

'.Z(9<1,[\'.6G])*"!@* <2,DEFG/&6
2,%&9:'.FG1,DE-.)3$f8K O(K f(PHIf8K O(K ORT'.9:6^2,"#=/)*/T6h6?@3-.9</&/'.)3@*4C'(Q)*"<2,;<1,@e

(4.4.1).<)<(=0,

;)(0,=;)(),(=

0:=

0,

0,=

(1962),Collins

,
+1

1
+1

)+(22
=

,
)+)(+2(

)(
+

+
tan

)+(
+

)+(

1
=),(

0,=

(4.3.4)

236

x,y

Sx,yuSx,yx,y

z

z

zS

za

z

za

Pa
k

zaz

az

z

a

z

z

z

P
w

∞∞−σ

∉∈τ−τ

≥

ν−√π

ρ

ρ−

ρ

ρ−

ρρ
ν−

µπ
φρ

−ρ

j#k#l#mnoBpqrl#stuvp>oBwblwxvk#otyz{|}tl#p~ot���:yVuv�bu

�E�|�#�z�&�*�&��X�V� �>�S�&�����X��E�V�#�E� � �!���&�>�!�
� �8� �8�#� �E�X��E� �� �V�X���>�E�� ��� � �&�&��#� �

z

z

22

2

222

1/2

1

222

0

2

1/2

0

222

1/2

2

0

2

0

22

-1

3/22

0

2

2

1/22

0

2200P



























�:  ¡¢B£z¤#¥b¦§¨z©ª¨z«z©



 !"#$%&'()*+,-./01$%2!3!$./4+567849:;2<=>7&'$%01,-$)*3

49?+"#,-5@497AB()0'$)&#C-DEFA3!7GHIJK IJK L/MC- !"N49FA,-$)* !"#$%&' !490'49:;$)2<3!$O *94

 !490'49:;3!*9PC-&'4+?92!=>7Q "#$%&'()*9,R./01SR$)*9(%S

. !"#$%./"#,RFT,R$)*9(%SGHIJK IJK UVMC-"N,-./2!$%2!3!$
W 49X9&',GHYJKZ[\K UVM]K.49 !"N$)&'$%01$)2!=349 !$%"#,-*+49"#=&'3!^_^<$)"#$%2!`;3!,-01PR2!=>$XJ&#$

*RB$&',GHYJKZ[\K L/M
.GHIJK IJK Y+MQ 49&'(%*9,-2<49./a-,C-&'4+./01$%*9./4+"#$)2!4 K49?+"#,-5@497*9,Ra-3!7GHIJK IJKZ[@M.C-(%0149.V3!$b "#$%*9P-$

3!78$)2<2!49c, !49(%*949SR2!2!=>d<c49*+=>()a-,R2!3!S&'01S
C-"N,-./2!$%2!3!$ !$%"#./49$ !490#C-e#,-$%778=GHYJKZ[\KZ[@Y+M cC-"N,-./2!$%2!3!$*9"N$)*9P-$.GHIJK IJK fVMQ 49&'(%*9,-.V01S-S
^_C-2<a-`;3!g Kd$*9" !493<()ae#$%701$%XJe#$)c2!,-782!4+XJ4e#*+4^_C-2<a-`;3!3!cXJ,R"#78492!3!eN$)()aR49g

*94+01P-a-449*+=>()a-,R2!3!Da56,R&',-eNC().V$)()*+32!,-7 !495@./4+01S-DE* !"#$%&' !490'49:;$)2<3!SO *93

e#*+4*9,Ra-:;$)c !490'49:;3!778=&'01S
49?+49562<,-e#$)2<3!$h ./4+&'Sa-2!3<XJ$ K&',-2<2!49g../$%56&'$562<,-e#$)2<3!$2!2!4+$$()4+ !"#S-:a-4+7i <01$)a-(%2!4
49?+49562<,-e#,-$%*().V$)"#d_Cj $)"N*9,^_C-2<a-`;3!3 KXJ,R"#78492!3!eN$)()aR3!$a-4+7i <01$)a-(%2!=>$2!$%3!56./$%()*+2!=>$

 !49aR,3cc !49(%*949SR2!2!=>$)k2!$%3!56./$%()*+2!=>$ !49aR,3cl &'$%()P

3!78$)2<2!49c,2!$%49?9d<4+&'3!7849c !"#$%&'()*+,-./01$%2!3!$
()0'49:;2!49$m 490'$)$GHIJKZ[\K Y+M]K^<49"N78$. !"#$%&'()*+,-./3!*+P2!$%./495@7849:;2!456,R&',-e#3n *+49go $)pq$%2!3!$

⌡
⌠

⌡
⌠

237

(4.4.9).d)(]+)(ln[=)(

(4.4.8),)i+(=

(4.4.7)0.=i++

(4.4.6).)i+(+)i++(=

0,=

(4.4.5)

),(i+)+(+)+(=

¨

(4.4.4)0.=+

¨

(4.4.3)).(=)(),(=)(),(=)(

3,2,1,=,/=

¨

(4.4.2)).(=,)+(=,)+(=

SNuzM,NRM

cccu

ccc

ccccccu

z

cccu

cmc

zzzzzz

kzz

ccc

cFcFcF

χ

χ∆−

χ∆−χΛ

∆Λ

χ∆−χΛχ∆χΛχ∆χΛ

χχχχχχ

γ

χχχ

χΛ−χΛχΛχΛχΛχΛ

r9s-turNv

wJx)yz{|})~H�)����/�6�Jy�x%�_������J{V�z�J~��6�z�+�%wJ�z��/���J���z�\�J����J�z��z{V���;�JwRx� �+�z���)x%���� �

N

S

321

321

321
2

321

33
2

322
2

211
2

1

221

332211

kk

333322221111

������



 !" #!" $%&'( )*+,-./0102345 4678946-.:,:;12<:;=>:,?646:@AB -CDE?FGA10/%: !" #!"+,:;DAHI46451023:,JK46?6LDA23GEM!N8/%O 7PN8Q10/%R<?6/2<:;=>:,?6/S LTN8/)*U " U "VW U (GA2 B 5 ?6:;?646:X ?610:;M!2</!YZ7<46[F[F:,23:,?6HI4 B N8\A?6/%:
)  !"VW]" ^_(`"5/0a623:,7P:;N8:,?6L4DA/%?6+,1 B ?610LGAa62bGAM!46:M!7<:

GA2 B 5 ?6:;?646:c946?61%:,M!23/!YZ7P46[F[F:;2<:,?FHI4 B N8\A?F/0: /0+;?6/ 5 ?F/0:1:7 B)*U " U "VWd(GA+;N8/ 5 46ea6:;2 5 /0-ZGGA7P/ 5 N8:;1 5 /%2<:,?64F:f B DA/%?6:,HIg

7PN8QGAa623/0J B :,1%+,Q)*U " U "VWd %(h LT2 BEi :,?646:

? B aF2<Q i :;?646Q391 B ?6M!:,?FHI4 B N8\A?F/0M!/7PN8Q5 LT2 BAi :,?64F: +,NP:,7<GAejJK:;:1:7 B)  !"VW]"VWd %(5 LT2 BAi :,?64F:a6/0+;N8:,7<?6:,:5)*U " U "VW%Wd(4)*U " U "  %(k /07P+;1 B ?F/ 5 D B

1E9:7 B)*U " U "VWdl%(4)*U " U " #%( g)*U " U " U ( gGA2 B 5 ?6:;?646O+,4F+,10:;-.Lm :,=>:;?646:

+,aF2 B 5 :;7PN84 5 LT-K9+,1 B ?6/ 5 4610+;QGA2 B 5 ?6:;?646:+,NP:,7<GAejJK:;:1023:,JK46?6L5 ?FGE102<4 410/ i 7P:,+;1 5 :;?6?6/0g)*U " U "VWd(GA+;N8/ 5 46e5 1%/02</0-ZGGA7P/ 5 N8:;1 5 /%2<QA:;1)*U " U " ^_(k 2<:;7P+,1 B 5 N8:;?646:

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

dd),(
)(1

)(3
tan
1

=),(

(4.4.14)

,d
)(

)(
+d

)(

)(

)(2

1
=)(

¨

(4.4.13)

.
1

1)(

1+
+

1
+

1)(

1+

4
=

0:=

(4.4.12)

.)(+)+(
1

1+
+

)+(
1

1+

4
=

¨

(4.4.11).
4

i
=,

1)(4

1
=,

1)(4

1
=

¨

(4.4.10).1/2=i+

238

ta

t

G

G

RR

G
u

GG

S
N,NR

Nu
GS

N,NR

Nu
G

GG
N

zm

m

zm

mA

z

m

m

m

m

z

A

c
m

c
m

c

ccc

φρρφρτ
−

η−
−η

πφρ

Λ∆
−π

−τ

∂
χ∂

∆γ−γ−∂
χ∂

Λγγ−π−τ

χ∆−χΛχ∆χΛ−

χ∆χΛ−∂
∂

π−τ

π−π−−π−

π−

n8o8p8qrs>tuvp8wxyztTs>{bp{|zo8sx}~���xp8t�sx���3}Iyz�by

0000022

1

2

2

2

-1

00

2

1

N
0

S

2
2N

0

S

1

2

2

1

220

322

2
2

311

144

z

33
2

22
2

2

2

11
2

1

144

z

3
2

2
1

1

321

��





































a

�~�3�E�P�8���P�I��_��� �~�A�3�����c��_� �8�8�3��� �8�~�~�  �8�~�P¡x�~�

π



 !"# !$%&'()*+,-&'./,012-34,-5+6)789:,;,<,=>? ,;5

2 ?  !@/2;A ?  B12-34,-5+6)789:,;,C ( < ,;A!. <
D 6)&'E)FG./H)I/JK!34, < ,-&/A#()L+&/MNI?? MNLO()PG,-&/M"!MNA#Q<  !R#6)AS L+./&'(D 6)&'E)FG./.? 2;,

*+A# T  !EU()$%(U&/ !V"#6U54,-A54()34,-,< ,-&/,;,-V&/,A!, <A!LW6)54&/ !V54 ?  !3XQU&/ ? $YRB3XHU54()VT ,;L ?  !R! 
2? MNR!3XH)54./A#VZ A! ./&/A#,-RBLO()3X ? JT  !3+6)*+. ?0[ ./I'2-H? MN*O./2-3X,;&/./, <.\]^ J ^ J _#`?\]^ J ^ J ab`
.\]^ J ^ Jcdef0`T  !5+2-A!(U&/ ? EU !@&/()@'54,-&/("!MNA#Q<  !PG,;AD 6)&'E)FG./Hg  !A#,-&/FG./(U3XQ)&/()H

.$%&'()*+,-&'./,-V&/&/ #,,2- T L+H)PE) <hT 3X,-E)2;&/  !"# !$%&'()*+(),;A
2 ? ,-L+Ii6*+,;L+A!(\]^ JcdeJ _Bj0`]V? T LO,-54,;3X,-&/ \]^ JcdeJcd ^ `]V? T LO,-54,;3X,-&/M.RB5+,

⌡
⌠

⌡
⌠

239

)(

)()(
tan

)ee)((

ee
=),(

,
e

)()()e(3
=),(

,
)(

)()(
tan
)(

1
=),(

¨

(4.4.17).
))(1(1

]e)[(
+tan=

)(1

)(3
tan
1

(4.4.16).e=

¨

(4.4.15)

,dd),(
))(1(1

]e)[(
+tan+

N,NRa

ara

rN,NR

r
NNE

raa

arara
NNE

N,NRa

ara

N,NR
NNE

tta

tq/q

RRq

q

ta

t

RR

a
t

qR

tta

tq/q

RRq

q
G

ρ−−

ρ−

ρ−

)ρ−(

ρ−−ρ−

ρ−−

−−
−ηηΛ−

−

η−
−)η(Λ

ρρ

η

φρρφρτ
−−

−ηη
π

kBl-mnopq-r]s-tuvwbx%tBmyl;zi{|}~��Bo0�ntBr�x%�n�#�;kB�n�wb}v�Bu~�nxetB}~��B�nw�no0}v{GtBkUl� �#�nu~s-l;��y� �

0

1/2

0

221/222

-1

0
00

0
0

03

2)-(

0
2

1/2

0

221/222)-(

0
2

02

0

1/2

0

221/222

-1

0
01

2

02

-1

22

-1

2

0

000002

02

-1

00

2

2































-i-i

ii

i

i

i

)-i(

ia

φψ

φψ

φ

φπ

0

φψ

φψ

φφ

0

0



 !"#$ "%&'$ !()()*+,)-./)0123 24567898:;/< *+=#017789%,)7824/>98* <?@ ,)7ABCDE /)2 < *+, C
F C 9 @5678=%G19782+98H AIJ /)*42+K01HL0A :;*456K1M987A"#$NOP$ Q.OR&SM3 "#$NOP$ T%UABCDE /)2 < *+, CF CD< /
G1VW*,)/)X/)Y,)*+0178987%: C */M/247%-.*4:;VWH1Z[/)XABC :;H1VW*4,)/>\)M789/),)9%*4=#:;H < 7 A

ABCDE /)2 < *+,)/)*4598:]G1-., C 56/)M7 E *4, @ABC = < K1-.KL9017%9878: C *M789/),)9%*4=#:;H < 7 A
:^H1Y < / E , C XABCDE /)2 < *+,)/)*Y_HL56*4,)/)9 @,)H15()78Y A 7 < K19"#$ "#$ T#Q`&3 "#$ "#$ TaOb A 7%\)249 A H

/)56*4,>,)78MH3 "#$ "#$ TaOc&dMe>78:;5fG <?C249%78:^7%,)H15
78F%78/)50/():^/ < 78VW*4,>/)K5*(>G19()7 < G E *+, CF C 9 @5678=%G192 A 78\)2+9 A H- A H*ghZ

2 A 78\)2+9 A G;iA HLVW,)785fG09*A *+-3 "#$ "#$ T%j%&AE H12+98K15()7kl,)98*+=#:^/):;7 A H1,>/)*

,)H1(>/)24H19 @5678VW*+55 C3 "#$ "#$NOcU%&kl24()7 <?@ YRG1K
MNj%&'$M3/&MM3987 E 01H156/56*4VW-;G:^H12+249%78K1,)/)*78F%78Y_,>H E H1*+9&3mnG12+9 @

24/>5o56*+98:^/)/piA YcH1/)56787%98,)7 J *4,)/)K2 < *4-^G1qrZ[*+*s HL5o*+98/)56M247%789 A *4982+9 A *+,),)7L$MNj%&M3/
MNj%&M3017%78:^-./),>H198H156/t / < />,)-.:^/ E *4240L/)56/X>H1:;H10198*+:^/)YRG1qr982+K/987 E 01/s -.*+2 @

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

(4.4.23)

.d
)(

1
),(=d

)(

1
)],(),([

(4.4.22)

,d
)(

1
),(=d

)(

1
)],(),([

¨¨

(4.4.21)

.d
)(

1
),(=d

)(

1
)],(),([

¨

(4.4.20)

.
)(

d
),(=

)(

d
)],(),([

(4.4.19)).,(=),(

),,(=),(),,(=),(

(4.4.18)

.e

ee

ee

)e)(e(

)()(
+

240

EE

E

S
M,NR

NNES
M,NR

NNENNE

S
M,NR

NNES
M,NR

NNENNE

S
M,NR

NNES
M,NR

NNENNE

M,NR

S
NNE

M,NR

S
NNENNE

rNzMM,NR

NNENNE

NNENNENNENNE

rNN

a

r

r

r

rara

araa

−

−

Λ−∆−

∆−Λ−

ΛΛ

Λ−Λ−

Λ−−Λ

ψφρ

φρ
ψ

ρ
−

ρ−

ρ−

ρ−ρ−

ρ−−

u?v?w?xyz{|}~w?�h��|Dz{�]w���v?zh���p�hw?|�zh���;�W���]�

N
2

03

S

N0201

S

N03

S

N
2

0201

S

N03

S

N0201

S

N

03

S

N

0201

S

0303

02020101

)+(

2

0

0
0

0
0

)-(-

0
2)-(

0
2

1/2

0

221/222

��
�

��
�









































 i

-i-i

ii

ii φψ

φψ
φψ

φψφψ
0

00



 !"#$%"&'()(*+,
-(./0 ' ./12.340 *)-  . )(567 ./3 '(89": 0 " 3!;<=>? )("' ;<@ '(8A ;B3!;<CC/.D0EF<G<.HIJ<K

 !"#5 ;<04F<C J C 8L,: 0 " 3!;<=>? )("-(./0!;<M ) K
K 8N2O N2O P2QRSTUV N2O N2O PWX:&7 ./Y : C 7 J)(: -(./0EF 5 ; *)V N2O N2O PDNDS7V N2O N2O P/Z[S)V N2O N2O \[S] ./3 : C J 7 0 *<*

G J GV N2O N2O^X_`aSb .  K ;<04;- "# !" - )(:#897 J " Kc 8

) K "&'d' . UJb ; ' G<e ) Y U. :#' . 7['d89f3 7 ; f-  . )(567 ./3 '(89" J 5 0 ) M '(89"
G J G7[89 J @ "&'(8A 8 CDFK ./1D;<Cg  !)(' Jb ; ' G<e )()' ;<@ '(89"h :&"SiOjVSkUjV

UUUjM "# !"&57[8 M )(: 0 "#'A 8 CDFK ./@ " C' J -  !* @ "#'() Y-(./0 "lj
M "# !"&5./-  m" 3 " 0 "&'(8- "# !" K " ? "#'()(*' .  KnJ 0EF '(89"l)M "# !"&5./-  m" 3 " 0 "&'(8

- "# !" K " ? "#'()(*C J ' 1 "&' e ) J 0EF 'd89",)-  . )(567 ./3 '(89f J 5 0 ) M '(89f340 *
7[89 J @ "&'()d*: 0 " 3!;<=>? )("' ;<@ '(8A ;B3!;<C' J<K !"#$%"&'()(" U-(./0 ' . "-(./0!;<M ) CDFo C/. A 8

. A . 56' J M "&'d)(*m,K"h 7[" 3

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

241

.d+d
+

=

,d++d+=

(4.4.26)

.d)(),(+

d)()],(),([=)(

(4.4.25).d]+)(ln[),(=),(

,d]+)(ln[),(=),(

(4.4.24).=,+=

¨

YX

SK
G

G
KSK

G

G
K

GG
Y

SK
G

G
KSK

G

G
K

GG
X

SNNNE
G

SNNNE
G

G
NNE

G
Nu

SzM,NRNNENMK

SzM,NRNNENMK

zYzX

YXzXzX

YX

YX

YX

τ−Λτ−Λ−π

τΛτΛπ

−

−

τπ

τ−π

∂∂Λ∂∂Λ
ΛΛ∂∂∂∂

ΛΛ

χΛ−χΛχΛχΛ

p2q&rstRu&vkw&xyz{[|6x2r}q#~W������2ta�sx2vT|6�s�D�#p2�s�{[�z�2y��s|_x2����2�s{�sta�z��x2pBq� �D�sy�w&q#��}� �

2
1

2

1

S

2
1

2

1

S

21

2
1

2

1

S

2
1

2

1

S

21

N003

S

2

N002

1

2

2

2

01

S

1

N02

S

02

N01

S

01

����





































0

0



 !"#$%" &'$()*"+  !"#$%" ,-./012 !"  12343456748 049:; 5
/<=>:7 9:?@04A:BCDE 5FGH5F74I-J:KL74M B// MNO 04; E 5674M !"  !" &-PQ)+  !"  !" ,-./0 74I-5FR!KSJ E MT ; 5

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

(4.4.35)

,d+d
+

=

(4.4.34)

,d++d+=

(4.4.33)

,d++d+=

(4.4.32)

,d+d
+

=

(4.4.31)

,d++d+=

(4.4.30)

,d+d
+

=

(4.4.29)

,d++d+=

(4.4.28)

,d+d
+

=

(4.4.27)

,d++d+=

242

SK
G

G
KSK

G

G
K

z

GG
Y

SK
G

G
KSK

G

G
K

z

GG
X

SK
G

G
KSK

G

G
K

z

GG

z

X

SK
G

G
KSK

G

G
K

zz

GG
Y

z

SK
G

G
KSK

G

G
K

zz

GG
X

z

SK
G

G
KSK

G

G
K

z

GG

z

Y

SK
G

G
KSK

G

G
K

z

GG

z

X

SK
G

G
KSK

G

G
K

z

GG
Y

SK
G

G
KSK

G

G
K

z

GG
X

−
−

τ−Λτ−
∂
∂ΛπΛ

τΛτ
∂
∂−Λπ

−
Λ

τΛτΛ
∂
∂

π

−

∂

∂

τ−Λτ−
∂
∂

∂
∂

πΛ∂
∂

τΛτ
∂
∂−∂

∂
π

−
Λ∂

∂

τ−Λτ−Λ−∂
∂

π∂
∂

τΛτΛ∂
∂

π

−

∂
∂

τ−Λτ−
∂
∂

πΛ

τΛτ
∂
∂−π

−
Λ

UVWVXVYZ[\]^_XV`abc]N[\deXdfcWV[aghijkaXV]l[amnoSg@bcpeb

2
1

2

1

S

2
2

1

2

1

S

2

221
2

2
1

2

1

S

2
2

1

2

1

S

2

221
2

2
1

2

1

S

2
1

2

1

S

2

221

2

2

2
1

2

1

S

2
2

1

2

1

S

2

221

2
1

2

1

S

2
2

1

2

1

S

2

221

2
1

2

1

S

2
1

2

1

S

21

2
1

2

1

S

2
1

2

1

S

21

2
1

2

1

S

2
2

1

2

1

S

2

221

2
1

2

1

S

2
2

1

2

1

S

2

221





































































































































































 !"#$%&#'()*+#,*-./0123452 $*678#9:$*;<,
=9 2>?@2 $*) 2A*B 0 $ B 2C 8#DE69 2>F " 01G 6/8#67;A*B 0 "#H 2 $*$*; 2IJ8#$ 2>2KLMNOPNQ

6 B H:&#8#,=8#$*67)*R3) 45452 6/9:)*HS$ B6/9 23T )*$*;R36 B 9 B $*8 4&A 9:) 0 B/U 2 $%;R3) 0 ;
R B R39 2 C1B 6 B H 2 $%$*; 29:8 = $*; 2C1= 2VW"#R>6 GA 0 B R3& B R36/)=9:8 C )%"#R>86/9 23T )*$ B/X

&#9S"YZ 0 B7XB R 0 8#[ 012 $*$ B 2A 9 B R36/9S8#$*R36 =\B) F B 6/9 B7A $ B 26/9S8#$*R = 2 9:R>8 0]G $ B[ 2 R3& B $ 2 H:$ B 2
IJ8#R>R 4 B 679:) 4R 0 "#H:8#D M&B 67$ B R3+ T ) 2 R>+^_9:)*$%8 N !"#$%&#'()*)= R 2$*8 4C 8#R>6I 23?@2 $*) 2

$*8#Z/9S" F &#) MR B R39 2 C1B 6 B H 2 $%$ B/X6/8Y$*Z 2 $%'()*8 0]G $ B/XC 2 X R36 = ) 234A*B/C6/9 23T )*$ 2&#9S"YZ 0 B7XB
F 8 C 8#H:)9 2>?@2 $*)*D&A 9:) 0 B/U 2 $%;[/;<6 G4 B Z7"#69 2>F " 01G 6/8#67;= ; ?@2V B 0 "YH 2 $*$%; 2

243

(4.4.40),)(+)(1)(
)(

=

(4.4.39),)()(+

)(+)(
1

)(+)(+

)(+)(
1

12
=

(4.4.38)

,)(+)(
1

1)+(

1
1)(

)(

2
=

(4.4.37),)(+)(
1)(

2
=

(4.4.36),)()(+)()(+

)(+)(+)(+)(
1

1
=

+=

0.=

Tzf
G

G
zf

Tzf
G

G
zf

Tzf
G

G
zfTzf

G

G
zf

Tzf
G

G
zf

m
HA

Tzf
G

G
zf

m

Tzf
G

G
zf

m

m
Hw

Tzf
G

G
zfTzf

G

G
zf

Tzf
G

G
zfTzf

G

G
zf

m

H
u

N

iTTT

za

−
γ−γπ

γγ
ℜσ

−

−
γπ

−

−γγπ−σ

γ
−

γ
−

γ−γπ

γγ
ℜσ

γ−ℜγγπ

−−π
β

−−π

γγ

φρ

`ab3cdefg3hij3klmn\opkacqb>r!s_tuvwaexydkahzopyd{7|>`aydvn\tmvalu}do~katu�waydn}dextms(ka`Yb� {7ydluj3b>��q� �

k10
1

2

k5
k+1

21
2

21

z

312
1

2

311

313
1

2

35

3
2k12

1

2

k11

k13
1

2

k5
k

21662

k10
1

2

k5

k

2
k3

2

k+1

21
2

21

1

k9
1

2

k1
kk

k

21

38
1

2

31637
1

2

32

k8
1

2

k16k7
1

2

k2
k

21

yx

���

























































































































±

k=1

2

k=1

2

k=1

2

k=1

2

k=1

2

Σ

Σ

Σ

Σ

Σ



 !"#$%&'&!()*+,-./0 . *,-1!1 $2&!34 !5672$
889:;<= !7%>?$2&!:@AB &'56CD ! ()72E)+6>?FG&!:;$ ./0 H/0IJKJLM *N ./0 H/0 O@ ()P=" B >?+6"# 34+6&':
Q *<R$2""#$%&!FGST$%* !&!34$25672()"7@AB &'56CD !  N H/0IJU0 V9M *8( 1 P=$%34$2>?$%&!:1 ()72E)()WG&!&!:;$

B61 P B6X  !$<R !72>?+6*56(K" 1 >?$%5672&!( X (<R+672E)F34$2Y!7%E)8Z !E)$2>?F6& B6[()\K()]^&'+6<R+6$2E_ 34$27%F

e48
)(tan

6+3
1
=)(

(4.4.45),
))((

)(3e
=)(

(4.4.44),
)(

)(1
tan

)(1

1

e)(1

)(
+sin

1
)(

e=)(

(4.4.43),1
e

+1
)(e

1)(

)(
tan

1)(

1
tan

1)(
)(

1
=)(

(4.4.42)

,
)(

tan
)3(3

=)(

(4.4.41).)(+)(+)()(
2

1
+

)(+)(+)(+)(
1)(

)(2
=

244

qsqs

z
a

R

h

qR

zzRR

q
zf

talll

talh
zf

al

ta

tt

lt

ala

l

a

ta

a
zf

la

la

a

la

q
a

q
zf

al

s

s

al

tal

t

ss

ha
zf

f

Tzf
G

G
zfTzf

G

G
zf

Tzf
G

G
zfTzf

G

G
zf

ρ
−ρ−−)(

−

−−

−ρ
−

−
−

−
−

)ρρ−(−

−
)(

ρ−
ρ−

−
ρρ−

ρ−

ρ−

−ζ

−
−

−ζ

−ζ
ρ−

−

−
−

−
−

−

ℜ

−
π

−γ
−

γ−γπ

γγ
τ

`?a?b?cdeTfghb?ijklf;eTmnbmola?ejpqrstjb?fuejvwx=pDklynk

2

0
0

2

1/2

0

22

0

-1

2

0

3

42

0

2

0

4

11

22

2

2

1

2

2

2

2

2

2

10

1/22

2

2

1/2
-1

3/2

02

2

1/22

2

2

2

-1

3

1/2

0

22

9

02

2

21/2

1

22

1/2

1/2

1

22

-1

1/2

-1

1/2

1/2

0

22
8

1/22

2

2

-1

3

1/22

2

2

2

2

222

2

7

315
1

2

34314
1

2

332

k15
1

2

k4k14
1

2

k3
k

k

21
2

21

z



















































































































i

i

)-i(

i

)-i(

i

φ

φ

φ

φ

0

0

φφ

φφ

k=1

2

Σ



245

1

)3(

e)(

)(

)(1

)(
=)(

(4.4.48),
))((

)(3e
+

)(

2
+
)(

5
+

15

)(
tan

)15(
e=)(

(4.4.47)

,
e
+
1

2+
e

2+)(2e
+
3e

+

1+
e

)(2
+

e

+

)(

)(e

1)(

)(
tan

1)(

1
tan

1)3(
)(

1
=)(

(4.4.46),2e+
)(e

+
e

+

)(2e
+
22ee2e

+

1)(

)(
tan

1)(

1
tan

1)3(

3
+

2ee

)(
tan

e3
+

t

tll

lll

ala

ta

a
zf

talll

tal

tal

t

tals

sal

s

s

al

s

a
hzf

qlq

l

a

la

q

l

al

l

l

lla

la

a

la

q
a

q
zf

qR

qz

q

l

ll

q

hR

h

tal

tal

qsqss

ha

a

la

q

qal

s

s

−

−

)ρρ−(−

−

−

ρ−

−−

−ρ

−−

−
−

−
ρ−

)ρ(
)ρρ−(

ρ−
−ρρ

)ρρ−(

−ρ

ρρ−

ρ

−

−
−

−ζ

−
−

−ζ

−ζ
ρ−

−
ρ

ρ−

−

ρ
−

−

−
−

ρ
−ρ−

ρ

ρ

−ζ

−
−

−ζ

−ζ
−

ρρ−
−

ρ

 !"#$%&'(#)*+#,-./012,!$3"456789:;<!&=>%,!)?12>%@AB4 !>%;/09.;!-:C%1D,!9:E<!>%/C%&=9.7F,! G"H @A>%-:+#"4IJ3K J

1

2

2

2

02

2

1

2

2

2

1/22

2

2

3

1/2

0

22

14

22

2

2

1

2

2

2

2

2

2

22

2

22

2

22

41/22

2

2

-1

5

1/22

2

2

0
02

2

13

02

2

2

2

21/2

1

22

2
02

2

2

2

22

02

2

2

2

2

1

2

2

2

1/2

1

222

1/2

1/2

1

22

-1

1/2

-1

2

1/2

1/2

0

22
12

2

0

2

22

2

2

1

2

2

2

3

2

0

2

2

2

2

2

2

2

2

0
0

2

0
0

2

2

1/2

1/2

1

22

-1

1/2

-1

2

1/2

1/22

2

2

-1

4

02

0

2






















































































































)-i(

i

i

i

)-i(

ii

)-i()-i(

i

i

ii

i
i

i
i

ii
i

φ

φ

φφφ

φ

φ
φφ

φφφφ

φφφ

0

0

00

φφ

φφ

φφφφ



 !"#$

 !"#$

 !"#$

%&'()*+,+&-./0 !"#$1 +,0234%&56)*"#72+,-829&:;-.<=02>?5.@A$
:4) 1 82"!725.0256BCDE <=%&)F2GH02 !:40I5682:40IJKLG+&02M.:;8 1 F2%5.0I+&MN)*+,OP%&02"#72+,-.Q9&:4-6% 1 GH-."#72+,-.Q

@*"4823402$ !"#$:4)ARS)*+&%&)9&-."!+&-.)1 0I9&%&@*0I5.7+&02'9&- 1 GT-6"#$2)*5%U :4%&+,02/V 82+,F2OP%&Q
 !"#$GTBW:;02XP)*+&%,$$2GH+&BW)V 02FI5.%&34)A@*F2%,/9&:4)A !@*5602GT"#$I)*5./Y L Y L Z![\]^ Y L Y L _T`a )*RS)A+&%&)

(4.4.53)>,sin
e)(

)(
tan

e
+

)(
tan
1

)(
2
=

,
1e

+
1

)(=

(4.4.52),<,
))(1(1

]e)[(
+tan+

)(1

)(3
tan
1

=

0,=

(4.4.51)

.
ee

+
1)(

)(
tan

1)(

1
tan

1)(
+

)(
tan

2e
)(+tan

+
1
=)(

(4.4.50),
e)(

)e(3)()(e
=)(

(4.4.49)

,
)(

)(1
tan

)(1

3

e

)3+(2e
+

246

aT
a

aqs

a

a

s

s

a

G

G

a

s

qs
aHw

aT
as

a

G

G

qs
aHw

aT
tta

tq/q

RRq

q
G

T
ta

t

G

G

RR

G
u

z

s

ha

a

la

q

al

s

qss

z
a

R

h

qR

zR

q
zf

llll

lala
zf

al

ta

tl

tll

ρ)ρ(ρ−−ρ−

−ρρ−ρ
ℜρ−απ

≤ρ−ρℜρ−α

ρ
−−

−ηη
π

−

η−
−η

π

−

ρ
−ρ−ζ

−
−

−ζ

−ζ

−
−

ρ
ρ−)(

)ρρ−(−

ρρ−−ρ−ρ

−
−

−
−

ρρ−

ρ−ρρ

b#c#d#efgShijd#klmnhWgSopdoqnc#glrstKuld#hvglwxy;rPmnzpm

-1

0

0

2

1/222

1/222

-1

3
0

02

1

2

1/222

-11/2

0

22

3

2

0

0

1

2
1/2

0

22

2

02

-1
2

22

1

2

2

2

-1
1

2

2

1/2

1/2

1

22

-1

1/2

-1

1/2

1/22

2

2

-1

2

0
0

1/2

0

22

0

-1

0

2

0

2

16

2
02

2

1

2

2

2

2

2

02

21/22

2

21/2

0

2222

15

1/22

2

2

1/2
-1

3/2

02

2

2

1

2

2

2
0


































































































-i

-i

-i

i

ii

i

)-i(

)-i(i

)-i(

)-i(

φ

φ

φ

φ

φφ

φ

φ

0

0

0

0

φφ

φφ

φφ

φφ



 !"#$ "#$ %&'&()*+,*-./01230)*4456

7*82,9:0;2<=>?7*)*@A2-B7*C=>D7*EB:082C=)*)
A2-BF.G9G9)*C=)9>D7*EA2-B4H,9/I>DA2J?7*6K@LMN -BOP;JD-B-.E.7*-BQR>D7*)*>?4JJ N ;2+S8T7A2-BE.-.:06K@

:082+U/I-.<V>D7*)*>30>?:0>D+N 6K:W82<=>D7X 6KEBY45-.<=>?E45-.OP8E.:W>DE.Y2>?Z#-)N EB-.:0-.Z.-
7*82,9:0;2<=>?7*)*@A2-B7*C=>D7*EB:082C=)*)[ -.FBG9G9)*C=)*>?7*E !"#$\]^$\]U"B(_$N-.,*:W>DOP>?/I>D7*6)` OP>?JDY

OP/I;

OP/I;

OP/I;

247

)cos(2+

e

)(2

)(
=+

(4.4.57)},e){(lim=+

.e=

,+=

(4.4.56)

.>,
)e(

)e(3e
+

)(

)(
=

(4.4.55)0,=

,(0)+(0)
1

2+

(0)+(0)
1

+2
1

=

(4.4.54),>0,=

,<,
)(1)(

)(3e
+

e
+

1

))(1(1
+tan

1
+

2
2

=

aa

T

a

a
ikk

aikk

i

R

a
T

G

G

R

T

a

a

Tf
G

G
TfHA

Tf
G

G
TfHA

a

aT
taa

t

G

G

a

qttaRqR
AH

φ−φρ−ρπ

ρ−

τ−ρ

τττ

τττ
η

ρ
ρ−ρρ

ρ−ρ

−ρπ

ρ−
τ

σ

γ−γγπ

γγγπ
π

σ

ρσ

ρ
−ρ−

−ρη

ρ−
ρ

−−
η)η(γγ

γγ
−γγπℜ

π
σ

a#bDcdefgDh!iDjklm&nSj#cob?pqrstuvw#exydj#hznSyd{B|?a#ydvm&tlv#ku}dn^j#tu~w#ydm}dextlr=j#aTb� {BydkuiDb?��o� �

00
2

0

21/22

1/2

0

22

32

z
1/2

32

(n)
zz

tzzn
(n)

2
0

0

2

1

2

21/2222

1/2

0

22

z

z

13
1

2

11
3

2166

12
1

2

5
3

216622

1

2222
1

2

22

2

-1

21

21

216621




































































-i

-i

i

)-i(

)-i(i

-i
-i

φ

φ

φ

φ

φφ

a

0

0

→ρ

φφ

φφ



 !"#$%&'&!()*
+,-./01230 .45 *678 "#()9):; <=> &'?@AB !C@DE)F $%"#$%&!94+@:G&!HIDJJKHIL; 8 F $M&N HI94O"#()PB$M9Q &!9)$MR/:G+ F

6 ./01230 .45S0J6 ./0 T4012U5V!()W 8 9)+X&!()JK?X()YV!( F > LG$M&!+N HI94O"#()PB$M9<=> &'?@AB !CZ ()94$%&!AB !+ F O@&!+@C

6 ./0123012U[45 !\V!( F > LG+@$M""#H8 F > LG+@$E 94()"
]W^+@J F $%&' !$%"()94?@:GHIJK+X$%9 8 C:G+@WG > 8 +9):;$%_` !&!+?@: > R F +XCZa> 8 9)O

 !\U()9):G(4V! ! 08 F > LG+@CW F C6 ./0 ./0 T^2U56 ./0 ./0 bKcK5:G$Mde$%&! !$] HIJK$MW^ !9)$T40

6 ./0 ./0 T^2U5S06 ./0 ./0 bKcK5:G$Mde$%&! !$] HIJK$MW^ !9)$./0

6 ./0 ./012Uf45S08 Jg()Y 8 9)JK(Z :G()Jg$%:GOX9)$b40

6 ./0 ./012U.45S0< ():;" > F HE ?XJK !JK+ F $%&!9 !\U()9):G(4V!&!HIYh +@Y!W^ '9)$[/0

 !\U()9):G(4V! ! 08 F > LG+@$J:G$Mde$%&! !$( N _`$%$] HIJK$MW^ !9)$230

6 [/0 f/0 bgi45S088 (4R F + 8 > $%9 8 CLG94(

JK !WjkV!:G '&! !"#+@$%9&!+@V':GC@PB$M&! !Y?@(4&!AB$%&!94:G+@AB ! 
?@( E <'<  !AB '$%&!9&!+@R): > \U?@ !*&!&!(4Y$:G+ 8 V!:G$MW^$ FV!:G(4 !\lJg( F O@&'()Y8 F > LG+@$( N _`$%"]

⌡
⌠

⌡
⌠

(4.5.1).)(4=),(

const.=

(4.4.59),dd
)e(

),(e)e(3
+

)cos(2+

),(e

)(2

)(
=+

¨

(4.4.58)

.
)e(

)e(3e
+

248

F

aHp

pa

aa

a

G

G

aaa

a
ikk

aa

Ta

G

G

ρ−φρω

−

−

φρρ
ρ−

φρτρ−

φ−φρ−ρ

φρτ

π

ρ−

ρ−

ρ−

mjnjojpqrestuojvwxysIrez{oz|ynjrw}~���wojs�rw���;}Bxy�{x

���!�;���/�I���� ��� �^�B� ��� �^�=����/�I�/�j�;���X�� � �� � �X���I���� �~�'� ���!��j�  

1/222

0002
0

000

1

2

00
2

0

2

00

1/22

1/2

0

22

00

2

32

2
0

0

1

2










)-i(

i)-i(

-ia

)-i(

)-i(i

¡;¢ ¡£e¤~¥j¦{§¨©~ª«©~¬~ª

φ

φπ

φ

0

0

0

0

φφ

φφ

φφ

φφ



 !"#$

%&%'() !(*+,-./0 -1"#23 0 345 +6789:()+62,$;  !(*<)=

%&2, #/2,>?()(*@A ()BC(*+,2,(DEFGHIJKHDEL,L (*+, !2,M8<*(% !78+6-L,N 3 2 5 % 3  !+,-1(
O <)(PQR HIJKHIJ RST H2PQR HIJKH U TV 3 N >WX8"#78>?2L,N (* L 2,<*78+ 3M87YMV X8+6M8Z[2,2,\L 3 @S()+,Z[2678"#=8+ 3S]

L,N 3 2 5 % 3  !+,-1(N 7 5 "#2,9^+,-1(9:( N ( 5%&- N 78_[()+ 30 -1@S=> 3 _[(*@N (*BC()+,2,(` 3 "#+ 3 (

249

(4.5.9)1,2.=,/=

},]+)[(+]+)+{[(
2

1
=

},]+)[(]+)+{[(
2

1
=

(4.5.8),
)(

)(
1)(

)(

e2
=

(4.5.7),sin
)(

1)(
)(

2
=

(4.5.6),
)(

)(

1
e8=

(4.5.5)

,sin
)(

)(

1)(

1)+(
8=

(4.5.4),sin)(
1

4=

(4.5.3),
)(

sin
1

e2=

(4.5.2)

.)(
32

)sin2+(22=

kzz

zazal

zazal

lll

lapa

l

a

ll

alap

lll

all

m
aAHp

l

a

ll

ala

m

m
AHp

l

a
zla

m

m
Hpw

l

ala

l

a

m
Hpu

al
a

la

l

a
zaHpF

γ

ρ−ρ

ρ−−ρ

−

−
−γ−γπ

ρ
τ

)(−
−

−
γ−γ−γπσ

−

−

−

γ
−σ

)(−
−

−

−γ

γ−γ
σ

)(−−−

−
−)(−

γ
ρ

−
−

−)(ρ−π

a&b*cdeSfghGiGjkla&hGklm'kla&hGklnlka&fgoGpqrlcKiGfqstGklarlm'fgu[iGhYbv mwx*nyeSb*jzy{ |

kk

1/2

k

221/2

k

22
2k

1/2

k

221/2

k

22
1k

1k

2

2k

2

2k

2

1/2

1k

22

k

21

2

z

2k

-1

1k

2

2k

2

1/22

2k

2

k
k+1

21
z

1k

2

2k

2

2k

2

1/22

2k

2

1k

2

k

k
2

2

2k

-1

1k

2

2k

2

1/22

2k

2

kk

3

2
kk

2

661

2k

-11/2

1k

22

k

k

2k

2

1/22

2k

2

2k

-1

k

k

1/22

2

2
1

22

2

-1222





















































































i

i

66

i

φ

φ

φ

k=1

2

k=1

2

k=1

2

k=1

2

k=1

2

k=1

2

Σ

Σ

Σ

Σ

Σ

Σ



 !"#$%&%'()*+,-./012,01 !34"*567.34&%/*83%"*'9&48:;67< =)*>?@*+1"*+,A
&B )*34C*DE&%/*8FGH1>?7.IJ7.3%+,"*;63%AK8:: AK5L&%-.>M7<3%A21AK+,@IJ01N,)*+&%3%+,7.NO;L"*>MAP +1&

&%IJ7.343%01G"Q 7.-<-.7<>M/*G
B )*34C*DE&%&-.0,R?7.;LSE"*TU&%8&%3%+,7.NO;L"*>M0 : GB 01;LIJ7:&%8: AK;L"* !&%>C*0,+101;6AKVP >M>M&401+1+1"#G

;67< =)*>?@*+1"*+,"*IJ&--.0,NO>M"*-W)*XY+1-</01-<3%0 : 3401I:;67< =)*>?@*+1"*+,AZ "*'9&$%;67<0121;L"* !0 : "*3%&4V[\
&%3%+,7.NO;L"*>M@*3%AK8IJ7.+,01R?01I]W^!_`a,_`bP >M>M&401+1+10,I;67<'97.3%": $%7<; : AK721AK>M"c "#R?"*56"

⌡
⌠

⌡
⌠

,
)(

)43+()(
=

,
)(

)()(
=

,
)(

)(
=,

)(

])([
=

,
)(

=,
)(

])([
=

,
)(

])2+(2[)(
=

,
)(

)]22(+[)(
=

,
)(

=,
)(

=,sin=

.dexp)sin(=

,dexp)cos(=

250

ll

allala
C

lll

lalalaa
C

lll

alla
S

la

laaz
S

laa
S

la

laaz
C

ll

lzaaala
S

ll

zaallaa
C

ll

ala
C

ll

laa
S

l

a
S

x
a

z
x

a
xJxxS

x
a

z
x

a
xJxxC

−

−−ρ

−

−
−ρ

−−

−

−

−ρ

−−

ρ

−−

−ρ

−−

−

−ρ−−

−

−−ρ−

−

−

−

−
)(

)−()ρ(

)−()ρ(

dMeMfMghi9jklfMm(n[jKi9opfoq[eMi(rstuv(fMjwi(xyzLrEn[{pn

3

1

2

2

2

2

1

2

2

21/22

2

22

3

1

1

2

2

2
2

1/2

1

22
1

1/2

1

22

2

1

1

2

2

2
2

1/22

2

2
1

2

1

1/2

1

222

21/2

1

22

1

2

1/2

1

22

1

1

1/2

1

22

1/2

1

22

1

1

3

1

2

2

2

1

422221/22

2

2

3

0

3

1

2

2

2

2222

2

41/2

1

22

3

0

1

2

2

2

1/22

2

2

2

0

1

2

2

2

1/2

1

22

2

0

2

-1

1

0

m
n-2

0

n

m

m
n-2

0

n

m

∞

∞



 !"#$%&'(%)!**+,- "# !)./#0'$1234 !5%0367)!$1"89:  !";$1<'=>&'2/#?@$10AB
)!=C"#/#5%"; !D!"#E#"FG$125%?@HI?JD!)!? !"#$GD!"#?FG0'KL/M B N;B OPQR M B N;B ST "#5A*U&'$1,)

: $%&'(%0'? !5%?@FG?J$G<'D!"#*V
W QXBYR MT "#5A*U&'$1?6"# !?@(%0'/;Z')"#(A?J67)!F%D!,[?)(%$1?@D!, !5%"; .&'\]?JD.D!,[?

D!?@Z'"#/#";5%,[?)!*+?JKL/ : 2 !5%0367)!$1<3D!"#^_ ,[/;<*+"#`a?@/D!?(%/;" !$1" : Z'" : /#)
D!0) : (%?J=C0'?J/ !?@5%?J*+?J\]?@D!)!?/#03D!Eb?JD.ca)!0'$1<'D."#?NPQd4YR MT "#5A*U&'$1??JE#": ";Eb$10 : D!"

e 0' !5%).*f?@5%4g $1$1)."#/#/#0hB: /;0'/#<3?6"#HI) _ Z')!QR )!$1)"# !?@(%0'/;Z')D!?@Z'"#/#";5%,[?8 *+?JKL/ : 2

251

(4.5.11)

,
)(

sin+

sin)(
||

)2(1
2
=

(4.5.10)

,
)(

)|(|2
+sin

)(
)2(1

2

e
=

,==

,)/2(1=1,1,

0,=

.
)(

)]22(+[)(

)(

)()(2
=

,
)()])([2

=

,
)(])[(2

=

,
)(

)4+(3)(
=

ll

ala

l

a
z

l

a
zla

z

zp
w

lll

laza

l

a

l

ala
p

u

AA

Hmm

z

u

ll

zaallaa

lll

lalalaaa
C

ll

laalaaa
S

ll

alazala
C

ll

alllaa
S

−

−
−)(

)(−−ν−µπ

−

−
)(−

−
ν−µπ

ρ

−µ
µπν−→→→γ→γ→γ

⋅⋅

⋅⋅

−

−−ρ−
−

−

−
−ρ

−−

ρ

−

−
−

ρ

−−

−

−
−

ρ

−−

−

−−ρ

i7j@klm;n>obpbqrsi7obrstPrsi7obrsusri7n>vbwxyskzpbnx{|brsiystPn>}apbo3j~ t��@u�m;j@q��� �

1

2

2

2

1/22

2

2

2

-1

2

-11/2

1

22

1

2

2

2

2

2

1/2

1

222

2

-1

2

2

1/22

2

2

6644

21321

3

1

2

2

2

2222

2

41/2

1

22

1

2

2

2
2

1/2

1

22
1

1/2

1

22

3

2

1

2

2

2

1/2

1

22

2

1/2

1

22

2

2

1

2

2

2

1/22

2

2

2

1/22

2

2

2

2

3

1

2

2

2

2

1

2

2

21/2

1

222

3

1









































iφ



 !"#$%&'()*+(,-.(,/ '01*#2,3 . 3(4-5678 1 693 .(, 4 ! 4- :;87673 . 3(67<64-= !". 8767> # 876 #$?@

ABC D-E:FGHIJ
K EGL K ;MNO 8 #21*1 4G87; P6 1A ! 69876 ?Q.(#2,O 8 #21"1 4-8 .4 / 4 % 8 . > # 8967R(< 1*) RSBT !".0UV# 876 #

6 )W)*XY@2,-!".0Z 67R[C4 1 8 .S 4 ,)*' >[\]675BC@2.0? T 58 #R( :874A .(![.(?Q#2,G! 4-  T^/ 4 !_ , 4 ,

A .(![.(?Q#2,G! 4- -J<#> #$, T !` ' 893 Z 67R(<a-)*#2?Q# 8 ,G.(! 8 T <
 1*. 8 T!"#$%&'()*+(,-.(, T4-304-87> .0,-#2)W+ 8 T #b =c4d #2@$@2#$) R[C` ' 893 Z 676@ 4 1*#2![UV.(e 67<

678 ,G# = ![.() 4- :;!".(%&) 67>[8 T < T >[6 @2)W# 876 #2?A74 @$)W#21['(XYe 6 ?@678 ,G# = ![.()W. ;% 8 . 3(4 ?A74 1
1 6 `f` #2!"# 8 Z 6 ! 4G . 876 X3A ! 6 / # =4-8A74 aG, 4 ?g'M DcC LGC hGHN;` ' 893 Z 6 XA74 ,G# 8 Z 6 .()W+ 8 '0X

 T >[6 @2) 6 ,G+@2? 4G=8 #4-8i 4-<94 UV# ;A !"# 4 / ![.(% 4G . 87695BC678 ,G# = ![.()W+ 8 T <
?Q#2, 4 16 @ A74 )W+(%j' RM K E-L K Hk;O 8 #21"1 4-874 ?!"# \ # 8 . PA #$!  T #/-T )W.%l.01*. > ._ ,-.

0,

,
/2)cos(+cos

/2)sin(+sin
tan=

.
+

2
tan=),(tan=

,)4(+1])(+)/[(=,)(+1=

¨

(4.5.15).
)(

]+)5(4[)(e
2

=

(4.5.14)

,
)()(

)]32+(2+[
sin

)(
2
=

(4.5.13)

,
)()(

]5)+2(6[
+21

)(

)(e
2
=

(4.5.12),
)()(

)]32+(2+[
+

sin
)(

)2+(1
2
=

252

Rr

Rr
S

S

az

az
a/z

z/az/aaRz/ar

lll

llaallz
p

alll

zaalaz

l

a

ll

ala
p

alll

lllaz

lll

alla
p

alll

zaalaz

l

a

ll

ala
p

≠ρ

φ√θ

φ√θ

−ρ
φθ

−ρ)(

−

ρ−−

π−τ

−−

ρ−
−)(−

−

−

πσ

−−

−ρ−
ν−

−

−

πσ

−−

ρ−

)(−
−

−
νπσ

mWnWoWpqr]stuoWvwxBs^r]yzoy{BnWrw|}~��woWs�rw���[|VxB�zx

-1

1

0

222

-1-1

222221/22

3

1

2

2

2
2

1

42

2

221/22

2

2
1

z

1/22

2

23

1

2

2

2

2222

1

42

2

-1

1

2

2

2

1/22

2

2

z

2

2

22

1

2

2

2

2

42

1

2

2

222

1

2

2

2

2

2

1/22

2

22

1

2

2

1/22

2

23

1

2

2

2

2222

1

42

2

-1

1

2

2

2

1/22

2

2

1

�
�











































i

i

φ

φ



 !"!#$%&'()*+,-./0#%12%34567(8 7(8 92:1567(8 ;<8=>?:@AB 4.C3#<+," B 120,+

 4.-DE

%&C3#<F*GC&-H/,IH+,%J # B<K1567(8 7(8=>?7$:/,)*+,12"!%3"! !E
 !"!#$%&'() B(L 4. !MNMN%3)H%&"NOP !+,-DF," B ' BQ %&RS%3"! !%0 B "!C&#<+T"!#<+ 80 B$KUV -D%&0,C3"!+,EL'(4H% W

"!+,'<)*/,X?0, C&4H12 !'(+TYZ[\%&]B 4H" B ) B 4." B ]4.%3]!C&#<1^ !% KV!B 4V ) B C&#<)*+,"!C&#$12%
W

/ V )_/,' B$K
 !X B #<) B$V " B<K#<)*+,"!C&1^%&)HC3+,-DF," B1)H+,4H N/,C3+#<)*%&[\ !"N/0,)*/T'(-./TYQ +,C3C K`B #$)H K

L 0 B<B )H4. !"N+,#<% 8V ) B$V!B )HOP B "!+,-DFT"!a K"!+ V )HE,bP%3"! !% K
W

" B ) K +,-DF,"!a K
"!+,'<)*/,bP%3"!+#<)*%&[\ !"!+0,)*/T'(-D+TE'(4H%C&-H/,IH+,%

W
1)H%3RS%&"! !%V!B -." B %c +,]!4. N#<%7(8

567(8 d$8=>ed^:f8567(8 d$8=>?g$:J 0T12 !12+T-D%&"!#$"!ahiV %3)H% K %&[\%3"! !]
 "!+ V )HE,bP%3"! !]0 B$KUVNB "!%&"N# B 1V!B -.E,)H"!ahi4.-DE12ah)*+,bP%&"! NEj ah12%34. !#<%k$8

567(8 d$8=>ed^:f8567(8 d$8=>?g$:j ah12%34. !#<%l(8

567(8 d$8 m^:f8567(8 d$8 k^:)H%3X?/,-.F,#<+,# B 1C V )H+,12%34.-D !1 B C&#$F@AB 4.#$12%&)*4. !#<%>e8

8n1 K %3C&# Bo ah#$F4 B -DbP%&"7<9292:C&#$) 85p>?7(d
W

M B ) K /,-D%%&' B1IH-D%3"V!B C3-D%&4H"! !]
 7<92;2:

W
C&#$) 85p>ek29

W
q "!%&4H4 B "!+M B ) K /,-D+1V ) B$V /,[\%&"MN+,0T# B )B<V %3IH+,#$0, rG

"!%30 B # B )Hah%C&I* !#<+,#$F"!%%&%3C&-D C B '(-D+,C3 ! 
W

i B ) B RS% K1"!+,i B 4.E,#$C&E0 B # B )Hah%
)H%3RS%&"! !E

W
C&)*+,12"! N#<FIH# B<o a !C V!B -DF,X B 1^+,"!a

W
o ah#$FK`B '$/,#12X?+, K`B<B #<" B RS%&"! !Es #< 

 K %&"N" B
W

+
W

 "!+,RS K   
W

 V +,)*+ K %&#$)H+ K  
%&' BK %&bP4*/12X?+, K`B<B #<" B RS%&"! !%q /,[\%3C&#<1t/,%&#"!% B<o i B 4. K a K 812ah'<-DE,4. !#"!%
 q "!%&4H4 B "!+V +,)*+ K %&#$) B 1j 12%34.%&"N !%#<)*% o /T%&#<C3E 8"!%B '<)H+,"! !I*%&"! !]"! !0T+,0, !i

 %&C3#<F)H%3X?/,-.F,#<+,#+,"!+T- B '( NIH"!ah]B<o$B Xu"N+,IH%&"N !E,i"!+,RS NijC&-H/,IH+,%

⌡
⌠

⌡
⌠

253

,dd)+ln()(
)2(

¨

(4.6.1).0=,)(
)2(

=

.)/()(=/2)sin(,)/(=

),/(sin0.=

zRa
G

GG

aza
G

GG
u

a

x

SS

lllaallR

llR

r

la

φρρρ−τ
−

≤ρρ−τ
−

τ
τ

−

−

−

−
ζ

−−φ−

φ

θ
ρ

v(w&xyzt{&|6}&~���2�u~(xpw3��������y�2v(�yz^�y�2v(�y��2���(���y�e~(����(�y��yz^���P~(vTw� zt{3xp�$w3��p� �

�Z���D���!�&�!��T�P  �h���!¡¢£¤¥T¦§.� � § � §.� � § ¦
� ¥(¦ �(¨D  �Z¥T©ª §D�¨ �P¥T£¤�h�Z�« ���N��¬�!®¯D° ±

0000
1/2

0

22

00

2

1

2

2

1

2

1/222

1

2

2

1

2

1/2

1

2

2

21/2

1

222

1

2

2

22

2
-1

²²³²

´³

a

µ*¶ ·¸S¹�ºD»_¼½¾�¿t¾�À�¿

π



 !"#$%&'(

)*+ ",-./01+23 $%40 $%56$'7 + $89:;< 7 : $./0 : ./+/=>) : "#7/? 3@+AB
7/$ :;C;D2: " +/3 ? 3@+) &%$ 3@+& :E9F BGHIJE ./. $%7/" +/K &%$)) ?LM + & < $%7C ? <K : 4 : 0 ?LN

(4.6.9),)(sin=)(

(4.6.8),
3

))(2+(2
e=)(

(4.6.7)

.])()([+])(+)([
1)(

2
=

(4.6.6),
)(

)(
1)(

)(

)e+e(2
=

(4.6.5),)()(+)(+)(
1

1
+

)(+)(
1

1
)2(

=

(4.6.4)

,
)(

)(

1)(

1)+(
)e+e(

)2(
=

(4.6.3)

,
1

)(
sin

1
)e+e(

2
=

(4.6.2)

,)()(+)(+)(
1

1
+

)(+)(
1

1
)2(

=

254

la
l

a
zzf

laala
zf

zfzfHzfzf
G

lll

lala

G

zfzfzfzf
m

zfzf
mG

AGG

lll

lal

m

m
a

G

AGG

l

ala

l

a

m

m

G

GG
w

zfzfzfzf
m

zfzf
mG

GG
u

−−)(

ρ

−−

τ−τττγ
−

γ−γ
β

π

γγ
τ

−

−
−γ−γπ

ττβγγ
σ

τ−τττ−

ττ−

−
σ

−

−

−γ

γ−γ
ττ

−
σ

γ

−
−)(−ρτρτ

−

τ−τττ−

ττ−

−

O,P,Q,RST6UVWQ,XYZAULT6[\Q[]AP,TY^_`abYQ,UcTYdefg^hZAi\Z

1/2

1

22

2

-1
18

2

1/2

1

222

1

23

2

17

322321k22k21
k

k

211

21

z

1k

2

2k

2
2k

1/2

1k

22
1k

k

211

21

z

320319220219
2

120119
11

662

2

1

2

2

1k

2

2k

2
2k

1/2

1k

22
1k

kk

2

k

2
k3

2

1

662

2

1

2

1

k2k

2

1/22

2k

2

2k

-1

k

k

1

2

2

1

2

318317218217
2

118117
11

2

2

1

2























































i

i-i

-ii

-ii

φ

φφ

φφ

φφ

k=1

2

k=1

2

k=1

2

k=1

2

Σ

Σ

Σ

Σ



 !"#$%& '#$()*+(),-./012345 6/5 789: 345 6/5 ;<=> #?@ABCDEFG"H > ./# > !"G"G"I01D$BCJ$(C%K

 L"(CM=NO%1L >P FQ.8R@ >/S %&.01D$BCJ$(C2NODE2HT()NO(CJ$GU . > M#$%&VW%1L"G"%XY> DEL > %

255

(4.6.16),
)(

]+)5(4[)(
+

)(

)(
)+2(1

)(2

)e+e2(
=

(4.6.15)

,
)(

)(
+

)(
sin

2

21

)(2

)e+e(
=

(4.6.14),e+
)(

+

))(4(1+sin)4+5(
)(2

1
=

1965).(Westmann,

(4.6.13),
)(

)(e
=)(

(4.6.12),
)(

+sin=)(

(4.6.11),
)(

)(
e=)(

(4.6.10)),(4e
)(

)(
e=)(

lll

llaallz

lll

lala

lll

laza

l

ala

l

a
w

l

l

ll

alza

la
l

a
zu

lll

alla
zf

ll

ala

l

a
zf

lll

lala
zf

zf
lll

lala
zf

−

ρ−−

−

−
ν−ν−π

ττσ

−

−−
−)(ν−

ν−µπ
ρττ

ττ
−

−

τ−ν−)(ν−ν−µπ

−

−

−

−

−
)(−

−

−

−
−

−

Z[\]^)_`ab^)cdZ=Z

e4f1ghijk1lmn1opqr'sTo4gtf&uvwbxyz{hr'e4{hi|{hr'e4{hzr'xqz4py}hs]o4xy~�4{hr}hi|xqw�o4e)f� ijk&gt�8f&��t� �

3

1

2

2

2
2

1

42

2

221/22

2

2
1

1

2

2

2
2

1/2

1

22
1

1

1

2

2

2

2

2

1/2

1

222

2

2

1/22

2

2

2

-1

2

2

1

2

2

1

2

2

2

1/22

2

2

1/2

1

22

2

-1

1

2

2

2

2

2

1/22

2

2

1

22

22

1

2

2

2

1/22

2

2

2

-1
21

1

2

2

2
2

1/2

1

22
1

20

17

1

2

2

2
2

1/2

1

22
1

3

19











































-ii

-ii

i

i

i

ii

φφ

φφ

φ

φ

φ

φφ



 !"!#$%&'()*+,-./0!)12$0!23)145 623"!+,-789"!+: /9;.%&#< /,"6=,45 !>0!23#$%&"!45 6+,-78,"!+9>23?@"!23AB"6+,>C
'(;1%"!+,'3)*/,DE=, ?&;1AB !'(+9FGHI%&J;.%@J!?&#3AK !%&L0!23;#3%@-7%&M/,0!)N/,'(2$L

 !DE23#3)12$0!"!23L#3)*+,"!?&AK%&)1?@+,-78,"62A)1+,;1 6/,?@+#3)*%&HI !"6/=,)*/9'(-./9FO ?&?@-7%&;1/9J!#3%PQR

⌡
⌠

⌡
⌠

4
3

19
7+

3

4
)(e

8
=

dde))(+ln(=

const.=,e=

(4.6.19).
)(

e

)(

]5)+2(6[)(
+

)(+
)(

)]32+(2+[)(
+

sin
)(

)(2
)(2

2
=

(4.6.18),
)(

]+)5(4[)(

)(2

)e+e2(
=

(4.6.17)

,)e+(
)(

+)5(4
e

4

)(

)(
+

)(

)(
)4(1

)(2

2e
=

256

llala

azRI

cc

a

lll

l

ll

lllalaz

ala
ll

zaallaz

l

a

ll

ala

lll

llaallz

ll

lla

l

a

lll

allz

lll

lala

−−ρ−ρπ

φρρρ−

ρτ

τ
−−

−ρ−−

−ντ
−

ρ−−

)(−
−

−
ν−ν−πτ

−

ρ−−

ν−π
ττ

−σ

ττ
−

ρ−
−τ

−

−

τ
−

−
ν−ν−π−σ

STUVW@XYU

Z7[7\7]^_`abc\7defgah_`iN\ijg[7_eklmnoe\7aT_epqr*k5fgsNf

2

2

1

2221/2

1

22

000

201/2

0

22
0

00

2

1

2

2

2

2

2

2

1

2

2

1

2

2

2

2

42

1

2

2

221/2

1

22

1/22

2

2

3

1

2

2

2

2222

1

41/2

1

22

2

-1

1

2

2

2

1/22

2

2

z

3

1

2

2

2
2

1

42

2

221/22

2

2
1

z

2

2

1

2

2

2

1

42

2

22

2

2

2

2

1

2

2

2
2

1/22

2

2
1

1

2

2

2
2

1/2

1

22
1

2
















































i

i

a

i

i

-ii

ii

i

t*u vw`xly7zN{V|l}Y|l~l}

φ

φ
π

φ

φ

φφ

φφ

φ



 !"#$%&'()*'+,-. $/ %&012+34015607 0 " '+'.-8%&'(89: "!; 34<=31>? '34'/ 0 " :=@&.-3 ;A 0 ? ' AA >
34034<BC=DE4310F 2 " .56%G<=,-.-HI'(JKL5 " <  C=01J234%G'+MN.-,->"#O 7 04J !"#$.-,-PQ<=%&.-<B,-34,-> A

$ P "#$ '+312 $.,-< / % $=? '(,-.-JC=01,-HI'+,-31%&<=HI.-.C=01E4RSRS.-HI.S'+,-34< A .34%G' AT$/ 0 " ,-042+3 ;=O
0 / %G'  ' " '+,-0/ 04PQ'  '(,-.-'<=2(. AT/ 340431.-@&'(2+C=01'@&31034%G'+MN.-,-DA '+US<B,-.-C='PA ,-'+,S.-'
V :=MN'(2+34PW:='+33401@&,-042(3 ; L.-U/ %&01PX'+%G.-3 ;.'+540/ 04PQ3404%G.-3 ;2 A 015,-'/ 04CB<,-.-CB340

@&3102 " 0 ? ,-> A D,-<=2(340 "!; C=0PX>Y5 "#$= .-3PX>YPQ0  Z U34%G'+MN.-,->[LE "!" . / 34.-@G'+2+CB04J !"#$
%&'()*'+,-.-'2 " 0 ? ,-04'04@G'+, ;.-US,-'('.-2 / 0 "#; 8\: $34%G'+MN.-,->YDC=%&< O,-</ '(%&' A '+MN'(,-.-J

.,-< / % $=? '(,-.-J/ 0 " ' A.,-< / % $=? '(,-.-JC=01,-HI'+,-31%&<=HI.-.C=01E4RSRS.-HI.S'+,-34< A .
A ' ?I :2+010434,-01)*'+,-.-J !"#$PX>Y%G< ? '+,-. $PX>YPQ' " .

56%G<=,-.-HI'WL'+540CC=%G:B56<HI'+,S34%&<043 PQ.-56<='(342 $C=0104%  .-,S<=3,-<=@G< " 0
.%&<  .S:=2C=015  <] L ] L ]^_\` Da ] L ] L bXc2 " :=@&<=J/ %&'  ' "!; ,->YJ%&<=2(2 A 0431%&.-34'd

,-<=54%G:=89C=.KL
2  PX.-56< O MN'+J '(J-2+34PQ.-' A/ 0  / %&012+34%G<=,-2+31PX'+D.-890434%&0 / ,-0 A34%G<=,-2+PQ'+%&2(< "#; ,S0

P34%G'+MN.-,->/-" 012+C=01J/ 0 " :ef 7 '(2+C=01,-'+@&,-01J !"#$g %&.-,S<R^:=,SC=HI.-.h <=J  .S34'b1L

d
P.-2 / 0 "#; 8904PQ<=,-<7 >Y< "@&3103401J-D<=,-< " 0456.S@&,S: O

/ %&01HI'  :B%G:=D.-2 / 0 "#; 8\: $E4,-'(%&56.S./-" 0134,-042(34. !"#$PX>Y%G< ? '+,-. $h <=J  .S34'i L

34%G'+MN.-,->[LC=%G:B5 " 01J,-<=54%G:=89C=." .-,-'(J-,-04J2 " :=@&< $
 !"#$R^:=,SC=HI.-J/ 0431'+,-HI.S< "#; ,-01J042(,-04PX,S04J/ %&0 / 04%&HI.S04,-< "#; ,-<jd

/ %&01.-8kPQ0  ,->Y' d PQ'/ '(%&PX>Y'
PX013/ %&. A '(%&<=DC=<B@&'+2(34PX'l%&'()*'+,-.-'WL/ 0 " ,-04'8k< / .-2+<B3 ;. .-R^RS'+%&'(,-HI.-%&01PX<=,-.-'

PX> / 0 " ,-.-3 ;@&.-31<=34' "#$ !"#$: / %G< ? ,-'(,-.-' AUS04%G04)*. A7 >Y3 ;A 0 ? '(3m 340

257

(1975)SihandKassir

,

.)+(=,)(=,2=

(1968).SihandKassir

.sin3+3)(e=

,12+34sin+21215)(e
8
=

.
15

16
)sin4+3(4+

15

)3+4+2(8
+

a

kGGkGGkH

zI

l

a
z

l

a
la

z

I

za
l

a

l

l

a

l
ala

z

I

a

l

a
zaz

llaa

∞→−

π−ππ

∂∂

)(−−ρπ
∂
∂

ρ−)(−−−ρπ
∂
∂

ρ
−)(ρ−

ρ

nop6qrsQt

uvtwq(sWt

x pky-z{|1}S~ x pe�
�e|Xz�sWt�~Bt�s

�6�\�Q�\�K�\�����B�6���6�+�6�Q�(�G�\�6�6��6���k�\�X�\�6�6���� �6���6�������6�Q� ��� ����r� �

�! I¡B¢£¤Y¥o¦§- I¨-©¥o¨
ªo¡B I¡6«¬¡B¢¡6¥Y¤o®¤¥o¨�ªo I¯-°±¡6¥Y¤o®ªo²#³G¡B´I¡B¥o¤Y¡µ�¶ ¤o«¬ªY�!²#�!¤Y·�¡ ¶ §-²#¡¸#¹ º

GGG 3

2
21

2
32

2
21

2
21

22
1

2

-1

2

2

2
1/2

1

22

2

2

222

2

-1

2

2

1

2

2

1

2

1/22

2

2

2

5

2

-1222

2

1

4

1

224








































i

i

φ

φ



 !" #$" %&'()*  !" #$" +,*  !" -!" +&'.*  !" -!"/01' 23456789:5;<=34 ,>? 45@,>AB,&C 6 C = AD A :$EF 45G$HI:,>ABJ ;IK C = .LM;I8 .3F 23:545: .3N7C 8 ?I.3C89O C 67HIPQR .3C

F 456S;=3;I2 J7M K C = . @? 4$=3T C =3: J ;IT .3.? 4$U5VLV . T .LC =3:W , 4$6 M
6SO M

4 D 45XY=L; N7C = .3M )89O C 67HIPQR .3C,>,&C 6 C = AD A O .Z 6 C 89E

 !" #$" %&'()*  !" #$" +,. 8[2345O\EIX14 , ;I=3= AB]23; J ; F^C : J 4 , 458[=34 , = AB]6SO M6 C @389: ,&. : C O\EI= A;I8 .3F 23:545: .3?I._ O C 67HIPQR C9C: J`C R . = A "?IJ ;<P =3;? 4$4 J 6 . =L;I:=3; N ;IO\4 F8'abbb*? 4$4 J 6 . =L;I:89V C9J7.3N`C 8 ?<.3]8 . 89: C[F HO\4 ? ;IO\EI=cHIP
FCW ,>C 6: J`C R . = A "2 J 4 . X , 45O\EI=L45@?IJ ; M4 ? 45O\4=3;I2 J7M K C = . @.2 C[J7C9F^C R C = . @ 234 ,&C 6 C = .3C;I8 .3F 23:545: .3N7C 8 ? 4 C. 8[89O C 674 , ;<:5EF 45K C[FF^A89OS4 , ; F^. b6 J H<G .3F^. =3;IG J HIX ?I. b6 C @389: ,&.3C9F23456G J ;I= . T C @G!O\;<6 ? 4$@8: J`C R . = A 2 J 4 . X , 45O\EI=L45@6SO M6 C @389: ,&. : C O\EI= A? 4$:54 J7A @J7C X1HIOSEI:5;I:$4 , b4 D R .3]= C[? 45:54 J7AB] 2345O7H N7C = .3M6SO M. 8[2345O\EIX14 , ;I= AD A :$EF 45G$HI:45= .6S; , O C = .3M b 6 C @389: ,&.3C9F23456: J`C R . = A?IJ H<G!O\4$@6SO M:54$O\E ? 46 C @389: ,&. : C O\EI= A !" #$" %&'*  !" #$" + VL4 J`F HIO Ad 45: M

_ .3] ".e ;I8[8 .3J 4 F2345O7H N7C = AD A O .N :$4: C bN7C[F892L45894 D 4 F b2 J 4$89: ABFD 4$O C9C 2345O7H N7C = A.2 J 4$R CXY6 C 89E b2 J7C 6S89:$; , O C =3= ABCf C XgHIO\E<:5;I: A b: J`C R . = A "?IJ H<G!O\4$@

(4.7.5)),0(+
1

+
1

22=

(4.7.4)0(1),+
1

+
1

22==

(4.7.3),
2

=

I,

(4.7.2)1,2,3.=,]cos+[=

,]cos[=])sin(1/+[cos=

(4.7.1).sin,)()(

,)()(,2,sin=

,
2

1
+,

2

1
,cos+=

¨

258

I

r
m

Sm

m

Sm
rHkw

m

T

m

T
rHkuu

ap
k

kQT

QSQ

T
a

r

l

a
Taral

SarlaarQllrz

rTalrSalra

r

−−√π

−

γ

−

γ
√π−

−

π
√

θ

θ−θγθ

)(−≈)(≈−

≈−≈−θ

≈−≈θρ

−

φθ

−

h$ijklmlnopokqrLs!tuk`v
k5wItukYijk$wltuk>xYk

y\z\{\|}~����{\�����B~��l{���z\~����u��{\��~����`�����l�

2

22

1

11

1

2

22

1

11

1n

1

1/2
kk

1/2
kk

1/22

k

22
k

k
1/2

2

-1
k

1/21/22

2k

2

k
1/21/2

1k

22
k1k

2

2k

2

k

2
2kk

2
1k













����<�L����`�<�S�\�o�S��L \¡¢��<£`¤&�L¤&����¤¥^¦ ����¢�§!�<§<��¨\¤ ¦ �\�!¤



 !"#$%&'()*+,-../,-.0'1 .2 ./,34-56( $)7,-89:;<= >/? (@A 7
B ./&C5DE " 8**FGH&C()IJ8K,-4384-568KL 1./,-4M ( 2 &'435N8O& 7

&'8OPQE "!R)1 ( 1 ./* =4-SE 2 &C./TU8K,-4 $PV,3( 0 4 1 8 "#R ,3./WX. !"#$4-Y 2 . "#R PQ./*+(),-GZ G 1<R
56./W<E 1Y " E 0 ( $ S,-8O[). 1 .<&'GHS*[). 1 ./&'GH8*FPQ()4-56./. 1 ,-.<\]8K,-4 $

49^_X= % = %Q` AYK*+./a-Y 1 *F(PV(@568 1 4 " 4,-82 ./Sb./IJ8c 4-S4d ()YOYK4-&e,-()\]435
YK.<. 1 *+8 1 Y 1 *+E@8 1. Z ./PV,3( 0 8K,34 $4-S,-()\ 70 8O5Z . "#R \]8 7&'()Pf8KY 1/R,-( 2 & $ IJ8O,-4-a

[).<,-gJ8K, 1 &'()gJ4-4[).<h B3B 4-gJ438K, 1 (. 2 &C8  8 " 8K,-4384-S0'1 .PV( Z GH*F( 1/R)7,-8 . " IJ,-G
56Gc 4-S 74d ()YOYK4-&C(&'8OPQE "!R)1 ( 1 ()564Y&'8OPQE "!R)1 ( 1 G,-()\]4YK&C()*F,-4 1/Ri 1 . Z G

=4*F568OY 1 .4Z G 1<R . " IJ,-.B ./&C5DE " GYK[@. Z [@()SB 4-W<E)&',-GHS
*0'" 8O,-(PV,3()568K,-( 1 8 " 8*,-( 2 &'4-568K& 7. 2 8 0 ( 1 ./[ 7,-8O[). 1 .<&'GHS[)&'.<568

&'8OPQE "!R)1 ( 1 ()564YYK.<W " ()YjE)L 1 Y $./YO,-./*F,3./5*_X= kX= > A9^_X= kX= _l ./&C5DE " G

2 . " E 0 4-5Um
56G9^_X= kX= k A 749^_X= kX= n AB ./&C5DE "&'()PQ,-./Y 1/R4YOE@565DEo G 0 4-Y "#$)$

4YOE@5656([)(@[4-, 1 8K& 2 &C8 1 4-&pE)8 1 Y $Y " E 0 ()8h 1 ./5*q ()&'(@568 1 &
. Z TU,-./Y 1 4 =2 . 1 8K&'4Z 8OP./YO8Ka 72 &'8O. Z &C()PV.<*F(),-4 $WX&C./56./P  [)./W/.4-P Z 8KIJ( 1/R,-()5
2 ./PQ*F. "#$ 8 12 &'8  !2 . " ./IJ8K,34-8r 1 . !"#$*FG 0 4-Y " 8O,-GZ G " 4&'8OPQE "!R)1 ( 1 Gr 1 4

259

1,2.=

1)]+(]/[[

),)/((sin=

(8.94c)

(1975),Sih

andKassir

.
1)(

]1)+([2
+

1)(

]1)+([2
2

=

,+
)(2

=

.2+

=,+

0.=

(4.7.9)),0(+
)(2

==

(4.7.8)0(1),+
)(2

=

(4.7.7)),0(+
1)(

2
2=

(4.7.6)0(1),+
1)(

1)+(
2

2=

k

mAAmA

TS

n

nnnn

Qm

Tm

Qm

Tm

r
HkA

Q

T

Q

T

r

k

i

r
Q

S

Q

S

r

k

Q

T

Q

T

r

k

r
Qm

T

r
HkA

Q

T

m

m

r
HkA

−
γ−

γθ
γ

√

√√

−

−γ

γ−γ

−γ

γ−γ
)(πσ

γγ−
γ−γ√

σ

τσ−
σσσσσ

φ

√−
γ−γ√

−ττ

γ
−

γ

γ−γ√
σ

√−

γ
)(π−σ

−γ

γ−γ
)(πσ

sXtuv+tuwxtuyzt{|@}X~}|X�KsXv+�O�Ctu|X}X~sX���Vtu�Ftu|X}Xt��� }Xw�sX������}X�+t �{� ��t�j� �

k44k

2
11k13

kkk

222

23

2
22

2

111

13

2
11

2

1/2
166t

22

2

11

1

21

1

n

ntt

n2tn

2

2

1

1

21

1

znz

2

22

1

11

21

1

z

kk

kk
1/2

1662

k

k

kk

3

2
kk

2

1/2
1661

��
�

����

�

























k=1

2

k=1

2

Σ

Σ



 !"#$%&'()*+ &,- #./012##.3('1

4,&!4/ & 3(+56,7 4 68 $9: 123 &!;<- 6 ;= +9# $%= 128 & /2/06 ;
> #?+9#.7:@A + &,B #./) AC *DE ' B #  FGHIJ HIJ KLM*NGO:/2/ ACP#:@: # $/ &,= +9Q B #?/21 P O4 '*/2RS#./  + & RS121

4 '*T(U0U012RS10#./  V ' EW=2X # 4 8?/ ACP'(8?# P J= +9#?'()(+ & 7Y' :@& /21 P3I+5' E '(7 $%4 12Z127[)(# BS&! (D
/ &,E= '(7 : ' X 1  \  '14,&!4= '(/01 EW& #  8.Q

8.'*'  (: #  8  (: #?/2/2'(]1+ &,: / A1
$ # 4 ' EW= '*7Y12RS121= +91>9 '/ &,= ' E 12/ & # E O^ A3I+ & /212RS# P J3 X_&!$%4 ' P

8 +5# - 12/ A=2X '*8 4 ' P4 + & Q' 4 ' X '= #?+9# E # - #?/21 P1/ &,= +9Q B #?/21 P= ' X Q= ' : # $ #?/212#
& 8?1 EW=2 '  1 > #?8 4 '*#1 E #./0/2' O&+9#?7[6 X%D, (&, *A O'() - 12#/2# 4 '  '*+ A #' = Q  (D:@AC: #.8  1

E ' B # E^ A

:$%& /0/ ACE 1+9#?7[6 X%D, (&, *&,E 188.'*3 X_& 8`6,#  8.Q>9 '

+ &,: #./a #.7b6 X_D! (&, HIJ K*JcdeKfNgJFGHIJ K*Jcd[h
1 X 1HIJ MIJ i@NFGHIJ MIJ H127/ &,P0$ #./2') AC *DE ' B #   # X #127['  +9' = /2' E: +5# - 12/ A
4 + & Q' 4 ' X '/ &,= +9Q B #?/21 P1= #?+9# E # - #?/21 P= ' : # $ #?/212#j 8.1 EW=0 '  1 > #.8 4 '(#

¨

(4.7.16),+
2

=+=

¨

.2+=,+

+=+=+=+=

0=

1968).Liebowitz,and(Sih

(4.7.15)),0(+
2

3
cossin

2
==

(4.7.14)0(1),+
2

3
sin
2

sin+1
2

cos=

(4.7.13)),0(+
2

3
sin
2

sin21
2

cos=

(4.7.12)0(1),+
2

3
sin
2

sin2+1
2

cos=

(4.7.11)),0(+
2

cos)2(1
2

sin=

(4.7.10)0(1),+
2

cos)2(1
2

cos
2

==

260

IIIII

G

G
a

ikkk

i

iiuuuiiuuu

r
r

k

r

k

r
r

k

r

k

r
rk

w

rk
uu

ττπ
√

τ

τσ−σσσσσ
ττττττ

φ

√θθ
√

ττ

θθθ
√

σ

√θθ−ν−θ
√

σ

θθ−νθ
√

σ

)θ(−ν−θ
µ

√

)θ(−ν−)θ(µ

√

−
−

k_l_m_nopqrstm_uvwxrCpqyzmy{xl_pv|}~��vm_r�pv���5|Swx�zw

1

2

32

nttn2tn

tzzn
(n)

tn
(n)

yzzxzyx

1

znz

1

z

1

2

1

1

2
1

2
1

n

�





































�}�5�!�%�_�`�%�S�����!�0��0�_��}�!�5�L�0�L�x�}��W� �}���}�I�!�!�}�_� � �_�I�



 !"#$%&'(%)!*+,*-./0123 423 567890:)/0123 423 5;<;9=%>'?8@ "#ABC#D)AB&E*-*F&G .H(%)!AB$IJ'J

K = )LMN"#OP)LC123 Q#3R7STU9/0123 Q#3 5/0123 423R784;9)/0123 423R789V "#OPABC >'@ "#MNK >

261

(4.7.25),+2+

1111

)(

1

2
=

(4.7.24),
)(2

=

(4.7.23).
2

+
)(2

=+

(4.7.22),
)(2

=

(4.7.21)

,
2

1)(
+

1)(

2
2=

(4.7.20),
1)(

1)+(
2

2=

(4.7.19),
1)+(

+
1)+()(

2
=

(4.7.18)

,
2

+
+1

+
1+)(

2
=+

(4.7.17).
)(2

)(
=

Q

S

Q

S
AH

Q

S

Q

S

r

k

Q

S

Q

S

r

k

Qr

Tik

Q

T

Q

T

r

k
i

Q

S

Q

S

r

k

Qr

Sik

Qm

S

Qm

S

r
AHk

Q

S

m

m

r
AHk

m

Tm

m

Tm

A

rk
w

S
A

rki

m

S

m

S

A

rk
iuu

GGa

GkGkG

π

γ
−

γ
−

γ
−

γγ−γ√

γγ
σ

γ
−

γγ−γ√

γγ
σ

√γ−γγ−γ√

γγ
−ττ

−
γ−γ√

γγ
−σ

√γ

√
−−−)(γγπσ

−γ

γ−γ
)(γγπσ

γγ−γ−γ

√γγ

√γ
−γ−γ

√γγ

−

−√

−π
τ

W2XYZ[XY\]XY^_X`aEb2cba2deW2Z[fBghXYa2b2cW2ijklXYmNXYa2b2Xnop b2\qW2rjijrjb2s[X p`t ijXuvw x

2

2

1

1

66

2

2

3

2

2

2
1

1

3

2

1

2
21

212

t

22

2

2

11

2

1

21

212

n

3

33

22

2

11

1

21

212

tzzn

2

2

1

1

21

212

z

33

33

22

2

11

1
1/2

662122

k

k

kk

2

k

2
k3

2

1/2
662121

22

22

11

11

2144

212

3
44

33

2

2

1

1

2144

212

tn

2

2

1

2

211





































































k=1

2

Σ



 

!"#$%&'()*+
,-./0"!"12034-5-67)85-'(9"1:;(./<(,,=>0"?@'A %2;(B2'(C?@%&C!"1:#DEF,-5-6<(12'GC

0"<G0"%&04-#$12#D=>#DEF#$5-,-H,5-'(4I12C(JK#$5-,-H4-0"8L#D?@#$5-,-#' A ,-=>4-!"0"!3,-B2# A <(03#M '(H-?@,I!"#N +

O N + PQ+ RQSLTU+O N + PQ+VWXYLTZ 678[#$?@,-!"#S3+

O N + PQ+ \[TU+O N + PQ+ N TZ 678[#$?@,-!"#RQ+

O N + PQ+VW/TU+A 4I12'(8[#$?@%&,-8L0 A !3]^ 0"?@!38[#D1:?@,-!"#WX+

4-1203EF#L+5-'(=>5-039Q08[671:'(JK#D5-,IC5-#$<(0"!"031267#A ?2#D%&'(!3]=>0"9"%&0<(03!"0"1203#O N +VWX+VW/_3T`a
A 8L0"H A !"8['.b'G=>#D!",-%@,5-#0"5-,B2!304-0"!30"=c;(a0 A 5-0"8[5I0"=85-'(de,IaB2#$=A %@0"JK5-67=>,-a

f 03%&#D#8[679"%&C(?@CG!g ,-),h ' A$A ,-1:'i 0"1:=c;(%&6)I0"!3C5-'(de,I=>,-aAA 039Q%&' A ;(jk! A C
i 0"1:=c;(%&6l A !3'(%&](5I67#,O Y3+ \3m['GTi 0"1:=c;(%&'(),-)80"4-#$B2'(!30"<5-# A <(0"%@](<(0

!"'G<(JK#n =>#Djk! A Cf 67!3]:+?@03%&JK5-0,o !30<('G<!"03%&](<(03a,AA 8LC(.b678L'(#D!
12#$./;(%@](!"'(!5-'(d4-12'G8[,-%&]G5-67=F f 67!3]=>0"JK#$!5-#B2!30a,aa0"!.b'G8[, A C(EF,-=

4-0"<G'(.b678L'(#D!0"5-'B2!304-0"!30"=c;0"de, f 0"B25-'Gag ,-),h ' A$A ,-1:'p 0"1:=c;(%&'
O N + PQ+VWXYLTU+i 0"1:=c;(%&65-'(de#$HB2' A !",=>5-,-=>0"HA 030"!"8L#D! A !"8[038['(!3]?@03%&JK5-'<(03!"0"12'GC
?@%&CA !31&+ SLPqWrTi 0"1:=c;(%&6<(1203=>#12#$./;(%@](!"'(!3'(=>,

'(5-'G%&0"9Q,IB25-67=>,AA 039Q%&' A ;(jk! A C)I0"1:0"de0?@0 A !"'(!30"B25-0N + PQ+ R"mLTO N + PQ+VWXYi 0"1:=c;(%&6M '(de,

,2
2

3
cos

2
cos)2(1

/2)sin(
=

,
2

3
cos

2
cos)+2(1

2
sin=

,
2

sin+)2(1
2

cos=

,2+
2

cos+)2(1
2

sin=+

IIIII

(8.96c).

(8.96b)

(8.96b,(1975),SihandKassir

(4.7.26).
2

=

262

ikk
r

r

k

r
kw

kik
r

iuu

ku

k

u

u

Qr

Sk

−)θ()θ(−ν−−
√

θ
σ

)θ()θ(−ν−)θ(
√

σ

)θ(ν−−)θ(µ
√

)θ(ν−θ
µ
√

−

−

γ
γγ

−

γ√
−τ

stuvw$xyu

z&{&|&}~�e���|&�����7�e��|���{&�����*��|&�t�����:�K�����

322

2

1

2
2

32
2

tn

t

t

t

33

33

nt

��
���









































�:� ��e���&���v���y�����



 !"!#$%&'()* !)+,-./01"! !2*34!,-)*2156710
 !89:;%&"!%&"< !24!,-=>?@%#%560ABC(DEFGD HIJ.AKFGDEFGD L$M$JN ,-56=>#-01"<,-.I710AKFGDEFGD L$M$JOD.P1=>#-01"!,$.I?@%>"!"!,-:
#-,$Q+7101:; 56.RP1:;2:;%&ST5*P)+01=>=&#$,-21"! !U,-V$)+01#-"<,-W.I%>?@ !Q+ !"<X4!)+%>56=&#$01.I?@%>"! ! 

 !"!#$%&'()*01?@Y1"!,$:"!0,-=>"!,-.I0Z"N ,-56[\,-5ABC(DEFGD HIJOD.5601"<,=&?+P1Q+01%] #$,-:.P1)*01.I"!%>"! !%
 !"!#$%&'()*01?@Y1"!,$%^ =&"!,$.I"!,$%"!014<)+01.I?6%&"! !2Z[ D4!)+,$#- !.I,$4!,-?@,$ST"!X_[.#-)*%&`a !"!X
4!,-./%&)+[\"!,-=&#$21:7"!,-)*:;01?@Y1"!,4!)+ <?@,-ST%&"<,5601./?@%&"< !%,-5+"!,-)+,$56"!,-%N P1=>#-Y

710Z771,$,-)+56 !"<01#-01[4!,-?621)+"!X_[
.5601"<071,$#-,-)+,$W'()*01"! !bT0c,-V$?@01=&#$Y8d0Z"! !:;01Ue`a%&W#-)*%&`a !"!,-W c4!?@,$=&71,$W

4!?@,$=&71,$=&#- .,-=>?@01V-?6%&"!"!,$%4!)+,$=&#-)*01"!=&#$.I,P14!)fP1'(,$%g 01=>=&:;,-#$)+ !:
=&#$01#-YZ%=&?6%&5+P1%>#=&%>71bT ! 

] #$,-W.h 01#-%>)+ !01?"!01'-)*P18971,-W D4!,-?6 !"!,-:; !0Z?@Y1"!,-W,-V$`a%&W4!,-5#-)*%&`a !"!X01"!0Z?@ !8d0
56?@2 !=>4!,-?@Y189,-./01"V-X_#$Y:;,-ST%>#4!,-5+[<,-5i "!01?6,-'( !Q*"!X_W4!,-5+#-.I%>)+ST56%>"!0 D#-,$Q+"!,-=>#-Y
 ![ ?@ !#$%&)+0Z#$P1)+% c.,-4<PZV-?@ !7Z,-.I0Z"!"!X_:; )+%>jk%&"! !2Z:l  !89.I%&=>#-"!X_:; ==&)*01.I"!%>"! !2
:%4<P1#4!)+,$.I%&)*%&"!Xm ,-)*:nP1?@Xo =&%=&%>'(:;%&"<#-0 D71)*PZ'(,-./,-'(, =&%>71#-,$)+071)*PZ'(,-./,-'(,

71)+%>=&#$0 c)+,$:lV$0 c4!)+2Z:;,$P1'(,$?@Y1"! !7Z0 c4!,-?6 !'(,-"<0 cm ,-)*:;%.#-)*%&`a !"!X56?@2.IX_./%&56%>"!X
m ,-)*:nP1?@Xp 4!%&bq m  !Q+%>=&71 !%#-)*%&`a !"!X D4!?@,$=&71,$W4!)+,$ !8d./,-?@Y1"<,-W56?@25601./?@%&"< !2

4!)+ <?@,-ST%&"<"!,-'(, #-)*%&`a !"!X4!,-./%&)+[\"!,-=&#$ 4!%>)+%&:;%&`a%>"! !21:; :;%&ST5*PP1=>#-01"!,$.I?@%>"!,
.I8901 !:;,-,$#-"!,$jk%&"! !%#-,$Q+"!,-%"!,N )+,-=>#-,-% c5601./?@%&"< !2 D"!,-)*:;01?@Y1"!,$'(,,-5+"!,-)+,$56"!,-'(,

56%>W!=&#-./ !%&:4!,-5m ,-)*:;X4!)+,$ !8d./,-?@Y1"<,-W#-)*%&`a !"!,-W4!?@,$=&71,$W,-=>?@01V-?6%&"!"!,$'(,
4!)+,$=&#-)*01"!=&#$.I0P14!)fP1'(,$'(,01"!0Z?@ !89P78d5+%&=&Y4!)+ <?@,-ST%&":;%&#$,-5^ V-`a !W

.4!)+%>56=&#$01.I?@%>"!"!X_:; 
)+%>89P1?6Y1#-01#$01:; ==&)*01.I"! <#-Y:;,-ST%>#Q+ !#$01#-%>?@Y8d0Z !"!#-%>)+%&=>,-.I0Z"!"!X_W3

263

¨

(4.8.1)).(=

0=

1987b).(Fabrikant,

¨

(1968).LiebowitzandSih

.+
2

3
sin

2
sin1

/2)cos(
=+

,
2

3
cossin

2
=

p

a

S

z

ikk
r

i

r

k

φρ

)θ()θ(−
√

θ
ττ

)θ(θ
√

σ

rfsItuvRwxyZwzv

{-|}~/�q�|}�}�T���� ~/���T�(�Z����$|}���&�>��K� �

�k�@�q����6�@���(�� �T�Z� ¡_¢e£¤x¥¦�6§Z¨!£!©ª@« ¬

32tzzn

2

z















_®/¯(°@±q²\³



 !"# !$%&'()*+,-&'./,012 ,

3 . 2456/7 .'89,:;*+<4,:&=>? <4, 3  !@ !; 2 ,-<4AB&/ BC$%&'()*+,-&'./D
E (BF 2  0  2 <4D3GHI6  #<4&/,:&/ " H ;#A8J !FK,:;&/( 6'7 D)FK,:&/./D&/ 7 8J()<4A)&/ 0  3GH *L./M-<4,:&/./,

N ()<4AB&/,-@/OP,:,Q ( ? M-M-(RCST? & E)U ./V0 . 6 , 7+0 ,: !8J,-; 7 ./*+,:M E ? V !"# !$%&'()*+(),:;W 2 ,:M-A

; 5,2 (6  X &/;!, 017 . 7  3 ()&'./,YZ[ C \#C ]^_`C6 , 7 ,-8J,-ab,:&/./D6/7  #./$ 3  2 D)ab(BD c
&/( 0!7 ? $ E (" ? 2 ,-;6  !M:;! !DB&/&/ !@E"!<d./$ E  E ( E6/7  3 , 7 ./;!A

c
8J !FK,:88 HYZ[ C \#C e#_

c

3YZ[ C \#C ]^_6  2 M-;!( 3 <4D)Df , 6 , 7 A 6/7 , 2 ,:<4,-&/.'VgC6  2 <4,-FK(Bah(BD6  !M:;! !DB&/&/()Di012 ,

7 ( 3 &/ ; 7 ,-ab./& H6  3 , 7+j &/ !M-;#.6 , 7 ,-8J,-ab,:&/./,&/ 7 8J()<4A)&/ #,
kl? M:;!A2 ()<d,-,^C6  E ()$%(B&/ " ? 2 ,-;E ( ES  7 8

c
7 ()$m<4./*L& HIj; 7 ,-ab./& H2 <4DS  7 8 ? < H

;! #*+& H ,2  #M-;!();# !*+&/ .n!<d<4. 6 M-(2 <4D7 ,:OP,-&/./,YZ[ C \#C e#_./$6  !< ? *+./;#A
8J !FK,:88 H8J,-&/,:,-,

c
&/,f ,-8OP. 7 .'&/ !@oC.2 <4.'&/ !@8J,-F 2 ?7 ()$m&/. U ,:@"! #<4A)OP !@

M !"#<4()M-;#,-@M-< ? *+(),3? j ? 2 OP(),:;!M-D !" H *+&/ ;! #*+&/ !M:;!A6  !*L,-8 ?6/7 .'*+./&
c

./$ 2 & ?
 !"#pqD)M-&'D),-;n!;# .E)7 ? 0 (3 & ? ; 7 .;! #<4A E  2 ,:@/M-; 3 ./;!,:<4A)&/ YZ[ C \#C e#_

c
E

6/7 . 3 ,-<4 E  #;! 7  #,./&/;#, 017 . 7  3 ()&/./D
c

6  7 D 2dE (./$m8J,-&/,-&'./,*+;#  !;#8J,-;!./;#A
c

r <4, 2 ? ,-;

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

(4.8.6)
)(

d
=

(4.8.5),
8
=

(4.8.4).de
)(

12;;
2

1
,
2

||
2

)(

)(

)(

d

8
=),(

¨

(4.8.3),)(
)(

=

)},(min{

(4.8.2)

.d),(
)(

),(

d
)(

d

2

1
=),(

264

a
B

H

B

n

F

a

xn
F

a

xa

x

xxx

H

a
a

w

a

w
x

x

x

x

H

φ
φ

π
δσ

φ
φ

−−×

φ

−φ

−ρ
)ρ(∆

π
δ−φρσ

ρ
σ

δ

ρ−φφ
δ

φ≤ρ

ρρφρ
−ρ

φ−φρρλ

φ
−ρ

∆
π

−φρσ

s>tLu)vqt#w

x4y4z4{|}P~��z4���o~I}P�Rz��oy4}����q��z4~g}����L�K�o�R�

0

2

0

0

0
2

2

0
2

2
0

2

0

2

1/222

|n|

0

2

1/2
22

00001/22

0

2

0
0

2

)(

0

0

2

1/222

0

3

�













)-i(

x

a

π

πρ

πρ

0φφ

∞

∞

φ

n=-

0

Σ



 !"#$%&'()*+%,-./0-1 $230-1/+  !*)456*)$ +%7/8!,9:/7/8;<=-$+ $ 7/> ()()?+%, $%= ./@ &'$2A3+%B " 1 3C$2= , ()3D45E
B)8!7F1/GH1 * 8I . =9$% B "-$2= B)8!,98!J $%*K()$L  8M 8 "#EN4OPB " 8 ( G 3 8!,Q: * 8 A !"#$%&'()*)4

= ,QR 8S0 *)45E= 8S+  1  8!0 * 8I . =9$% 8 * 80  88!J (K= 1 $%EN?T 4PR 3 ,QR $% +%R
UVW P XSP XDY(UVW P XSP ZDY3= 1 *K* 8 $"-$2[\$%*)()$]!,9, ( B)+%1+%,-./0-1 $30  8B " 8 3C$%"#() : ?T 8!J * 8

 !"#$%&'()*)4O^B)8 3D$%"-6_* 8!+  S$%AB $2"-$%EN$%&'$2*)()$%E
E 1/7/+ ()E 1/,Q: *)45E(* 1/B " R/J $2*)()$%EB "-( ,Q8!J $%*K*)45EEN$ J = .3 G`1 ()E 8!8  !* 8 [\$%*)( R

+%, $%= ./@ &'$2; 8+%B " 1 3C$2= , ()3 8!+  :B "-$2= B)8!,91 ; 1 $2 L  8"-$2[\$%*)( R P8 [\( I 7/8 A* 1/G 3 1 *K4
I 45 :E 8 ; .  ; 1 "-E 8 *)( 7 (8!+  1/,Q: *)45$ 8 ;<= 1?B)8!,98!J ()EEN4a +%, (]!,9, ( B)+%1 P

+%,-./0-1 $3( +20 $ G`1/@  8 *)((3C()= 1 ?8 I &'$%; 88 I ,Q1/+  S$%A= ,QR. EN$2* : [ 1 $2 +%R1 E B), () . = 1
()60  8B)8!7F1/G 453 1 $% S?; 1 "-E 8 *)( 7+%, $%= ./@ &'()6("- 8 A$0 $2 !3b +%+2, $%= 8 3 1 *)(K$

; 1 "-E 8 *)( 7 (c^
"- 8 A$0 $2 !3= ,QR3C45" 1/J $%*)(K$d 8  ; 1 "-E 8 *)( 7 P !*)456$*)$ 0+%8 =9$%" J () *)$YU= ,QR

3C45" 1/J $%*)(K$$ +2, (* ./,9@ ?" 1 3D*)4I . = .  ; 1 "-E 8 *)( 7 ( !*)45$$*)$ 03 + $0  8(7/8 *) . " 1 ?
B " 8 ( G 3 8!,Q: * 8 ; 8= ,QR* ./,9@" 1 3D* 1; 1 "-E 8 *)( 7F13C 8 " 1/R0  88  SEN$% !() : ?d 1/J * 8

+ $ 7  8 " 1 P(+ $2;<EN$%*K 17 " . ; 8 3 8 ; 8M 8 "#EN$38 I ,Q1/+  :" 1/+2+ E 1  S"-()3 1  :
I . =9$%EEN47/8 ;<= 1= 1/, $%$%?B)8 =-" 8 I * 8I 8S, $%$]  88 I +2. =9(KET 4 8S0 * 8!+  !(cP
B)8  S$%"-(G * 1/0 () S$ ,Q: * 8 AI $ G RFJ $ +  S()?> $%*K !"-$3 !"#$%&'()*)4> $%*K !"" 1/+2B)8!,98!J () :
E 8!J * 8+%,-./0-1/R 6EN* 8 ;!()63 80  8 1F7B),Q8S+%7 ()EN?= 8S+  1  8!0 * 8R 3 ,QR $% +%R

EN()*)()E . E]  8  0  8B)8!7F1/G 453 1/@  !?8 I ,Q1/+  S$%A" 1/G`, ( 0 *)456= ,QR3C4 0 ( +%, $2*)( R
e " R EN45$EN()*)()E . E 1 P+ 3 8 $%; 8= 8S+  !(); 1 $% UVW P XSP fCY()*) S$%;<" 1/,;<=-$3C* .  !"-( 8S0-7 $

3" 1/+2B)8!,98!J $%*I 45 := 8S,QJ $%* !"#$%&'()*)4> $%*K !"()EN$%*K* 8 ?1M 8 "#EN45?B " 8 ( G 3 8!,Q: * 8 A
 !"#$%&'()*)4= ,QRB " 1 3C( ,Q8]  8" 1/+2B " 8S+  !" 1 *)() :E 8!J $2ET 4+%,-./0-1 $gP]  8 E

3EN()*)()E . E 1+ 3 8 $%; 8= 8S+  !(); 1 $% UVW P XSP fCY()*) S$%;<" 1/,0  88  SEN$% !() : ?h , $2= . $% 
8 I ,Q1/+  S(cP RFJ $ +  S(> $%*K !"-$3$ +  : ? 8B $2"-$ + $ 0 $2*)( R ?()6 8S0-7 $3" 1/+2B)8!,98!J $%*

 !"#$%&'()*)4> $%*K !"+ (KEiEN$2 !"-()(K?8!+ (=93D$()EN$%$2  !"#$%&'()*)48 I ,Q1/+  :j 8 ;!= 1
+ (KEiEN$2 !"-()(kP8!+ (* 1I 45 := 8S,QJ * 1 8S0-7/1]  10  8+%8S8 I " 1/J $%*)(KA)?M ( G ( 0 $ +%7 ()6

( GGH1F7/,Q@l0 (K :E 8!J $2EEN4+ (KEiEN$2 !"-()(K?8!+2:()EN$%$2  !"#$%&'()*)48 I ,Q1/+  :7/8 ;<= 1
+%,-./0-1 $2?dP 8S0-7F.]  .* 1/G 453 1  :I . =9$%ET 4E 1/7/+ ()E . E 1 P

= 8S+  !(); 1 $%  !"#$%&'()*)4+  8 " 8 *B $2"-$%EN$%&'$2*)()$;<=-$ 8S0-7 $%?+%8S8  !3D$% +  !3 . $% 7/8S8 "-=9()* 1  
* 1/0#1/,Q8UVW P XSP ZDYV?h 8 ; ,Q1/+ * 88  S* 8 [\$%*K()(cP]  8 E3B " 1 3C( ,Q1*)*)45$$8!B "#$%=9$ ,

./+  1 * 8 3C() :0  8 I 4B)8!, $ G *K45EN?I 45 :E 8!J $2 1 "-; . EN$%*K h , $2= ./@ &'()A7/8S8 "-=9()* 1  FP
* 1/0#1/,Q1B)8!,98!J $%*K( R8   1F7/J $* 8()*) S$%;<"#()" 8 3 1 *)( R ?8 I ,Q1/+  S(M 8 "#EN48   8S,Q:/7/8

*)$GH1 3C( + $% :I . =9$% UVW P XSP fCY3()*) S$%;<" 1/,Q1G * 1/0 $%*K()$0  8m 0 $23C()=9* 8 ?3C3D$%=9$2* 8 PI 4 ,Q8

⌡
⌠

265

(4.8.8)
8
=

¨

(4.8.7)
)(

)dcos4(

5

4
=

¨¨

¨

¨

H

B
p

p

p

aH

a

S

S

π
δ

σ≈

φ

φφ−φ
ρ

π

δ
−σ

φ

nop#q/rstuv

nOwxy!z{|Qrst})yDrcn~wspgv

�!���D�u������s���� �D���s�<�F��k�S�����%�2���� �

0
2

00

0

2

24

�

π



 !"#$!%&'($)$!*+,-(./-01234  - 012 ./5 '(67$' 2389: -' 230; 67<=>?6 ./@ $ :4 6AB7C9C -(DE- $!' :72
B : 67FG6<H' 2 ' - $432I4:72I4; 6 . $!<H'9J 01K67L#$!' 56 4I2 < 2I: 5  @0 67ME$ :C967" 0" 2 < ./- L#'(JNO

: "#$!P - '% ./@4 6AB7C9C -(DE- $!' :72Q 23R?S ./- "T6A> 2 ' - $L : 6:72I4
4 " S F 23K . S L 2 $>01234  - 0US3012%&6A : - F 2 $ :V ' 2C967" 0 6 8WX$$: 6 ./5 4 66 ; "#$!%&$ ./@ $ :  @

-6 R . 2  : -" 2 < 0 $!"T6A>6 :< 2 > -  - :'($>?$ ./- L - ' 2L : 6< 2I4 ./Y L - : 5 KZ 67ME'(6

[% ./@>?JN" 2 ME$!' -9Y . $!% S Y P\$ 0US4; " - >?67% @ :+,] X ^AX_`A` *C967" 0 J
V R $B7'($)"TF -9- XC - 4  - "T6A> 2 '('96 8'($ 4 6 : 6A"T6 84: "#$!P - '(JB7'($)"TF -9-6 : '(67ab$!' - $
432I4-(./-; $)"T$ 0 $!P\$)' -(Y K< 2 C - 4  - "T67> 2 '('(6 01S'('(6 0US$6 ; "#$!%&$ .4; $)"T$ 0 $!P\$)' -(@

 !"#$!%&'($)FG66 : '(67ab$!' - $432I4'$6 ; "#$!%&$ .R J : 50 67ME$ : 0 JN .c - < - LT$! 4 - 8

C967" 0 $ [>;(2 " 230 $ : "R $)<H" 2 < 0 $!"#'(J 8V ; "T$)%&$ ./- 0

% 2 Y :G[>?JN" 2 ME$!' - $; 67 . $!%T'($!$>+,] X ^AX d *e 67%& :72 '967> 432

432I4; $)"T$ 0 $!P\$)' - $ !"#$!%&'($)$0$f >?$)%: "#$!P - '(J X; . 6AP 2 % 5$! : 5FG%T$

:I[$% 2+,] X ^AX g *>+,] X ^AX ^ *-+,] X ^AX d *e 67%& :72 '967> 432

432I46 ; "#$!%&$ . $!' 2R J : 50 67ME$ :: "#$!P - '(Jh '($)"TF -(@
FG" 2 ' -(D $ X4R .&- < 4 6<H' 2 L - : $ ./5 ' 2%&6A>?6 ./5 '(6

R J : 50 67ME$ :67a - RA4326 : '(67 - : $ ./5 ' 2 @O96 : @: "#$!P - '(J KD $!' : " 26 4 6 . 6: 6ALT'(J 0
%&6A :723: 67LT'(6RAS %&$ :+,] X ^AX d *L : 667M - % 2 $ 01K:72I4 ME$Z J%&$ :72 ./@ O X>" 2  ) 0 6 : "T$!'9J

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

0.2394.=)4/(30

¨

(4.8.12).
3

8
=

¨

¨

(4.8.11).
2
=

2
=

.
3

2
=

dS.
1

=

¨

(4.8.10),
3

16
=

¨

(4.8.9)dS.=

266

S

BA

AHp

W

AHp

w
A

A

B

AHp
W

wW

τπ≤τ≤

τ

√
τ

τ

τ

π√π

δ
τ

τ

δδ

δ

δ

π

σ

i/j/k/lmnbopqk/rstWoNnbuvkuwWj/nsxyz{|sk/o}ns~��#xEtW�vt

3/2

3/22

av

av

S

av

av

2

S



 !"#$%&'('()*+,)(-./*0&123456789:;<1"=,-./*)(-
> 43-.2?@"ABCD-E-231"AB0FGHIJ K$JLMNO$P)FGHIJ K$J Q8P'(#&;<RS@"459T #&U&231J> @VRWRW-;?1"7X/*1

Y*#&43)*UI#&/(1Y*45#$CD1"23ZY*#&43/*1"6[?0$#0&1V!\)\> 0$#&;?#$/*1"RW)#&]$;?1"^_@"-.RW#&U&#
0&;<-E@"UI#$45Z"/*)(!"1Y*45#$CD1"23Z#&]$#&^`/(1"[?1"-E0a @ > 0&ZJ78-E;?bc)*/*9d #&e23#0&;<-.CD)*/*9

+,-./(0&;?1#&0;?1 >E> 0$#&6"/*)*-f ]&#$^`/*1"[<)*RMgJ!"1V!Y*#&/()*RW1"-.0 > 6h M)*/*23-E! > 1^`/(1"[?-./()*-
[?0$#f [?-E78)*23/*# \h MgJY*;?#$/(@"RW-.;<#&781V/*1Y*-E;?- > -.!"1"AB0 > 6 \)> 0$#&;?#$/*9!"#$0&#&;?#$e
7i -.;<bc)*/*1 \> 0$#&;?#$/*9 Jd #&e2345)(/(@#&]$#&^`/(1"[?1"-E0\23#M#&0> 0$;?-.45!V)[?1 > #&7X#&e

Y*;?#$0&)*7/*1"Y(;?1"7843-./*)*)7Y*#&43)*UI#&/(1> 0$#&;?#$/*9a ;?#&/j@"RW-.;<@V-.R;?1"/(Z"bc- J/-#&Y*;<-.23-E4
]&9:4+,-./(0&;%&0$#&0!"1V!0&;<-.CD)*/*9 \+,-./(0&;?-7;?1 > Y*#&43#&=,-./*#!"#$#&;?23)*/(1"0> ) > 0&-ERW9

k 1"[?1V45##&2?/*#&^`/(1"[?/*#$e J)/*-EY*;?-.;<9l7X/*#&e]&9:451UI;<1"/*)*+m@ \-.U&##&Y*) > 9:781VABCn1V6
P \F'j@"/(!"+,)*6[?0$#&]&9#&U&;?1"/*)*[<-./*)*-ER \-.2?)*/ > 0$78-./*/(9:R>> 0$#&;?#$/*1"RW) \>

Y*#&43)*UI#&/(1'(#&;<RW-70&;<-.CD)*/(@Y*45# > !V@VAo 1 >E> RW#&0$;?)*RJ
;?-Ebc-./*)*6VRp) J[?) > 45#&7X9:RW))*RW-.ABCD)*RW) > 6>> ;<1"78/*-E/*)*6

R-Y(@"0Y*#&2?0&78-E;?=,23-E/*1FGHIJ K$JLMNO$P'(#&;<RS@"459/*1"bc-Ee0&#$[?/*# > 0&Zi 9 > #$!"1"6+,-.43) J
%&0$#&e23456;?1 >E> RW#&0$;?-./(9'(#&;<R/*- > !"#&43Z"!")*qT ;?-ECD)*/*9FGHIJ K$JLMNO$PrJ/*1"bc-Ee>'(#&;<RS@"45-
%&0$#&e> #$UI451 > /*#;?-E^N@"43Z"0&1"0$9> ;<1"78/*)(0&Z)*/*0$-.;?- > /*9:Ra ;?-E2 > 0&7X456"-E0 > 6%&4345)*Y > 1 J
234560&#$[?/*#&e6"7X456"-.0 > 6FGHIJ K$JLMgsXPt #&;<RS@"451J#&]$451 > 0$)Y*-E;?)*RW-.0$;#&]$#&^`/(1"[?1"-E0UI2?-

78)*25 )*RW-.-E0#&]$#&^`/(1"[?-./()*6"q/*1"bc)(q7'(#&;<RS@"451
u 0&1FvM`w8x&sXPyJt ;?)*2?]&-.;<U)t )*q(RW1V/*1 >7Y*;?-E2345#&=m-./*1]&9:451Y*#&436";?)*^_@"-.RW# > 0&)

%&43-.!"0&;<)*[?- > !"#&e!"#$%&'('()*+,)(-./*0&123456'(#&;<RS@"451u RWY*)*;?)([?- > !"1"6
0&-E#&;?)*) JY*;?-E2345#&=m-./*/*#$e0&#$[?/*# > 0&)#&+,-E/*!")23456

) > Y*#&45Z"^N#&7X1"/*9]$@V2?@"0231"/(/*9:-%&! > Y*-.;<)*RW-./*0$1"45Z"/*9:-)[?) > 45-./*/(9:-u 0&)
)231"/(#]&9:45#

^`1V231"[?)=,-0&#$e;?-Ebc-./*)*-z ) > 45-./*/*#$-#&0$78-.; > 0&)*e J!"#$/*'()*U&@V;?1"+,)*e/*- > !"#&43Z"!")*q
Y*#&436";?)*^_@"-.RW# > 0&)%&43-.!"0&;<)*[?- > !"#&e!"#$%&'('()*+,)(-./*0%&! > Y*-.;<)*RW-./*0$1"45Z"/*#)*^NRW-.;?)*4

/*1V@V!"1"q J%&43-.!"0&;<)*[?- > !")*q743@"[<bc-/*- > !"#&43Z"!"#{ )*0$@V1"+,)*6> -E!"+,)*) J
%&0$#&e7)*^N45#&=,-E/*/*9:RW);?-E^N@"43Z"0&1"0$1"RW)>> ;<1"78/*-E/*)*623456) > Y*#&45Z"^N#&7X1"/*9]&9:0$Z]&9

RW#&U&45)!"#$0&#&;?9:-0&;<-.CD)*/ \/*-E%&4545)*Y(0&)*[?- > !")*q23456231"/(/*9:-[?) > 45#&7X9:-> #$23-.;<=,1"CD)*q
Y(@"]$45)*!"1V+,)*e \/*)*!V1"!")*qRW-.q(1V/*)*!"-Y*#45)*0$-.;?1V0$@";?-7/*1"bc43)/*-| 9

#&0$78-.; > 0&)*6RW1"45-E/*Z"!")(-[?-E;?-.^78#$45/;?1 > Y*;?# > 0&;?1V/*-./*)(60&-E#&;?)*)7
Y*#&436";?)*^_@"-.RW# > 0&)%&43-.!"0&;<)*[?- > !"#&e!"#$%&'('()*+,)(-./*0$@> #$#&0&7X-.0 > 0&7X@V-.00&#$[?/*# > 0&)7FGHIJ K$JLM$MNP \

7/*/*9:e-#&Y*;<-.23-E4\a 1";?1VRW-.0&;%&43-.!"0&;<# > 0$1"0&)*!V) J^`1V231"[?1VR%&!V78)*781V45-./*0$/*9:R
RW1"0&-ERW1"0&)([?- > !"))RW-.q(1V/*)*!"-70&;<-.CD)*/0&-E#&;?)*)^`1V231"[?1VRW)RW-.=,2<@> 7X6"^`Z

> #$q(;?1"/*)(0&Z=,-.431"/*)*-]&9:45#FGHIJ K$JLMNO$P#&Y*;<-.23-E45-./*)(6Y*;?)(/*6"0&)*6Y*;?)([?)*/*#&ef > /*#$78/*#$e
-.2?)*/*)*+,-.e J)R-/(@"4RW-.=,2<@^`1V!"45AB[?-E/*1]$@V23-.078-E45)*[?)*/(1> 4?@"[?1"-%&0$#&R

iY*45#$CD1"23Z J=,-0$@)*RW-.ABCD-Ee0&;<-.CD)*/*9 \!";<@VUI#&7X#&e%&/*-E;?UI)()!0&;<-.CD)*/*9231"/(/*#&e
%&/*-E;?UI)()#&0$/*#&bc-./()*-!"1V!#&Y*;<-.23-E45)*0&Z45#$UI)*[?/*9:R]&#$45-.-Y*#&!V1"^`1V0&Z > 6| #&=,-.0

FGHIJ K$JLM$MNPrJ) > Y*#&45Z"^_@"60&;<-.CD)*/*9 \%&/*-E;?UI)(A)0&;<-.CD)*/*9Y*#&7X-.;?qj/*# > 0$-.eY*-E;?-.RW-.CD-E/*)*-

267

¨

¨

(4.8.13),
3

8
=

(1981).

HarringtonandOkon(1977),BladelVanandMeulenaereDe

(1952)Cohn

1944).(Bethe

¨

¨

A

Abba

Abk

n

kaa

kan

an

SL

L

A

τ

φ

π
√τ

τ

τ

τ

}&~��X�m�~����,�_�� �X�_�,�I�V����$~����.�E��v� �

�
���X���

��

���X��
�

�W�V�5�m�V�V��&��W 5�m¡D¢X 



 !"# !$%&'()*+(),-./
0 ,1$23)4567.!().!89: ()&'&;8<=>?*+?;@-45,1&;&'8<=>?@/ABCD E#D FGH

9: ()&'&; !,@1.# !I+ #&;,1J,1K! L ,-I L ,1& : ?;M73)4NO)I+&; P ,1@-.!?'37KC !4567&;?;M)(45?;&;?'?Q ,1&'.!I+()4N6)&; !R
9S:  !456L ,-I+,1=>,1TU,-&;?;O&; !IV=>()456)&;8<,@1IV( 9 &;?'.!6.!(7M)WX,=> !WX,-=Y 8

L I+ #=>,1WZ3).#M),=,9 @9  $%&'()*+?;.#,1456)&' =>,1&;O7,1.!@-O&;,9 ,-45?;*+?;&'(*+.# 
$%(7=>,1.!?;.#6)J[ 45, : 3),1.B#\]D,1@-.!6/ABCD E#D^_%`SHa  !IV=b3)458 P ?;"#M)(M)(7M9 IV,1=>O)J.! 9cCD dG\ J

.! #456)M) I+()@-e' !W : ,1&;?;,?;=>,1,-.I+,-$f3)4N6).!().&;( P*+.# .!(7McCD gCFhiCd J,1@-.!6
I+,-$f3)4N6).!().P ,1@-.!?'37KC !4567&;?;M)()JL I+( 9 ?;4567&; !KC @14+3)*+(),ja  !IV=b3)458 D&;( P ,-R

L  !4N6)$f39.!(7M)WX,*+.# cCD g#g!d#E J,1@-.!6M 9 ( : I+(7.!(: 45OI+,-$f3)4N6).!().
k ?;@-45,1&;&;8<R`!D i#\]D P ?;"#4N3?;=>,1,-.l I+? : "!,1IVKC(?l ?;e'=>(7&;()@1(/ABCD E#D^_%`SHa  !IV=b3)45(

M)(7M9 IV,1=>O)J.! 9F#D `S\ J P ?;"#M73?;=>,1,-./ABCD E#D^_mdGHa  !IV=b3)45(&;( P (.! #K : (.! #*+&;8<R;J
M)(7MM 9 ( : I+(7.!(: 45OI+,-$f3)4N6).!().#8n!M7@ L ,1IV?;=>,1&;.#()456)&;8<,L I+?'&;O).!6

o @14N?.!IV,-3)KC #456)&;?'M)( DI+( 9 &; !@-.! !IV !&;&;,1K! : 45O: ()&'&;8<e&;?;M7()M)?;e !"#&;()IV37WX?;45?&;,
Y 8.! #*+&;()O D"! #45,1,a  !IV=b3)45(M) #.! !I+(7O3)@-.!()&; 9 ?;.!67J9 (7WX&; *+.# .!(7M$%&'()*+?;.#,1456)&' !J

:  9  !4567&; =>()458<e: 45OI+()@-e' !W : ,1&;?;,?;eM)IV37KC()J: 45OI+,-$f3)4N6).!()..! #*+&;8<R@1(7=>8<R
WX,.! #.: ()pq.@14+3)*+(),L I+, : ,14N6)&; !=9a  !IV=b3)458 !"#,M)(7M9 IV,1=>O)J.! j

9 8<*V?;@145,-&;?;R@1 # !. 9 ,1.!@-. 9 37pqTU?;e
I+,-$f3)4N6).!().#8L I+, : @1.#( 9 45,-&;8r ?;WX,/ABCD E#D^_%`SHsD?/ABCD E#D^_mdGHa  !IV=b3)45()=>?
: ( 9 (),1=>8<,I+,-$f3)4N6).!().#8*+?;@-45 9 8<,@1IV( 9 &;?'.!6?;&;.#,1I+,-@1&;8<=t I+, : @1.!( 9 45O7,1.!@-O

L  !4N?;KC !&'(VuL I+( 9 ?;4567&; !KC : 45O.,: (/ABCD E#D^_mFGHl  !IV=b3)45(

3 L IV !TU(),1.#@1OVu/ABCD E#D^_fB#Ha  !IV=b3)45(L  !4N?;KC !&'()JL I+( 9 ?;4567&; !KC @14+3)*+(),j

)/2

(1981).HarringtonandOkon

.<3¨

Harrington

andOkon

HarringtonandOkon

0.2274=Cohn

(4.8.16).
)/cot(

3

4
=

¨

(4.8.15).
)/sin(3

)/cot(4
=

(4.8.14).
1

4
+

1

43

8
=

268

ApHww

n

n

n

n

n

nn

n

bA

a

bA

a

A

√π∗

∞≤τ

τ

∞→

π
πτ

π

π√
τ

−−
√

τ

vwx yz{m{m{vwx |z|m|%}vwx ~%vmvmvvwx {z{m{m{vwx �s|m|%}vwx

vwx v�wx |{mx {� x ~|zx ~�Avwx v�A}wx {�^�'��G�-�2�!�z�V�S���7�C�
vwx �-{%� �vwx �-{m{G�vwx �-{G�A�vwx �z�wyfvvwx �z�m�m}vwx �!�A�m�vwx ��y%|%�� � x ymx ��|%�� �z�G���1�S�
vwx �-{%� �vwx �-{%�%�vwx �-{%�S�vwx �-{mymyvwx �-{myfvvwx �-{m~f}vwx �z�w~G�� � x ymx �s~f�� �z�G���1�S�

y}|~�{

�5�5�5����� ¡�5¢£¤��<��¥¦�¥§��5�£¨Z©ª«£�5�¬�£�®V¨X¤�¯¦¤

1/2

3/2

-11/2

k+1

2

k

2

k

2

1/2

k

2

k

2

k

2



























ρ

τ
τ

∞

a

n

=/

=

=

=

k=1

n

Σ



 !"#$%&'()*+ % "#,*+-./ )0' "#1(2020-.1
3 1(4567"!,78&978:-.;< 3=) *+1> !1(20-? )0@ 1%&A:% 4B2C97/=971(83 972C,7DE1>;)FGH 9 H

<09 3 97IJ1>8 3=% I< 3 $KI % 67L % "#,72 ) H 9 !"#$M IJ1> !8:9 !13 1(4567"!,78&978:97I )/ )0' " % *N-.I )
'FGOPQ R:Q SNT ;U %&3 IV67" %&W !97*N971>IJ-.1<01 3 1>IJ1>XY1(2 ) $A 1(4 3 9K4BIJ1 3 20-.1'>3 97*+2 ) 8&,

8&9 H @ 1I %&@ 1(IZ -< 3 9K* ) "#,K20- W Q3 1(4567"!,78&978H % 8 %&3 - W4B2C971>8:;2012 ) H 8 %/=8 %
< %&[\%&@ 1>;* 3 1>IJ$209 ' 8 % $KXY1>1]^V_:` Q% D )0A H 6) IJ1>1(8a 3=)  A 1 3 LP9)a )0[ IJ9K209 ' 9

3 1(4567"!,78&978H 9 H* 3 1>IJ$7;8 %*R `% D )0A H 6) IJ1>1(83 1(4567"!,78&9782097D8&1(<01 3 ,
bPQcd:deO:f:g3 97*N2 % !"#$4B2C97/=1>2 ) 11>L %? 97< 3=) Ih1 3 ;3 9745" ) /i20-.I QA -.8:,I %&@ 1(8

4B9 H "#jk/=1(2 ) 18 % LP !9M IJ1> !8:97; !1% 8%&A:3 974 % I/=9 ' 8&20-.I< % "=67/=1(2020-.13 1(4567"!,78&978:-
/ )0' "#1>202C-.18 % /=20-.I )< 3 1( !< % " %&@l) IIJ-m 8 % L %*+IJ1 ' 8 %n ' " ) !"#$8 % /=209

A&% "#1>1a 3=)  A 1 3 LP9)a )0[ IJ9K209 ' 9U %&3 IV67"#9H 9 H* 3 1>IJ$7;8 %* !"#$8 % /=209
A&% "#1>1U %&3 IV67"#92097DE98 % LP !98 % /=20-.;3 1(4567"!,78&978:-/=8 %< % " %&@l) IJ;IJ-n ' " )

3 1(4567"!,78&978:97I )m H ' <01 3i) IJ1>208:97"#,720-.I )''>3 97*+201(2 )0)*FGOPQ R:QcdoRNT
)FGOPQ R:Qcd _ TU %&3 IV67"#97I< %*+-./ )0' "#1(2 )0W3 1(4567"!,78&978:-2 )0@ 1< 3 1( ' 8:97*+"#$K1>IZ -

8Kp1 !9' "=67/=971m 8 % I*FGOPQ R:QcdoSNTa %&3 IV67"#9

H' * %  ) 8 ' $' "=67/=971m 8 % I*FGOPQ R:QcdoqNTa %&3 IV67"#9
<09 3 97IJ1>8 3I1] *+1( '>%:% 8&*N1>8 ' 8&*+1(202 % Q)%&' 1 W*+ % "#,< % "=6 %&'()11^

)8 3 1>X ) 2C67;< 3 $KI % 67L % "#,72C6Kjr 9 '(' I % 8 3=) I
L 3 972 )0s 1 QHA " ) 4 H %

% /i1>20,8 % /=1 HH 3=% IJ1[C%&3i% D % ;'>% LP"#9 ' 67jk8 ' $3 1(4567"!,78&978:-%&@l)  !97" ) ;)IJ-t 9 H

269

0.025.=

)./2

0.5=

0.1=

0.5.<

0.5,

Cohn

Cohn.

(4.8.18).
)+(13

4
=

¨

(4.8.17).
+13

=

1./=

¨¨

y/bOx

ApHww

w

ab

OyOxb

a

√π∗
ε

∗

ετ

ε
≥ε

επ
ε√τ

)ε(
ε√τ

≤ε

u&vwxNyz{vw|w}l~e�� xN~e}l�P�K����:vw���>�(���� �

� � � �o�5�� � �&� �o�� � � � ���� � ���w�B�� � �+�o���� � �+���+��� yz~e� ��+~
� � � � � �� � �B��� �� � �o��� �� � �w��� �� � �w��� �� � � ��� �

�w� ��w� ���� �� � �� ��� �� ��� �� ��� ��c�C�xN�(�e &vw¡i�+~��K�P~
� � �&�G�o�� � �&� �o�� � � �o� �� � � � �o�� � �¢�o�5�� � ���o�w�� � ���o� �� ��� �o� ��� �u&vwxNy£¤>�+� � �o� �� ��� �� � � ���� ��w� ��w� ��G��� ��c�C�xN�(�e &vw¡i�+~��K�P~
� � �(�o� �� � �(� � �� � �&� � �� � � � �w�� � ���w�B�� � ��� �o�� � � � �w�� ��� �o� � �o�u&vwxNy£¤>�+�
� � �w� � �� � �w���N�� � � � �w�� � � � �B�� � �¢�B�w�� � ���:�o�� � ��� � �¥ �(�e¦P~exN�Pyz~e� �
��� �w�o�o�� � � � �o�� � � �o�o�� � � �o�o�� � � �o�o�� � �¢� �o�� � � �o�o�

�w� �� ��� �� ��� �� ��� �� ��� �� ��� ��c�C�xN�(�e &vw¡i�+~��K�P~
� � ��� � �� � ���o�� � � � �B�� � �w�B�o�� � �w�5�� � �w� �� ��� �o� � �u&vwxNy£¤>�+�
� � �&� �� � ���w�� � � � �� � �w�N�� � �B�w�� � �w�N�

1/22

§J¨#©#ªY«P¬!7«K®#¯i°z±z²\³´iµ§J¨#±zªY¶N¨

τ

τ
τ

ε

∗
∗

w

x/a

w

walet

=

=

=

=

=

=

=

=Okon



 !"#$%&'  !()*!+,-./*!&0*1.23456789:;&!<=$%45(.>? -.@A :1 A $3 !B345(.(.>C4D &!(.(.>C45@

EFGHI J;I K;L;M-EFGHI J;INOPQ=M' A 2RST !$%&!SU-8892R&!<=(.45(.-.-<(.-.V,41.23456789:;&!<=$%45(.>67&!()(.>C4W :#-
? - I-X SU4967:;&674A :A#Y 23&!Z A SB3&!85:#(.>CS2345Z[ !$7\!:#&!: A <* A S]1)$%49*!:;&K1 A $3 !B3-.$%-
^ >J;I Q=_CM`IE 23&!89a A V,6745(.-.4LHINObJcQ#J:467&EFGHI J;I K;L;M' A 2RST !$%&*!&0*<=2R49SU/: A<

d I e;_CM @E 23&!89a A V,6745(.-.4LHI K;K=K;K23&!<c49(2345Z[ !$7\!:#&!:f &!g23&!<c(.>CS <B3-.85$%49(.( A(.&!h)6749(Y >C$A 8549hA :;( A gi49()-.49S82 A S Y & 67$%/1 A $7/!23-.Zj !49S A 89:#-k $749*!:#2R-.B34985* A hl A#k ')' -.+,-.45(.:2 A S Y & I' A 2RSU4<:#2R49mn-.(.4*
A :;( A 89/0mn-.a)89/2345Z[ !$7\!:#&!: A <(.-.*0&!*!-.aSU49a)&0(.-.*!41 A$%-.:;4923&0:; !234<(.&!gi$7-(.4^ >

4985:#\o 23-.6 Y 492R"H&-o -.a)SU&0(.&!89&2345Z[ !$7\!:#&!:X A#A :#<=45:#89:;<c !pqmn-.h

*89< A 67-.:;89/89$3 !B3&!hk : A S<EFGHI J;INO[G;Mo A 2RST !$%& 1.&!2R&!SU49:;2S4r <=4568 A;A :#<c49:#85:#<=45(.( A I-A 8549h<=6 A $%\1 A $3 A 85-49" As
-2 A S Y @4985:#\A#Y $%&!89:;\"H63489$3 !B3&!h.@t &!8589S A :;23-.SI

89$3 !B3&!p I67<u !SU4923( A ST *Y $7-.ZP*!&A BR49(.\
A 85-(.&!1)23&!<=$749(.-.-<:#2R49mn-.(.>' A 2RSU&B3: A' &!*0: A SU@:#45S( A4A#Y;v /!89(Y >C:;\S A V,45:
B3: A"H2R&!(.-.+,45@*Y $7-.ZP* A67&!Vw48 A "H$%&!8 A <=&0(.-.4a A 2 A gi4946 A < A $%\0( AZP&0SU49B3&049S^ >

67$%/A 85-<=6 A $%\1 A 6389B3-.:;&!(.>Y >C$%-67&!()(.>C4f -.V,4985$%496R !pqmn-.4
A#Y $%&!89:;-*!2 A SU4 !6 A <=$%45:#< A 23-.:#45$%\!( A @2345Z[ !$7\!:#&!: A <X A "#$%&!8 A <=&!(.-)4

tan=

¨

0.2082.=Harrington

andOkon0.5=

(4.8.20).
)+(13

22
=

(4.8.19).
)+3(1

2
=

1./=

¨

¨

0.025.=

0.625.>

270

ab

OyOxb

aS

Oy

x/aOy

x/a

εα

τ
ε

επ
ε√τ

ε
ε√τ

≤ε

xyz {xyz x|}z ~~}z �{F�yz �{`�bz {�N�)��c�5�j�#�}�R�=���0�H� � z �#{F�� z �#{ �� z {`~ �� z {`|Px� z {��[�� z � ~Px� xyz �bz � � �� �}�c���9�=� � |}z |� |}z �� ~}z �� {F�yz �� {�|}z x� �;{`z ~�N�)��c�5�j�#�}�R�=���0�H� � z �5�P|� z �5�[x� z �}�b�� z � � x� z {��}|� z {��P|� xyz �bz {�~ �� �}�c���9�=� � z �}�;{� z �#{�~� z � � x� z {��[�� z {��c{� z {}{b{� �w�j�=��=� {`z �}�b�� z � �b�� z � �b�� z �}�b�� z � �b�� z { �b�

� {`z �{`z x� z �� z x� z �� z {�N�)��c�5�j�#�}�R�=���0�H� � z � ~}�[�� z {`|b|b|� z �}x � �� z �5�[�bx� z � � |P�� z �={`�b�� xyz �bz � �� �}�c���9�=� � z � ~P�}|� z {`|b~ �� z �}xb�bx� z �5�b�P|� z � � |P�� z �={�|={� �w�j�=��=� � z x}�y� �� z x}�y� �� z �P�y� �� z �}�y� �� z {��y� �� z � �y� �

{F�yz �{`�bz �~}z �xyz �{`z �� z {�N�)��c�5�j�#�}�R�=���0�H� � z � � � �� z {��y�[�� z �}x}|b~� z �5�P|P�� z � � �c{� z �={`�b��� xyz �bz z � �� �}�c���9�=�

�%�% %¡¢£i¤¥¦ %§¨©�¤C£iª« ª¬��%£¨w®¯°¨ %¤±£¨²x³R,©�´«©

-1

1/22

µq¶0·n¸¹«º»U¼%½w·n¾c¼

τ

τ
τ

ε

w

w

y/b

w

=

=

=

=

=*

=*

=

=



 

!" #$%&'#() *+# #,-./012234567018129 :701+*23().; 29+ ; 81 *2301<%=5+ ;810>?@,-01+*23.?@(A./+# #:7BC ().5!"+#01+* #0

?@$)0D ;9; ()$E #+*./2 ;3F; '#(A01$E0><%4/0129814
234567018129 :701+*23().G ; < ; 6701+# *0230 ; () # HI+#./JK0 F2 ;9L + ; 8>23= D/.5D' ; (A4/$ED/.5M

6702 ; ? ;; JK #N9D ;3F8234567018129 #M:701+*23()0!()./8>' ; < ; 6701+N3BO29=, ; 670>223(A01PQ #+#B
:701+*23(L 2 ;' ; D5./RSBO!T./UV23M23B0()./8 LL  #8><%01+#+*BO0G ()4/,-BO0810>?@,-01+*23.AI'#./(A./,-0129()./,- 

4/!T<%4/UV238>4WX/? ; < ()./$) *X/8G X/8>23=I
X/?3<%./,- YI

; 8>23()BO,- 8; N9<%./81290 F$E<%481'*()./!"0>$E<% #! ;+#0Z[\ I ]9I ^T_!D ; ()+#4D/!T./$E().523+ ; ? ;' ; (A4/$ED/.
; 8 ; N30>+#+ ; 8>23 ; N'#()0>$E' ; < ; 6701+* #0L 2 ;230>,-M; N9`H4/81+*4/0129814a 2 ;; 8> YI?@<%.5!"+ ;9F

!"$ ; <%=$E0><%./012981481(A./!"+#0>+# #0018><% bcX/6d01M8129./+ ; !T #238>4()0>ReX/<E=/23./2 ; !f ; ?3<%./81 *0

_gIhiW; N ; RS+*. L ./0>2Z812 ; ( ; +#001? ;'#./(A./<%<%0><%=/+ ;9F
<% #+# * #M:701+*23()./<E=/+ ;3F!"$ ; <%=' ; $)8 L  #29./+#+#BO0$E./+*+#BO01M'#()0>$E8129./!"<%0>+#Bj  #670

!()0>ReX/<E=/23./29./,- ./+#.5< ; ?@ L +#BO,- 8Z[\ I ]9I ^T_[Mk ; (A,lX/< ;3F
+#./JK0 F$E./!T./01,-BO0'#0>()01,-01PQ0>+# #4/M+ ; (A,-./<%=/+#BO081(A./!"+# *23=23.5D/670, ; 670>,m B

$E./+*+#BO,QIL  #8>< ; !TBO,DN3<E #RSD ;;3L 01+#=./() k ,-0123 L 018>D ; 081(A01$E+#0>0 #b
 ?@(A./+# #:dX/M+# #67+*UVU20$E.Z[\ I ]9I W9n _k ; (A,lX/<%. '#()0>$E01<EM!"0>()b*+# F20$E.' ; b ; 6701M

Z[\ I ]9IioSp"_[Mk ; (A,lX/<%.L 2 ;; 29,-0123 #29=/M23.5D/670f <%0>$)X/012k ; (A,lX/<%BqI+#./JK0 F2 ;9L + ; 8>23=
N ; <%=/JrX/U' ; D5./RSBO!T./012$E./+*+#BOb8 ; ! ; D@X/'#+ ; 8>23=!"2 ; ()./4D/.5D!"(A01,-4/M2 ;!2 ;9L +#./M

N ; <%010s () #$)N301(A?@. s  #b*,-.5+#./81.k ; (A,lX/<%.L 2 ;' ; <E./?@./0>23M$E./+*+#BOb8 ; ! ; D@X/'#+ ; 8>23=
G 01(A!"./48>X5PQ018129!TX/0>25I+#0' ; '*( ; 8>29X$E./+*+#BOb67+#BOb0+#./$' ;@t +*./812 ; 4/PQ01,lX

L 2 ;k ./D523M2 ; 2' ; $ L 01()D5+*X/23=L 2 ; N3B$E./+*+#BOb*M8 ; ! ; D@X/'#+ ; 8>23 ; N90'#()0>$E8129./!" #<E m B

271

(4.8.21),+for,
)cos(

cos
=)(

,<2+or0for],sin1+cos[=)(

.

2sin
2

1
3

sin2
=

,=

¨

(1981).HarringtonandOkon

¨¨

¨

k
ra

kkra

k

krx

r

AHpww

γπ≤φ≤γ−πφ−π
α−φ

πφ≤γπγ−π≤φ≤)φ−(φ−φ

)α−α(

α

α

√π∗

u3vwxTydzvw{w|7}~�� xT}~|7�@�5��H�9vw���1�>���� �

� � �� � � �� � ��i�*�xT�>�~�3vw�A�"}��5�@}
� � �w���e�� � �"� ���� � �w������ ��� ��� �e�u3vwxTyY�1�"�
� � �>�e�� � �S� �� � �w� �
� � �w���S�� � �w������ ��

�w� ��w� ���� ��[� � ���� � ��g� � �� ��� ��i�*�xT�>�~�3vw�A�"}��5�@}
� � � � �� � � ���� � � �S�� � � �S�� � � � �� � � � �� � � ���� ��� ��� � ���u3vwxTyY�1�"� � � � �� � � �� ��� �� �w� �� ��� �� �[� � �� � ��� ��i�*�xT�>�~�3vw�A�"}��5�@}
� � � � �� � � � �� � �w���� � �w� �� � � � �� � � �S�� � � �w�� ��� ��� � � �u3vwxTyY�1�"�
� � �w���� � �w�w�� � � � �� � � � �� � � � �� � � ���� � � ��� d�
������ � ��e� ������� � �� ����[� ��i¡ xT�1�9� �

1/222

3

c

¢"£¤¥/¦Q£T§d¨©-ªE« ¥5¬5)¬5®¯A°±-ª%² ¦Q£ ª

∗
∗

ρ

τ

τ
τ

α

w

wal.et

a

=

=Okon

=

=

=

=

=



 !"#$%&"#'()*)+,
-./ "#$012) /3425"- "#67'(89:#8;< 5<*= 4>? 8;<+:#=- = / ' 5;? 8@ $A)+<*B

/ )+C 5;? B;,28;, 5 &< ? )*$ 5;DEF )+' 5GH / "7 !=2$A"7,H#8 / 8 4>/ 89I7)*JH / )+$AKL$ 5;F )+' =2H#"7<*8;:#:7=2MH / =NOP)*$ 59/ KLJQ =2 R,2= / )+:#"#)STU>V WNV X!YZV"#:#,N) 4>/ 8 ? 8$ ?%['("#:#"#' 5 '\85 < ? =2 R"#M "#C=2H / )*$A) ? )*:#=12KL,NB$A= ?%] :#=C^:78;_0)*:7"#)" ? ""#:#,N) /  R8 ? )
`/ 8; R:#=C^:78;_0)*:7"#)< ?05 _08;)a ,N=2'`$ ?%[ , [9] )*<*,N"OP)*:7, / ) / 8;<+H#= ? = ] )*:12KL,NB'(= ] )+,, / ) F "#:#KOP)*:7, /_0,N=H#=2G98;C^KL R8 D ,2J ,2K)/ 8;<+_b "#< ? =2 !KL)G /3594 8 VOP)*:7, / 8=2,/ 8;<+<*,N= [ :#"#":#8<*"7'\'()+, / "#" =2<+":#8/ 8;<+H#= ? = ] )*:#:7KL'H / )+$AH#= ? 8 4 8;)+,2< [, / ) F "#:#Kc )*:#, /5;4 = ? VH#= ?A[;/ :#KLM "/ 8;$0" 5 <) 4 ==21N=2C^:78;_08 D ,d"Qe5 <+,2BV

Vf>V UNd / 8;<+<*,N= D :#"#":#8/ 8;<+H#= ? = ] )*:H#= ?05 G /3594 8, [9] )*<*,N"c )*:#, /1 ? "#C^G;= V=2_3)*:#B_0,N= Jf>V U>WG;89GG;=N= / $A"#:78;, 5) 4 =,)$A8STU>V WNV X!Y J"#:#,N) 4>/ 8 ? 8'("#:#"#'("#Cg8;OP"#", / )*1 59DEF )+) , / ) F "#:#KLJOP)*:7, / 8=2H / )*$A) ? )*:#"7)h 8;ij)G /3594 8 VOP)*:7, / 8=2,f>V UNk/ 8;<+<*,N= [ :#"#":#8
/ 8;<+H#= ? = ] )*:'(8;G;<+"#' 5 'lm4 = H / )+$A<*,N8; ? )+:#:#=2' H#= ?05 G /3594 8;J$ ?%[H#= ?A[;/ "#C 5 )*'(=N<*,2"a ? )*G;, / "#_0)*<+G;=2MH ? =N,2:#=2<+,2"/ 8;<+H / )+$A) ? )+:#" [

4>/ 8;I7"#G;8/ 8;<+<*'(=2, / )*:7"#)*'H#= ?05 _0)+:#=12KL,NB'(= ] )+,'()*,N=2$A8:#=2 R= 4 =H / 89 !" ? B9:#=2<*,N" H#=2$0,2 !) /0] $A)+:#"#)n =2H#= ? :#"#,2) ? B;:#=N)U>V oRpLYZVS / 8;<*6q= ] $A)+:#"#)/ 8; R)*:STU>V WNV d>oRY r )*C 5;? B9,28;,H / )+$AKL$ 5;F )+' 5 V"#$A)+:#,2"#_3:#=H / 89G;,2"#_3)*<*G9"_0,N=/ 8; R)*:
STU>V WNV dNdNY<*= 4>? 8;<+:#=/ )+C 5;? B;,28;,h 8;iG;89Gs 8 /0/ "#: 4 ,2=N:#=2'"t G;=N:#=2' H#=2$0<*_0"#,N8;:12K ?H#= ?05 G /3594 8$ ?%[H#= ?A[;/ "#C 5 )*'(=N<*,2"a ? )*G;, / "#_0)*<+G;=2Mu = a I7I7"#OP"#)+:#,

,9&)$A8-./ "#$012) /3425"- "#67'(89:#8;< 5<*= 4>? 8;<+:#=- = / ' 5;? 8
/ =N$A8 V !,N= / = 4 ="#:#,N) 4>/ 8 ?a ?A? "#H#,2"#_3)*<*G9"#M:#)+H#= ? :#KLM=21N=2C^:78;_08;)+,4 $0)

G,) !)+$STU>V WNVvwgdNY"STU>V WNV X!Y STU>V WNV dqwgYQ =2$A<+,28;:7=2 !G;84 $0)

(4.8.25).
)+(13

4
=

.)/(cossintan=

(4.8.24).
sin

)cos(+cos
+

1

),E(+sin

3

4
=

,0.6><0.1

)./(32sin=.0.6<<0.1

¨

¨

(1981).HarringtonandOkon

0.2069=

0.2163=

0.2161.=

(4.8.23).
)sin+(3

sin2
2

1
4

=

¨

),E(

(4.8.22).
cos

sin
+

1

),E(+sin

sin2
2

1
3

4
=

¨.)cos/(sintan=

272

k

kk

kk

k

kk

kr

r

r

r

r

kk

kk

k

απ
α√τ

)−αα(γ

γ
γ−αα

−
γγ

α√
τ

παπα
ααπαπ

α

≈

τ
τ

τ

ααπ

)α−α(
τ

⋅⋅

α−
γ

−
γ−πγ

)α−α(
τ

)α−α(γ

x%y%z%{|}j~��z%�m��~L}j��z���y%}m�����mz%~�}m���3�P�����

-1

1

2

1/2

1

2
1/2

-1













�!���%�9�9�� �A�%�9�9�0�9����� �% �¡¢�R�

−

−



 !"#$%&'&()*+,-./012&* & *+345678 34*+9#:;< 8#6 <5=34*>*+, &: 6 &? 8 98 3@A: &'B 0+A49CD6 B 0+EFA49#.
5=34*>*+,-./0. & ()5GHI 34JK*+9#L B 3 6 0 &A43@A8 3@AI 3 6'M 9#()5 & *+0 &:N,-?G0 6 B < B 0* &O ,

P . & 5 8 3G25 &9 89 " I 34JK9#.?Q3 6'8 *+,-.R+9 B H4? & *+*+,-./0I & JKH B=S 8 3 8 34./0+D
68 3@A4( &3I & JKH B=S 8 3 8 34./0?Q0 6 BT& *+*>,-./0
0I & JKH B=S 8 3 8 34./0U A 6 R & I 0+. & * 8 3 BTS *+,-./060 M67I 34:N*+0>:N3 & .0VWX 2 YC2 ZC[C\WD0

VWX 2 YC2 Z#]N\^ 9 I ._H B0+JR+9 B H4? & *+*+, &I & JKH B=S 8 3 8 ,-DR I & 5 678 34: B < & ../,*+0+( & D8 3 "#B 0+` &a

& 6'8 SGbc I 0+5 "#& I L#H0c 0 M ./3@*+3 6 H6 9CL B 3 6 *+9c 9 I ._H B 3

b5 B <R+9 B H4? & *+9" , 8 S./9#( & 8:N, I 34( & *+0 &P BT& 5QH4d $%&7&

A43@A
:N, I 34( & *+3" , 8 S./9#( & 8A I & 678 3e B 9 $ 3@5 SR+3 I 34. & 8CI.&a : & 52Z0

Z678 9 I 9C*+34./06 9R I <@./9CH4Lf9 BTS *+0+A@9#:I 34:;*+, M5=:gH MR & I & 6 & ? & *+0 & .9 IG8 9#Lf9C*+3 BTS *+,-.
R+9 B H4? & *+*+9#h8#I &7$ 0+*+,^ 9 I ._Hi 3 6'6 ./9 8CI 0+.

L I 34*+0+`jHG2*+0+()*>dkd8&5=3
c I 0+5 "#& I L#H0c 0 M ./3@*+3 6 H6 9CL B 3 6 *+9^ 9 I ._H B 3A43@A: I & ./<4D8 9:D5 B <L I 34*+0+`jH
: & IQM *+dkd9 "C& 6 R & ?Q0+:;3 & 86 & Lf. & * 8 306 & A 8 9 I 3A I H@Lf9#:;9#Lf96 B H4?Q3 &?Q3 6'8 *+9C.:
8 & 9 I 0+<*+34EF3? 8 98#6 <4D&6 9CJl5=3:NR & ?Q3 8 BT& *+0 & !"#$%& hR+9 B H4A I H@Lf3G25 B <? & ." 9 BTS E & D

A4:;345 I 3@* 8 35 B <Jl*>34? & *>0 &? 8 9Jl3@. & 8 0 8 S DP BT& 5QH & 8[Cm-\n2V I 3 67M 9#()5 & *+0 &
8&5=3VWX 2 YC2 Zfo;\^ 9 I ._H B 30p 2 [Cm-\WDV I 3 67M 9#()5 & *+0 &8&5=3

VWX 2 YC2 Z X \^ 9 I ._H B 3A4:;345 I 3@* 8 36 B H4?Q3 &:R+9 B H4?Q0 B 0q 3 IQI 0+*+L 8 9C*0 A49C*
R I 3@:N0 BTS *+3G2" 9 BT&7&^ 9 I ._H B 3A43@A434<6 A@34Jl3 8 S D./9#( & .* &./,? 8 98 3@AI 3 6'6 ./9 8CI & *>D

" , B* &*+0+A & .6 B H4?Q34hr 34A@9#hI 345Q0>H 6 3:N5Q9 BTS6 9 & 5=0+* & *+,A49 8 9 I 9Ch
678 9 I 9C*+,8#I &7$ 0+*>H4DA I H@Lf9#:gH4d0+. &7& ../,bAR I 0 "#B 0+()3 & 8#6 <A49CLf5=38#I &7$ 0+*+,-D
A I H@L B 9Ch0+. &7& .* &./,? 8 98 & ./D9 "Cs < 6 *>< & 8C6 <t 8 9A49CLf5=3A I H@Lf34D

5 B <Jl*>34? & *>0+d8 9C?Q*+9#._HA6 :;9#5=< 8#6 <* &VWX 2 YC2 Zfo;\*+0VWX 2 YC2 Z X \*+0? 8 9u 3@. & 8 0+./D

273

¨

(1977),BladelVanandMeulenaereDe

Cohn

(4.8.27).
3

)(22
=

(4.8.26)
1})]+{[2(126

2
=

)(24=

1./=¨

¨

¨

0.2107=¨0.2308=¨

0.2269,=

.=

.=

aA

abb

a

π
ε−ε√τ

−εε−√
ε√τ

τ

ε−ε

≤ε

τ

τ
ττ

τ

πφ
πα

πα

v#wxy;zj{wx|x})~��� y;~�})�f�@����Cwx���7�'���� �

� � �#�W���� � � ���x�� � � � ���� � �n� � �� � ���;�n�� � ��� ���� � ��� ���� ��� ��� � ���v#wxy;z1�7�N�
� � � � � �� � � �K� �� � � �K� �� � �x���K�� � � ��� �� � � ������ � �����K�� ��� ��� �x� �v#wxy;z1�7�N�
� � �x�C�W�� � �#� �x�� � � � �K�� � � � � ��� � �x�n� �� � � � � �� zj~�  � N~
� � � � �� � � �� � �x�� � � ����
� � �x� � ����� � �n� �x�� � � ������ � ��� ���¡ �'��¢f~�y;�fz£�
�n� �x������ � � ������ � � ������ � � ������ � �l������ � � ������ � � �����

1/22

2

¤/¥T¦;§;¨4©ªG«¬/¥Tj®%¦;¥

τ
τ

τ
τ

τ
ε

=

=

=

=MeulenaereDe

=

=



 !"#$%&'"!(!")*+, #"!-./"!01&'"!23/4&'5'5&'/-."#0, !5'(!&678 !"9!:  #;)*"!<=+1 >  !" !"#$%&'"!01 !;?@
 !/4A478B" 9 +,0,C6+,$%5' #;)*"!(#78 &'+)*+, #"!- :$%5'01DE+,&'& : +5'DE5F A40,C'+,G?5')*+,&' #/8DE;8& : +

0174HI+,0, #2J78BKHI5'+)*"!)*+1&' &'/801 !"!L4HI5'M2&'""! #23+,G?(N&678 : )*O0,$?5' !/8 #;80,L)*"!<=+1 
78 #23+,G?<=-.+,&'56+&'/8PQ+ !"#(N-./ !"#$%& : )*OL82JDEL8+, #0,LR @STUV!W3XY &6/8$%+,&65'+F A40,C'+,G?5')*+,&' #/8DE;8&'"#+

$% #"782J+,G%+1& : O9!:  #;)*"!(!DE5) :9!:Z 0,D.5R @STUV!W#W#@5R @STUV3[!X)*+,<=-?7
9!:  #;-."#DE<=&'"Y &6/8$%+,&65'+ !"#$%&'"!+-.DEL$% #"235'-%+, !;4O)*"!<=+1)) :0,+1A8\=5'5'O

C'G%+1- : -%78HI+1M2 !/ 9 DE5'\ :] YR @ST^W3_JV!`#@G%/82J&'"Y &6/8$%+,&65'+a "!"# !23+1 !0, #2J78BKHI+1+
0,2J"!M'01 !23"#)"!$?+,235'-%& : )05 +-./$% #"

C'/8G?/8)*+, #G%/Y &6/8$%+,&65'+C'"!D%78$%5')) :
b [N@ W#@ST^WJcdO5b [N@ W#@STUV#ce G%5'G?/823&'5'2J/8LG%+ Y 78D.;8 !/8 N@0,/4) : M<=+ !"# -./8BK 5
b [N@ W#@ST^WJc5b [N@ W#@STUV#cf "!G?)g78D :" 9 +A8"# !"!G%"#(N"-.DELY &6/8$%+,&65'+0174HI+,0, #23"!2J/8 !;-."#DE<=&'"

$% #"" Y &'/8$%/4+, !O>  !"b [N@ W#@ST^WJch@f "!G?)g78D :-.DEL0,C6G%/823+1-.DE5'2J"9!:  #;-."#DE<=&'"" 9 G%/8 !&6"!+
+,-%5'&'5'\=+,iA9 D.5 Y A8"#(N"-.DEL(NG?/8&'5'\j723+1G%k6&'BKB-./82J/8 !;-."#DE<=&'/"!&'/5O

C'/8G?/8)*+, #G%/Y &6/8$%+,&65'L)*/8DE+1&';8A8"#(N"-.DEL(NG?/8&'5'\j7&'5'<=&6BKB-./82J/8 !;-."#DE<=&'/b [N@ W#@STUV#c
f "!G?)g78DE/&'/8PQ/$% #"78A4/ Y : 2J/8+, #O0,+1A8\=5'5C'G%+1- : -%78HI+1M2C'G%L4)*"#78(N"#DE;8&'5'A4/-.DEL
-./8&6& : k !/ 9 DE5'\j7&'/2 Y (NDEL4-e G%"!01 !"!M78 #23+,G?<=-.+,&'56+J@&'/8PQ+"! #23+,G?(N&678 #;0,C6"!0," 9

"!-%5'&78A4/ Y /4 !;)*"!<=+1)lm:5'DE55'DE55')*+,&6&'"!O
/0,C6G%/823+1-.DE5'2J"!O&'+1G%/823+1&'0, #25 Y"!-%&'"A8"#&' #78G?/C'G%"#5 Y 2J"!DE;8&6"!(N"-.DEL78 #23+,G?<=-.+,&'56Bno
A +23+1-$% #"0,"#"! !2J+, !01 !23+1&'&'"!O(NG?/8&'5'\ :&'5'<=&6L8L523+1G%k6&'L4LA8/4A-.+1M'0, !2p78BK !O

f "!G?)g78D :0,) : 01DE+,OF  #"!)qb [N@ W#@ST^rJch@s G%5'- 9 +,G?(N/5s 5'k6)*/4&'/80,/f "!G?)g78D :
5b [N@ W#@STUt#cf "!G?)g78D :G%+ Y 78D.;8 !/8 #/8)*5)*+,<=-?7&'/8ku"!-.5' #0,LG%+ Y 78D.;8 !/8  !"#$%& : M

$% #"C'"!A4/ Y : 2J/8+, #OC'G%56)v+1G%"!2G%/8010,)*"! #G%+,&6& : kw "!D.;8PQ5'&'01 !23"
A82J/8-.G%/4 !"!)I@00,G?/823&'+1&'5'BC'"R @ VC'/8G?/8)*+, #G%"!)0A8G%+10, #/

0,D%78$%/8L-.DEL5'01C'"!DE; Y "!2J/8&9!:  #;)*"!<=+1 /8G%(#78)*+,&6 x &'/8D."!(N5'$?& : MC'"!D%78A8G?74(8@
$%+1)A8G?74(N/8Of "!G?)*+A9 D.5'<=+A82J/8-.G%/4&' !/f "!G?)*/$% #"f /8A4 #78O !"#)g79 D./8(N"!-%/8G%L

"!01&'"!23&6"!)20,2J"!M'01 !23"F  #"5C'"!D%78A8G?74(N/8O-.DEL$%+1)9 "#DE;8PQ+,O !"#<=+A82J/8-.G%/4&' !/
-.DELY &6/8$%+,&65'+$% #"78A4/ Y /4 !;8O)*"!<=+1)) :&'"&'+1C'G%/82J5'DE;8& : O/82J !"!G%"#2-.G?74(N5'k

-./8&6& : +A8/4A23G?+,)*L8O !"2C'G%/4235'DE;4&'"!Ob [N@ W#@ t!`3cf "!G?)g78D :C'"!2J+,-.+1&'5'+A8/4$%+,01 !23+1&'&'"!+
$% #"-."#A8/ Y /8 !+,D.;80, #23/8O0, #G%"!(!"!(N"5')*+,+1)&'+lm:)*"!&'"# !"!&'& : @/82J !"!G%"#2

-.G?74(N5'ky /8&'& : +R @ VN@"!A4"!DE"0174HI+,0, #2J78+1 )*/8A8015')g78)C'DE"#0,A85'M"! #&'"!0,56 !+,DE;4&'"
)*"!&'"# !"!&'&6/?o&'+b [N@ W#@ t!`3cdO2&'&'/4L+"!C'G?+,-.+1Df 78&6A8\=5'L8O$% #""! #)*+, !5' #;8Oa DE+1-%78+, 

)*+, #"!- : @$%5'01DE+,&'& : + !"#$%& : +5<=& : ++&'/8-9 "#DE+,+
G%/ Y G%/ 9 "! !/4 !;&'+1" 9 k6"#-.5')*"5(NGz7 9!:0,D.5'PQA8"!))*+, #"!- :$%5'01DE+,&'& : +0174HI+,0, #2J78BKHI5'+

$% #"-."#A8/ Y : 23/8+, #OF  #"+q 0T#T{|}@&'/G%+ Y 78D.;8 !/8 #/F A40,C'+,G?5')*+,&' #/8DE;8&'"#(N"
"! "! #DE5'$%/8+1 !01L$% #"G%/82J+,&-.DELG%+ Y 78D.;8 !/8 
+,(!"~ /8C'G%56)v+1G%OC'G%/4235'DE;4& : @a )*+,-. #/8O-.+"! " 9 G%/ Y "!)$%/801 !& : )C'"!D%78$%+1&'& : +

G%+ Y 78D.;8 !/8 : O$%5'01DE+,&'& : ++,01DE5&'+1C'G%/82J5'DE;8& : )*O9!:  #;)*"!<=+1 Y /4A8DEBK$%+1&'5'+
>  !"(NG?/8&'5'\j7?@&'5'<=&6BKB +-./s G%5'- 9 +,G?(N/5s 5'k6)*/4&'/80,/f "!G?)g78DE/A8/4A23G?+,)*L8O
 !"2O-.DEL(NG?/8&'5'\j723+1G%k6&'BKB +-./b [N@ W#@ t!`3cf "!G?)g78DE/&'/8PQ/$% #"23C'+1$%/8 #DE+,&'56+,O

0.3=

1.=2.8716,=0.3482=¨

,
16

1624
=

.,

¨

¨

¨

¨

0.08347,=0.1=

¨

¨

274

τε
τ

εεεε

π−

)−π(±π
ε

ε

εε

τ≥τ≥ττ≤τ≤τ

≈ε

τ
τ

≈ε

τε

τ

���?�8�=���

�E�E�E���Q����E�������Q�z�����E���j�����E�n�����?�=���z�

2121

2

1/222

1,2

13exact1213exact12

�� j¡3¢.£.¡3¡3 j¤E¥



 ! "#$%&#'()*+ *,-./012345236378#'49/):'78/)63/;<#'=8>?#$7@49/)A9#':$63/)#:$-&#$%9B3CDEF/)#/

;<%9#

=86G=8()A92G78#$-.HG()=I)=8-9B3A9/)>>?*

:$7@23JK/)=@()2349()=@:$78/B3:'-.=8 "/)LMNOPQ B3(163JK/)R
632G64923:':$>?=87@49#$(+ *,7@H>?=8SK#'763=@78=849*,LQ B3(163JK/)=8(123-I)=8-9B3A9/)>>?*TUV P W@P X<W"YUZ

 /)0I)=8%9:$782G !-.R3R/:$=@=878 "#$78:'78 !#'()()= ZTUV P W@P [@Y/TUV P W@P \"Y =8I)45#$%&#'-.#$()*/;<%9#

] 49/)()/1>?23R

TUV P^_`P a!Y49#'bc#$()/)/78=@A9()=8>()2
:$7@23JK/)=@()2349()*,>R3 "-.R3#$7@:$RQ B3(163JK/)=8(123-d -.#'%9B3CDEF/)L =8I)/1:$23()(1=8>

>?#$7@=8%&=8> Z !2G49/)23JK/)=@()()()*,>:63=@> + /)()23JK/1/ TUV P W@P [@Y;<2G49>?=8()/)6G/497@=8L#A9#'78 
 !6G-.CDA9#$(1/)R>#I1B37B3-&BGA9bc#$(12+ *,7@H>?=8SK#'7TUV P W@P^_eX@YQ =845>fB3-.*g =8A5()=8:$7@H

A9/)7@2378#'-.C P/)()7@#$49#':'B3CDEF#'>?BG:$Rh 7@==8:'7823 "-.R3#$>>?*/B37@ !#$45SK%&#$()/1# Z()23bc#
=8I)45=8 !#'49;<(1BG78H/)-./%&=@632 O 2378HA97@= + *7845# + BGCD78:$R ZB3:'/)-./)Ri ()2GA9/)78#'-.H3()*,#
 I)49#'%&:$7@23 !-.#'()()=8;8=/)()7@#$;<4523-.=8 %& jB3>?#$49()*,0:$/1();8B3-.RG49()*,0 !*,A5/):$-.#'()/)R

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

275

,
)(

dsin4
=,

)(

dcos4
=

,
5

)+3(
=

(4.8.29),
)(13

8
=

0=
I

,+d
)(

)(

4

1

(4.8.28).dd
)(

)(
)(

4

1
+)d()(2=)(

1960).(Noble,

¨

¨

1986e).

(Fabrikant,

a
F

a
F

AB

EFEF
c

cAB

S
M,NR

Nw

H

SS
M,NR

Nw
Mw

H
SMwMwI

φ
φφ

φ
φφ

−√
τ

δ∂
∂

δ

σσ

σσ≈∆
π

−

∆
π

σ

k8lmn"opqlmrmsKtuvw n"tusKx<yGz{|}@lm~��$z'���� �

2

0

2

s2

0

2

c

sscc

40N

S

2

MN

SS

2M

S

��







ππ



 !"#$%&'"#()*+,-.$%&/01.2,3&4567"#8,-9/0%:%0%;<=>5"#8:%,39?@AB4,3CA"$%@A&'@A.D,-&/").E8#&',-FG0%:9?B4H
:%@AI#&'*AJKCA0"#()FG,-L9?B4H8#")M/:%=N.9?" E 8#@A8)"#M/:%"()*+9?,-8"#:M/8)"O ,3&/0%8#P+Q" E :%" O @+:%0%H, E 8#P
CA:%01IR0%QS 8)"#L&/@A.D")CO :%,:%@ATU"#9?0%8 E HVWX 5 Y)5 Z[\)]^1"#&'._*AB4=0 E3E B4,-9/" O @+:%0%,$%"#B?:%"#,`a"#8#H

:%@A8b*A&/@AB?PA:%=N.Gc$%&/,39 E 8)@ O B4H+,-8 E H
^1"#&'._*AB4=$%" E B4,-9/:%,-L"#()"#(#FG,3:%0%,d B4,39/*AefFG,-,IR9/,

9?@ O B4,-:10%HO :1*+8#&/,3:%:%0%.0$%,3&/,-.D,-FG,3:%0%,-..D,-g<9'** E 8#@A:%" O B4,3:%"(#=N8)P
.D"#g<,38O JK@A0%.D"#")8#:%")hi,-:%0%,E B?,-9/*AefFG,3,8#&',-FG0%:%=NQCA&'*+IRB4")LE B/*AM/@A,OM/8)"X 5jkl5jklZm]nQ

:%@A$1&/0%.D,-&/QV E .D"#8#&'0%Q0%J O , E 8#:%"`a"#&/")hi"E B/*AM/@AHo5"#()FG,-IR"9?B4H$%&/,39 E 8)@ O B4,3:%=
(#=N8)P.D"#I)*A8&/@ E3E *+g<9?,-:%01Hpq,-CA")8#"#&'=N,9?@ O B4,-:10%H'5"#9/:%"#&/")9?:%"#IR"9?,3L E 8 O 0%,-.
$%"#98#&',-FG0%:%=E B/*AM/@AL8#")B4PACA"9?,38#@AB4H+TO&/@ E3E .D"#8)&/,-B?0.D=E ,3CA;<0%0S 8)"#L6

8#")M/:%" E 8#P'5*AB?*+M/hi0%8#P
:%,3.2:1"#g<CA"M/8)"#(#=O =NM'0 E B4,3:%0%HA.DQIR&'"#.D"#JK9?CA0%.(#")B4,-,C:%,380%B40$%&/01(#,-I#@A8#P

E ,3(#HAQ9?B4H&/,3hi0%8#P9?")B4g<,-:rN0%8#@+8#,-B?P5.D@AB4,3:%PACA01."#M',-:%PE"#()B4@ E 8),-L9?B4H
.D, E 8#"0%.D,-,38"#()=NM/:%"s 8#"*ATU*+9?hi@A,38 E Ho58#")M/:%" E 8#PIR9/,$%&/01.2,3&/=NQ:%@AL18#0.D"#g<,3.

.D=pq@A$%&/")8#0 O Q8#")M/:%" E 8#P'5*AB?*+M/hi@A8)PO E ,-IR9/@()*+9?,-8$%"#9/T1"#9O @+&/0%@A;<0%"):%:%=NL
M/8)"9?")CA@AJK@A8#,-B?P E 8 O Q:%0%C+@ACA0%Tpq,-85.D@AB4,3:%PACA01T9?B4H9?" E 8#@A8)"#M/:%"
:%,*AB?*+M/hi,-:10%,T1"#8)H8#")M/:%" E 8#PAQ*AB?*+M/hi@A,38$%"#9/T1"#9O @+&/0%@A;<0%"):%:%=NLM/8)"$%"#C+@AJt= O @A,-8)Q

&/@A:1,-,$%&/,39 E 8)@ O B4,3:%:%"#L8#@+(#B40%;<,3LE ")"#8 O ,-8 E 8 O *+efFG,-LE8#@+(#B40%;<=S 8)"#Ld &/@ O :%,-:%01,

&/,3JK*AB?PA8#@A8)@A.D0S C E $%,-&'0%.D,-:%8)@AB4PA:%=N.D0EE &'@ O :%,3:%0%0O:%0%g<,
$%&/,39 E 8)@ O B4,3:%=$%&/H+.D")*AIR")B4PA:%0%C+@9?B4HVWX 5 Y)5 u#vb]E ")IRB4@ E :%"O =NM'0 E B4,3:%0%Lwx,-Jy*AB4P+8#@A8#=

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

(4.8.30)

.dd
),(

)(

)])()()([(
tan

2
=),(

).cos(2+=

,dd
),()])([(

tan
2
=),(

Cohn.

.d)sin4(=,d)cos4(=

276

RRa

aa
Hw

R

RaR

aa
Hw

w

aEaE

ε

φρρ
φρσ

φ

ρ−φρ−φ

πφρ

φ−φρρ−ρρ

φρρ
φρσρ−ρ−

πφρ

σ

ε

ε

φφφφφφ

z7{|} ~z7{|} �zN��} �{|} ~�l} ~� } ��W~|} ��j�1��[�3�y�#���'�b���+�R� {|} ~�~l� �{|} ~�~|�K�{|} ~#�W~|�{|} �n� � �{|} �n� � �{|} �n~��t{{|} �n{|�K�� �|} � } ~�� �� ���[�7�-�b� {|} ~�~l�l�{|} ~�~|�[�{|} ~�{����{|} �n� � �{|} ���t���{|} �n�)�l�{|} �n~l{l~
��} {�{l{l{{|} �3�K{l{{|} �t{l{l{{|} �t{l{l{{|} ~�{l{l{{|} ���K{l{{|} �n{l{l{

�4�4�4� ¡i¢£¤�4¥x¦7¢N¡i§o�§¨7�4¡x©ª«¬x�4¢®¡x¯�°'©<¦7±o¦

000

00

1/2

0

2
0

222

-1

0

)(

0

2

000

22

000

00

1/2

0

2222

-1

00

2

3

0

2

s
3

0

2

c













a

a

π

π

τ
τ

ε

ππ

=

=Cohn

=

φ0



 !"#$%&'()*'+,-'+./,01 !-'1#23/,456!"789:9"; 6):98317+,<="78989/."> /,()/,17?@AB "#17C'/.89"7D!83/,E
F /, G0H"< !-'$% !"#$I-17(!&'D!-'"<B ?J+.*6)/.(K4589/:C'-LC"71#+,*
C'/.MN6)-89- >  !O'45"#89:9E9PC'/.89Q5"789+. !-'Q5:9:C'/.R F3F :9Q5:3"789+,-$I83-'D!"783:9">  !"#6)"7()*'89/,"D!+./

> /,CL-'$I?J<=-'"7+.PSTU A V.AWX%Y.Z[ ?J !-L45"789:9" !"#$%&'()*'+,-'+\&CB ():9$IC'//,DG"789*D!+./
"71#+,*17+./, !/.89?6)(K:38989/,E17"# !"76!:989"< !"#$%&'()*'+,-'+89-']17(!&'D!-'"[^=_ A

/,CL/,(K/ !-'1#23/,456!"789:9"#01` A Y ^ P !-'<="78a "7$b&'(K*L+,-'+6)-'cd+
F /, G0e&'(K?89-']f:C'<=-'6) !-L+,-'P17(!&'D!-'"[17+./, !/.89?6)(K:38989/,E<\6!/,(K*

17+./, !/.89?C'/. !/,+,CL/,E<\6!/,(K*89- >  !O'45"#89:9EC'/.89Q5"789+. !-'Q5:9:
C'/.R F3F :9Q5:3"789+,-B "#$I !-L$I0H"7 G89/,MN/6)(KO> /,(!&'D!-'cd+.17OF /, G0e&'(K?17()"76!&'cdgh:9"<\?J G-'45"789:3"7P

> /,1#(K"76!89"7"<STU A V.A ^ Zi /,6)1#+,-'<=(KO'OA6)-'<=(K"783:9O/,6!89/, !/.6)89/,MN/6)"#E917+,<=:9"70
> /,6j89-j !-'$%0H"7 !/.0+, G"7gh:983&>  !OL0H/.&'MN/.(K*'83&Lca -'1#170H/,+. !:90

:90H"78389/,P-89- >  !O'45"#89:9E9PC'/.89Q5"789+. !-'Q5:9:
C'/.R F3F :9Q5:3"789+,/.0:+, G"7gh:989?> "# !"70H"7gh"#89:9E$I83-'D!"783:9O'0H:>  !"#6)"7()*'89?J0H:

0H"7456G&<\$%-':90H/,/.+,89/.]f"789:9"-'1#:90 > +,/,+.:9D!"#17C'/.":91 > /,(K*'$b&'"#0k ?
CB ():9$IC':C'/.+,/, !?J" !"#$%&'()*'+,-'+.?JP6)-'cd+:<\?J<="76)"#89?B ?J+.*0H/,M.&'+F /, G0e&'(K?

>  !/.17+,?J"89"#C'/,+,/. !?J"D!+./> /,CL-'$I-L+,*'P0H/,45"#00H?89/17"#C'Q5:9:9PR,+./,E !-'0HCL:
$I-<\?J23/.6):9+89- >  !O'45"#89:9EC'/.89Q5"789+. !-'Q5:9:C'/.R F3F :9Q5:3"789+,-l 171#(K"76)/.<\-'89:3"

+, G"7gh:989?@A>  !/.:9$I<=/,(K*'83/,E6)(KO<\?J G-'45"789:3"> /,1#(K"76!89"7"> /,()"7$I83/89-'1#C'/,()*'C'/
> /,CL-'4m&'+.P:91#17(K"76!/,<\-L89:9On &'6G&'gh:9"+, G"7gh:989?@A<\83&L+, !:$I83-'D!"783:9O"7M,/D!"# !"7$>  !OL0H/
+, G"7gh:989?C' G&LMN/,<=/,E<\89"89- >  !O'45"#89:9O89/, G0H-'(K*'89/.MN/ !-'1 >  !"#6)"7(K"#89:9"+"6)-C'/.+,/, !/."

<\?J G-'45"789:3OGo17()"76!&'cdgh"#MN//,+.89/,17:3+,"7(K*L89/176!"7(K-'83/B ?J+.*
0H/,45"#+&'+.<\"7 G456)"789:3"p 89-'()/,MN:9DG89/,"6)"#+,-'(K*L89/LAB /.(K"7":91#17(K"76!/,<\-L+,*17+./,:9+STU A V.A ^=` Z

<\?J G-'45"789:3"D!+./O'1#89?J0HP17+.-'89/,<=:9+,1#O89:92:9$89/6)/.C'-'$%?J<\-'cd+,P89"17+. !/,M,/89:9DG"7MN/
>  !:30q"# !?R,+.:r /,83"7D!89/.Ps _ A>  !"#<\?J]f-'"#+89" !-'1#23/,456!"789:9":

 !-'<="78 !"#$%&'()*'+,-'+R,CL1 > "7 G:90H"789+.-'(K*'89?JE-'89-L(K/,MN:3D!89?JEC'-LC<\ G"70HO'P
+,/<C'-LCSTU A V.A ^=` Z:9$<\?JDG:917(K"#89/B ?J+.*0H/,45"#+Q5"783+, !"
"7M,/<t> "# !"70H"7gh"#89:9"B "#$I !-L$I0H"7 G89/,"C'<=-'6) !-L+,-'P17(!&'D!-'"[/,+.89/,]f"783:9"70
1R,()(K: > 17-6)(KOY _>  !"#<\/,1#23/,6):3+89"<\?J G-'45"789:3O8989/.MN/">  !: B (K:94/,]f: B C'-

D!+./> /,CL-'$I?J<=-'cd+,P<\?JDG:917(K"#89:9Oi  !O'0H?J"C' G&LMN-17(!&'D!-'"<17/.< > -'6!-'O
P0H-'(K?J26)(KO6) G&LMN/,0e&C/,6!:98B ():9$IC': !"#$%&'()*'+,-'+.-u B -

"71#+,* !"#$%&'()*'+,-'+v /,DG89?JE:+,: > -> "# !<\/,M,/:989+."7MN G-'(
R,()(K: > +,:9DG"717CL:9E> /,()89?JEwMN6!""71#+,*STU A V.A ^=` ZF /, G0e&'(K?

a "7$b&'(K*L+,-'+A6)-'<=(K"783:9O/,6!89/, !/.6)89/,MN/6)"#E917+,<=:9"70> /,6R,()(K: > 17-LP> /,(!&'/,1#:
w:S+, G"7gh:989?R,()(K: > +,:9DG"717CL/,EQ5"783+, !"<> "# !"70H"7gh"#89:9"> /,6!17D!:9+.-'+,*

⌡
⌠

⌡
⌠

277

(1977)Weaver

1,0,)(

Weaver.0.98,=

0.3,=

Weaver0.7071.=0.23573=

.)(3=

;3=]:)(/[=

),(

.)(22=

1977).(Weaver,

¨

,
)cos(2+

dd),(])([

)]([

2
=),(

0.3411,=(3/2)

Cohn

0.3572,=)2+)ln(1(4/

0.5.

¨

0).=(

.2=

.)/(1=

,)(8/=

)>

b/a

b/a

a/b

bpk

p

b>aba

krHw

a

a

wb/a

k

kHpb/E(k)w

abk

K(k)HpbK(k)w

pba

baw

→κ→

κ

×κ
τκ

τκπκ

π

φ−φρρ−ρρ

φρρφρσρ−φ

φ−ρπ
−φρσ

τ

√π
≥

π
−

π

x,yz{=|m}yz~z�5�b�� {=�b�5�N�L����.yz���7�#���� �

1/2

1/2
1

1
1/2

000

22

00000
1/2

0

2
0

2

0

)(

0

2

1/222

2

0

1/222

0

�

aπ φ0



 !"#$%&'()*+,-./01$%2!3!$45()0'$)&#6-789:$%$
3!(% !;<01=->?6-$%*@ $)*<;+&()$%A-BC3!3DE !"#$%&'FG&#6-9:$%H.3!(% !;<01=->I;<.J,-2!2!FGKKL$)*+;<&';<KLM
 !;<0#6-N#$%2!;O FG*+=KL;<PC$%**<"Q$)9:3!2!F; O 9:$)H&'01RSTU E U EVW U+X"#$%YZ$)2!3!$,-2!,[013!*<3!NQ$)()A[;<$

2!2!;+$$\ "#3 O 013!PX ES] 6-2^A-BC3!3_ 6-"Q=-$"#,->I01;<P`$)2!3!R3!>3!(%N#$)>I2!$)*ab,["#KL;<2!3!A[,
 !$%"#./,-RN#*+;*<,[A-MA-;+;<"#&'3!2^,-*;<(%$)H;<"Q3!$)2!*+,-BC3!7./F O "#,-*<=./(%$)ab&#,KL;<PC$%K

@ F] 6-2^A-BC3!RQE2!$% !"#$)"QFc.J2!,-R;<&#2!;<>d2^,-N#2!,-R$)(%*<=XSab&#$6-"Q,-./2!$%2!3!$)K
A-;+;<"#&'3!2^,-*<,-e !;<0'R-"#2!FGe.;< !3^(),-2!,O FG*+=KL;<PC$%**<"Q$)9:3!2!,ab"Q,-2!3!BC,\ 6-(%*<=

] ;<"QKLF X E; O 9:$)H*<"Q$)9:3!2!;<H !01;+()A-;+H( !"#;+()*<"Q,-2!()*+./,-M6- !"f6-ab;+ab;
Sgh >Iab3 Oi A-;<;+"#&'3!2^,-*<$JE !"#;+ !;<"#BC3^;<2!,-01=[2!;<H,-KL !0'3!*+6-&';+H$)a<;(2!,-a<"Q6->IA-3!M

2!;<"QKL,-01=-2!;+H&'$%H!()*<.J3!$)K !;<&*<"Q$)9:3!2!F !01;+()A-;+H; O 9:$)H>d,[&',-NQ6j $)YZ3^*<$k E

kJl E X !"#$%./;<(%e^;<&'3^*2!$;<YZ3 O A-,
A-;+*<;<"#FGe&'01Rm 0'013! !(),[M !;<0#6-;<(%R-KL3KL$)PC&Q6;<*+2!;<YZ$)2^3!$Sgn ,[H!&'3!*<$*<"Q$)9:3!2!FoE

m 0'013! !*<3!NQ$)()A[;<H&'01R() ^"#,-./$%&'013!.J,STU E p+E qJr X] ;<"QKs6-01,ab&#$; O 01,-()*+=-Mn ,-H!&'3^*<$U E

./FGYZ$4Et+u 3!(%A[6-(%()3!R t()$%A-BC3!3.()&#$)01,-2^2!;<ab;
6-*+./$)"QPC&'$)2!3^R-M2!$%() !"#,[./$)&'0'3!./;<(%*<= XS 3!013() ^"#,-./$%&'013!.J;<()*+=&';+A-,->I,-*<=\ ;< !"Q; O 6[H!*<$q+E

STU E p+EVW U+X Ev (%*<,-2!;+./3!*<$w E

STU E p+E k X Ex FG./$%&'3!*<$WyE

] ;<"QKLF !"#;+3!>d.J;<01=-2^;<H;<*+./$)"Q()*<3!HKL,-01FGe
 !;<0'R-"#3!>?6-$)KL;+()*<3m 0'$)A-*<"Q3!N#$)(%A-;<H3!(%()01$)&#;<./,[2!3!3.3!(% !;<01=->I;<.J,-2,- ! ^,-"#,-*PC$

z ;<*."#$%YZ$)2!,m A["#,-2!$KLR-abA[;<K.] ;<"QKLF; O 9:$)H;<*+./$)"Q()*<3!$
N#$%"#$)>>d.46-A-, !"#;+2!3!BC,-$%KL;<()*+3>d,[&',-N#,m A[./3!./,[01$)2!*+2!,-R@ ,-*<$%K{,[*<3!N#$%()A-3

*<"Q$)9:3!2!FoE
m 0'013! !*<3!NQ$)()A[;<H&'01R2!,- ^"#R-PC$%2!3!HA-;+2!BC$)2!*+"#,-BC3!3A-; m ]^] 3!BC3^$)2!*<,;< !"Q$)&'$%01$)2!3^3

. !"#;+*<3!./;+"#$)NQ3!R6-A[,->d,[2!Fab&#$
()*+,-*<=[72!,()(%FG01A[6()&#$)01,-*+=*<,[A-PC$KL;<PC$%K@ FE>d2^,-N#$)2^3!$

$)a<;()*+,-*<=[$.|XSA-,[A2^6-0'7A()*+"#$)KLR-(%=M"#;+()*<;+K
(&';+01PC$)2;<2] ;<"QKs6-01$)M2!,-YZ$%H();+ab01,-(%2!;()*+;<"#;+2!Fo5A-;+"#;<*<A[;<H

./&#;<01=2!,- ^"#R-PC$%2!3!HA-;+2!BC$)2!*+"#,-BC3!3A-; m ]^] 3!BC3^$)2!*<,O $%>d"#,[>dKL$)"Q2!;<ab;>d2^,-N#$)2^3!3.

¨

),(=

1987c).(Fabrikant,

1988d).(Fabrikant,

1975)Sih,and(Kassir1987f),(Fabrikant,

(1977)Weaver

278

a

aa

x

b/ab/a

φ

φφρ

}Q~��y���!�Q�'~%�[�J���y�

}<���4�C�Q���Q���<�y�

�1�1�1���Z����1���D�G�Z�f���D�1���` �¡��1�c��¢£¤Q�C�D¥f�

¦8§�¨1©`ª!«)¬!®[¯C° G¨±§!²�³´µ[¶·'¯ ¦ · © ·'¯ ¦ · ¶
¯ µb¶ ®b¸1° 8µ[¹º ·1¯¸ ©Cµ[³´G¦8§» © · G« °Q·1¼½¾ ¦8§!¿À1Á Â

ÃÄÅ Æ

ÇQÈ ÉÊZË`Ì1ÍfÎÏÐ`Ñ4Ð`Ò`Ñ



 !"#$%"&'()*+,-./0123 )-45" 06789: ;-: 81<=  !>*?@'("&'AB("

C9D "

B 3 "&'A'()-E>F "# !" 3 "&GH"#'(B(IJE0 >*' C "&'AK5B(>JL 2 'A) C )
> 3MF LNB 01O D )1PB'(> C  OJQRS )-PT D ?@B C >*UVGH"&P3 "&4 D O? Q >JB 3 )-) 0 '()1$%"&'(B("F )-L OJW B 3

3 .D B(XYXA"& !"#'(K5B( !)1?@>J'(B("#E'("#) ,-Z ) D B 3 )-"? . F )1L['(IJIB6789: 89:\]R81<?6789: ;-: ^_<` ) D T 0 >J?_L[IJI

C >* 3 )-'(B S +
D ? OJZF "# !? ./Z0 )1L 2JS )T&) Z  !>J'("#'(B(IBB(' 0 " C  aB( !)-?_>J'(B(IF )-T#L["0"D >6789: ;-:\]R<

?6789: ;-: b1<` ) D T 0 >J'A)-? S >F )-T 0 )-I*'('(>JI :S ) 3cF L[" S T#'(>JI'("#B Q ?@"#T 0 '(>JIF ) S >"&T 0-2C9D "

XA)- 3 O +B 3 "&U 0F "# !" 3 "&GH"#'(B(I0 >*' C "&'AK5B(>JL 2 ' . "
`dO T 0-2'(> C  OJQRS B :T D ?@B C >*UVGH"&P) D '()- !) D '()-PT&L OJW >JPe >JT#T 3 ) 0  !B 3

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

279

(4.9.5).
)(

de
=,

)(

d
=

(4.9.4),3+
)(4

1
=

(4.9.3)

.d)3cos2(+1
)(

)(2
)(16

d
)(

)(

¨

(4.9.2),)(/])([=),(

(4.9.1)

.d),(
)(

),(

d
)(

d
=d

)(

)(

a
B

a
B

BGuBGu
GG

a

a
GG

u
S

N,NR

Nu

u

aauu

u
x

x

x

x
S

N,NR

Nu

φ
φ

φ
φ

−π
τ

φφ−φφ
ρ−

φ
−π

≈

φρ−φφρ

ρρφρ
−ρ

φ−φρρλ

φ
−ρ

f9g&hijkl&m7n&opqr@sto9hug#vYwxyz{|ir@f9|ij_|ir@f9|i{r@yq{9pz}is~o9yz��9|ir}ij_yqw5o9f*g� j_|io9m�st|i�@�&f9g&��u� �

2

0

2

2

0

2

1

220110

2

2

1

2

00
0

2

0

0

2

2

2

1

2

0

N
0

S

1/222
0

00001/22

0

2

0
0

2

)(

0

0

2

1/222

0

N
0

S

�





















i

x

a

φ
ππ

π

πρ φ0



 !"#$%&'()*+ "#,)-)./,0123456,)7#()3+ "#(89: &'3456,)1!";<47#( 8 34</=-)>23 :?@ 3/.,)AB" + *12>CD12&'EF"
-)GH7#() !,7;.I,)1234(07;D34()"# !&'JK3/3L  !,0JK";1!MN !&+ "#7;3 +4O M'>CD' + GHPM' B& 89+ " + 34D56";(0,)12&'563QR

12 BM O 3456377; B& 89+ " + 34SL ,L  !"#345TM'UV";7#( 8 &+4+ GH"", L  B";12"#>3456";SW(@ ,0(),) !GH"
M' B& 89+ " + 34D'P3 + (0" O  B&'>C* + GH",)7 + , 89+ GH"X G 8 "#12" + G12& 8 >C" + 34DBY+ ,) B56&'>C* + , O ,

L  !,03 :?8 ,)>C* + , O ,12"#<47;( 8 34";5L ,)1() B";UV3 + &'563@  BM O >CGH563@ , L >C& + &N + GH563
 !&'7 L ,)>2,)EK" +4+ GH563L  !,03 :?8 ,)>C* + ,+ "#7 @ ,)>2* @ 34563,)7#>C&'-)>2" +4+ ,05L  !,07;() B& + 7;( 8 ";P

M L  ZM O ,058+ & L  !D'EK" + 34<& + &N>C3 : &12>CD: 1!";7;*L  !3/>C,)EK" +56";(0,)1[ -)UV34<

@  BMNA!" + 34DBY12"#<47;( 8 34";5L ,)1() B";UV3 + GL >C,07 @ ,0<,)-0UV";<: &N12&'ABM\ ";$%3/()"] Y

@  !"#7;(0&BY^ ,) B56"8() B";UV3 + G12>CD: &N12&'ABM\ ";$%3/()"_ Y

() B";UV3 + G`YL ,)>!M @  BM O , 8 ,)<7;>!M'A!&'<\ &'7#7;56,)(0 !34()"a Y

b _ Y c)Y d9efYg 7#()& + , 8 34()"h Y

b _ Y c)Y a efYX G 8 "#1234()"i Y

^ ,) B5VY
 !& : >C34A + GH.() B";UV3 +12>CD !"#$%" + 34D+ &'$%" O ,(),0A + ,)7#()*,)JK" + 34()*() ZM'1 + ,L ,)j0(),)5TM
+ & O  BM :k@ 34P7;1 8 3 O &NSWUV";<12"#<47;( 8 34";5L ,)1() B";UV3 ++ ";l6j0>C>C3 L (034A!";7 @ 34.12>CD12& +/+ GH.

E + GH."+ &'1+ 3 @ & @ 34.>C34(0"; !&N(0M' !"8+ &'$%>23+ "m Gj)>2>C3 L 7;&ZY12>CD
D 8 >CD'";(07;D_ Y c)Y ] enPb _ Y c)Y _812& +/+ ,)" !"#$%" + 34"#Pb _ Y c)Y a enP7;(0 BM @ (9M' BM+4+ MNS"L  !3/-)>C34E

+ &+ "#7;56,)() BD3@  BM O &89+ MN() !3(),0>C* @ ,7 L  !& 8 "#12>C3 8 ,b _ Y c)Y i e
L  !"#127;(0& 8 >C" + 34"3 + (0" O  B&'>C* + ,0"A!(0,^ & @ ()P(),0(+ &+ "#7;56,)() BDA!(0,,)(056";()34(0*'Po (),034(

:?+ &'A!" + 34D'563QR./&' B& @ ()"# !3 : M'";(07;D
h3h7;(0,) !, + &'5637;,() B";UV3 + &L  !DN56,0M O ,0>C* + &NDp & L  !3/5q"# !P() B";UV3 + Y

^ ,) B5 !& : >C34A + GH.12>CD8 GHAB347;>C" + G>C" Or@ ,-)GH(0*56, O M'(b _ Y c)Y ] e8s + ()" O  !&'>2G

¨

¨

¨

)},(min{

(4.9.7).
)+(3

)4(
=,

)+4(
=

(4.9.6)].3[
9

)(4
=

280

a

aaaa

aa
B

aa

aa
B

aa

BGBG
BGBG

GG
u

−
φ≤ρ

−

τ−τ
−

−π

tuvBw'xKyFz

{C|C}C~��%���}C���Q�H�%�Z}��Q|C���F����}C�������B�K�Q�Z�

�W���C�F�4�;�4��W�C�K���4���4�W�C ¡¢£r H¤r¥C¦B�W£N�§W�C¡
¥2�K£N¨©�H��4�F�/�I��ª�«�4�2§H���4�W�4�K�Hª�«¦B�¬�4�W���2¡¢£r H¤r¥C¦B�W® ���W�¬�4�H£¯C°±²¬³

1/2

2

2

1

2

1

2

2

2

2

1/2

2

2

1

2

1

2211

2

2

2

2

1

2

1

2

2

2

1

2

0

´µ

2121

¶B· ¸¹%ºF»C¼Z½¾¿FÀ¬¿FÁFÀ



 !"#$%&'()*'+,-'+./,012
3456 +."789 :-'(;-'<$ 6 -'='/,0> /,?@ABC> /.( 6 " 6 /D B +.*0E/,FG"#+? 45HIH "7 !" 65JG4  !/ @ - 654 "

6 "#3 456 8.&'(;K' 6LB <MNO9PQR%S9P T.U@3#&V0E0 B$ 6 -'='/,0> /,?456 +."789 :-'( B='-V=W -'=

='-V=> "# !" >54 3#- 6 /D B +.*0E/,FG"#+
MNO9PQR%S9PQR%U3 4 37+,"#0 B4 $&' :- @A6 " 654 "> "# @ /,"MNO9PQRXPQR.R%U <>  !"#?)37+.- @ (;" 654 "456 +."789 :-'(;* 6 /."

Y 3 > /.(;*'$Z&'K+, :"7[ 4565B P> "# @ /,\J " 6 +, !/,0337/ @A> -'?!-']^[ 4 0='/./, !? 456 -'+6 -'_:-'(;/,0
3='/./, !? 456 -'+,<> /,()K' 65BC`(;/.='-'(;* 6LBC`3 4 37+,"#0E"@+, :"7[ 4563 4 37+,"#0a& !-'3#370E/,+. !"7+.*
4R <6 /,0E"# +, :"7[ 456 &/ D [ 6 /,37+ 4> /,+."7 4D "#$@AB ?!"7( 4 +.*0E/,FG"#0b BH & 6 = JG4 K UcP

M 4 $ @ "#37+ 6 -'K+, :"7[ 4565Bd /,\@A6 &V+, 46 - >  !K'FG" 654 "6 /, :0E-'(;* 6 /.""73#+,*H & 6 = JG4 K U <
M 6 " 4 $ @ "73#+ 6 -VK+, :"7[ 4565B37+./, !/ 6> "# !"70E"7[1" 654 K6 /, :0E-'(;* 65B "/ D /,$ 6 -'_!-'"#+

UNe4M<4+,/._!='-'0 40E"7FG?:& !-'3#37+./,K 654 "/ D /,$ 6 -'_!-'"#+
+, :"7[ 4565B <d /,\/ D (;-'37+.*"73#+,*f - > ()-'37-'</ > "# !-'+./, ? @ &'0E"7 65B \"73#+,*89?!"

?)(;K

@A4 ?!"g2@MNO9PQRXP hAU <D ()-'89/,?!-' !K$i- >54 37- 6 -'<D B +.*0E/,FG"#+&' :- @A6 " 654 \
456 +."789 :-'(;* 65BC`/,3 6 / @A6LBC`j 4 37+."70E-6 - >  !- @ ()" 654 K ` P>  !/.+ 45@ / > /,(;/.F 65BC`

@+, :"7[ 4565B37+./, !/ 6 -'0=6 /, :0E-'(;* 6 />  4 (;/,FG" 6 /?)- @ (;" 6L4 ">  !/ 4 $ @ /,(;* 6 /,"
k &'3#+,*P/ D /,$ 6 -'_!" 6 !-'? 4 &'3""<4='/./, !? 456 -'+,-'0 4?)"#='-' !+./ @AB 0 4

3+,/._!='"@ !-'3 > /,()/,FG" 6+, :"7[ 4565Bd /,\J " 6 +, k &'3#+,*> "# !"73#"7='-']^+.37K P
6 "W  !"#[ 4565B+, :"7[ 456 -'0 4 P=' :&V89( B 0 4 !-'3 > /,()/,FG" 656LB 0 4>  !/ 4 $ @ /,(;* 6 /

> (;/.37='/.37+ 4@/,3#(;- D ()" 656 /.">  !/.37+, :- 6 37+ @ /& >  l&'89/."m -'3#370E/,+. 4 0
>  4 0n"# !/ @ P4 (;()]^37+, !-V+ 45@g65BC`6 "#37='/,()*'='/m -'3#370E/,+. !" 6 /@ $%- 4 0E/,?!"7\53#+ @A4 \ P

D ( 4 $i= 4L`/,_:" 6 *$i-V?)-'_ 4 !"#op" 654 "_ 4 3#(;" 656 /,"+,/._ 6 /,">  !-V='+ 4 _:"737= 4
> /,(!&'_ 4 +.*+,-V='FG"6 -'0> /,$ @ /.(;K'"7+b "7+,/.?$i-V?)-'_ 4 P !"#op" 654 "+,/._ 6 /,"?)/.37+,-'+./,_ 6 /

H -'=V+ 4 _!"#37= 4 <?)-']^+.<4D ( 4 $i= 4?)/.37+,-'+./,_ 6 /89 :- 6545JGBq,+ 4?) :&V89-'</,+?) :&V8?)-'()"7='/
='/.+,/, B "+, :"7[ 456 <37(!&'_!-'"r> -' :-'0E"7+. !/ @ P6 -'3456 +."7 !"#3#&']^[ 45`?)(;K89 :- 6545JGB
654 F 6L4 "4@ "# `L654 "+,/.(;*'='/456 +."7 !"#3#&']^+6 -'3"73#( 4&' :- @A6 " 654 K'<456 +."789 :-'(;* 65B "

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

281

(4.10.2)

.d
),(

)(

4

1
),(

1

)(

d

d

d

)(
)(

d

d

d11
=),(

(4.10.1)

,,...1,2,=,d
),(

)(

4

1
=)(

¨

0=

S
MMR

Mw

H
w

xx

x
x

xx

H

i

w

SMSMMM),MR(M

kS

niS
MMR

Mw

H
M

ayx

k

n

z

∆
π

−φρ)ρ(−ρ

ρρ
×

−ρρ)ρ(ρπ
−φρσ

σ

∈∈
∆

∆
π

−σ

σ

s9t7uvwxy7zN{7|v}s9|vwg~�t#�.�7s9|v}�9|v��vwg�Z�G�9s�iz�t#�9~�|v�A�Z}9�Z�X�X�9�� �A�VzN{7�9���� ���

L

LL

k
k1

k

S

201
0

1/22

0

2

00
1

2

1/222

0

21

k
k

k

S

2

�
���

�

�
���

k

x

a

i

iiiki

i

k

ii

�C�g�9�;���I�

ρ

k
k=2

n

k
k=1

n

Σ

Σ



 !"#$%&'()*)+,-./01!2  !+,3456*)78-9:)";(<3 1!= $%*<+> 78 ?5- 1!= $@ :)" 1?A $%B;C6";+D *)+,3 1!E ()F#*)+,G

HIJKL 0MN L OPQ2 3R$%B 2  !ST()$*)$@: 1!2 "#$%B 2  !ST$@*)* 1 $
$ 2  !5()*) ?$ E "#+,32 3R$%B;C,UV&'()WX +,:)";(<-Y$@";/Z 1 :)$@";+, 1 " 1 S L(D[> $@34$%SP78\
1  ()*) ?$ E "#+,347";+,]M34()F#*)78$ST78F#( 2 34() ?5*)+,-: 1 ]MS 1 34G,$% HIJKL 0MN L OPQ^ ";$@B 2  !+6ST34$@*)()$

BR34G

0M_BR34G:)";$@B 2  ?+,ST34$@*)()$()*) ?$ E "#+,345,* 1 $2 3R$%B;C,UV&'$@$( 2 : 1 345,] 1 SP+,34(-.7` BR$ 2 5

()-.$%*<* 1 /+1 :)$@";+, 1 ";+,/1 > ";+, !* 1!EK1
: 1 - 1 &'(:)";(HIJKL 0MN L aPQ()]ST78"#+,]b() ?5*)+,-: 1 ]MS 1 34G,$% HIJKL 0 L 0Mc Qd 1 "#-eC,34+

HIJKL 0MN L aPQ

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

.,=

)]cos(2+)[(
d

(4.10.5).>

,

d,

d

d12
=

)cos(2+

1

(4.10.4)

.
)]cos(2+[

dd),(
+

),(
d

d
4=),(

.d
),(

)(

4

1
),(

1

)(

d

d

d

)(
)(

d

d

d11
=),(

282

n

x

x

x

x

xx

xx
x

R

a

wa

xxx

x
Hw

w

S
MMR

Mw

H
w

xx

x
x

xx

H

−

)φ−φρ(λ
)−ρ(

φ−φρρ−ρρρ
)ρ−(

ρρ

ρρ

)−ρ()−ρ(

)φ−φρ(λ

ρ)ρ(ρπ)φ−φρρ−ρρ(

φ−φρρ−ρρ)−ρ(

φρρφρ

π

)ρ−(

φρσ)
ρρ

(
)ρ−(

ρρ

)ρ−(
φρ

π
−φρ)ρ(−ρ

ρρ
×

−ρρ)ρ(ρπ
−φρσ

f4g4h4ijklmnoh4pqrsm8kltuhtvsg4kqwxyz{qh4m|kq}~�#w�rs�ur

L

L

L

L

L

LL

0
0

2

3/22

0

2

-3/2
000

22

1/222

0

0

3/22

0

21/222

2
0

0

2

0

3/2
000

22

000

221/2

1

2

0

2

00000k

S

2

1/22

1

2

012

0

1/2

0

22

00

0

1/222

1

1

k

k1
3

k

S

201
0

1/22

0

2

00
1

2

1/222

0

21

�

�

x

xa

k

x

a

ρ

ρ

ρ

k
k=2

n

k
k=2

n

Σ

Σ



 !"#$%&'()  !*+,-./&0$%1-$23%45./1-"!$567 3
89: 2;<=>?2 :5@6ABA$5 !C?D'6ADE3%FG1-BA6AHI 7 ,-$B 3%JK #B4%LM$5&I 3%NK #$O$%D' !PQ6ABALI R 4%S

*T10UV1-WE6 2DE #XY !BA6A 
$%35WEBA3% UV35"!$%1-$53%WEBA3Z 1-[0$%6AWE #"![-6\]UV1-^_$5]3%BA6WE$53$%D' !PQ6ABA][-6A` UV1-."!.E,-WE1- 

FUVD',0C%,[UVD',0C4%.V6A*T[-3$%10[4%LM$5&I 3%C5,-$C?D'1-BA6AJKLa%$56WE$53UV1-.V ! !]7 3%[01-NK I
b L$%35WEBAL I 6 24%35./ ! 3%JK #BA[-6"!UE !./1-$5&WE$53%4%L6A" 7 3%./&-*=3%FG1-BALM]4%LM$5&$%10[-NK I 3%C5,-$

"!6 IcI  #$%DE6A6d 3%354%DE1-NK #BA6AHUV1-.V ! 23%45"!6ANKUV10$%&-"#H45,0UV !$WE$533%JK #BA[0,-]JK !B\$%DE1-.V&-B\,-^
$%35WEB\,-^UV35"!$%1-$53%WEBA3$%10[-NK 1C?D'1-BA6AJKLM]BA6ANKB\^_^6Fe #DE`\BA^_^7 3%.E,-WE6A$5&

BA1 I7 3%*=Fe35./H- !$67 1-D'1 I  !$5DE3%FBA1-"6ABA$5 !DE #"#,-^_PQ6A`Fe10DE6A1-JK6A6Fe35* I 3%NKB\LM 
3%C%DE1-BA6AW'6AFe1- #$]3%45./1-"!$567 DE6\BA1-UV./ #NK6A$3%BA1WE$53Z 1-[0$%]$%35$BA #6A*TFe #"!$5BA3%]

@]8[-353%DEUV6AB\1-$%1 I 67 3%.VH-DEBAL I 6"$%35WE[-6I  !"#$%3 7 35./3%NK #BA6A $%35WEBA3% `\3%$5H6

$%D' !PQ6ABALf 3%g3%$5[-DELM$%35gI 1 3%45S7 3%.V3%Fe6ABh,3%453%*TB\1-WE1- #$i UV #"!&

DE #*=,-.V&-$%1-$53 I (
"89: 2;<=>?2 :5@ ]F6ABA$5 !C?D'1-.V,Fe$53%DE3 I ,[-3"!D' !UVBA I3$% #3%DE I ,7 DE6 I  #BA6A$%&I 3%NK I

I L]F*TB\1-[I  !BAH0 !$BA [-10[j 1-[89: 2;<=>?2 :5@ 2,-D'1-FeBA #BA6Ag6ABA$5 !C?D'1-./&-BALM`
DE #XY !BA6AHBA #3%4%`\35UV6 I 3%"#$%64% #*6ABA$5 !DE #"#,-^_$5]BA1-"[-35$%3%DELM 7 1-D'1 I  !$5DE3%Fe]

Fe"# !`UV./H3%JK #BA[0,JK !B\$%DE1-.V&-B\,-^$%35WEB\,-^UV35"!$%1-$53%WEBA3$%10[-NK 1C?D'1-BA6AJKLM]
BA6ANKB\^_^6Fe #DE`\BA^_^7 3%.E,-WE6A$5&I 3%NKBA3WE$537 3%[01-NK I ]I Lj  7  !DE&

6A$% #DE1-JK6\H I 6 2WE6A"#./ !BAB\3DE #XY !BA14%LM$5&I 3%NK #$
89: 2;<=>?2 :5@,-D'1-FeBA #BA6Agd 6A"!$5 I 1$%D' !PQ6ABA3%g 2BABA35g 3 7 D' !UV #.""!FGH-*T10BABALM`[-353%DEUV6AB\1-$%]

7 3%.VH-DEBALM`"!6\"!$% I  ./35[-1-./&-B\3%gF" 7 DE1-Fe #UV./6AFG3,-D'1-FeBA #BA6A $%10[-3% [-10NKUV3% 
WE$53i 1 I  #$%6 I ]289: 2;<=>?2 :5@$%6 7 1,-D'1-FeBA #BA6Ag<UV3 7 3%./BA6A$5 !./&0BALM 7 3%.E,-WE6A$5&WE$53%4%L

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

283

dd),(4=

¨¨¨

¨

,d=

¨

(4.10.6)

.
)]cos(2+[

+

),(
d

d
4=),(

¨

aHV

S

V

S

rR

SwV

kV

rrar

Va

xxx

x
Hw

Sw

n

φρρ)ρ−(φρσ

φ

φ−φρ−ρ)−(π

)ρ−(

φρσ
ρρ

)ρ−(

ρρ

)ρ−(
φρ

−

k?l!mnopq!r9s!tnuk?tnoGvwl#x5y!k?tnuz?tn{|noG}+~K�?k�Tr�l#�?vwtn{e}+u?�+|����?�� xe�0r9s!�?}��� ���

L

1/22

1

2

0

1

0

2

1

kk

S

k

1k1k1k

221/2

1

2

1k

2

k

2

1/22

1

2

012

0

1/2

0

22

00

0

1/222

1

1

�
�

�
� �� �� �

�

��







a

xa

π

ρ

k

k=2

n

Σ



 !"#$%&'()*+,-./*+ 0123'()*+,-./*+ )42567 $%89 :&;< 7 31=;&

 :> #?@AB <CDE"
8? 7 > 7 <F # > #?GH#?@A# < BCIJ # > #?K31DL>M&;N # < BO#P =!3 B 31&!Q # <C 4< 7 #F 7 QRS;J B  4TG 7 NU< 7

=;&!=<C&;FO> I N # < BCV= 7 <CW # <C 4>R&;W BCB= 7 P:XOXOB W BO# <C Y FC> # $ # Q I!I
<C&;8 +B <C # > # 89S;Z @ABC[FC&;>M& GH#  4> 7 31\318 #?[

$%Q I]*>M&;< B WUD< B NU<OZ^ZB3 # > [ <CZ^ZF 7 QRS;J B  4TJR 7:_ DK <O&;J # < BCI \GHB < BCG &!Q`T;<CD #
BG &;=;8 BCG &;Q`T!<CD #BC[B 89F 7 Q`T K 7 3a&; :T318 # ]*$R&G 7 N #9GG D< #9BCK 3 # 8? 4<CDL\

B\= 747 >R$ B <O&; K <O&;J # < BCI 7 JR<CD #bc7  IK &!$%&;J B +> #9de# < BC#F 7 Q%< 7 # #$%&
'()*+,-./*+ f123<C& K &;$F 7 $R8? :&!< 7 31=!&g [+< #9BCK 3 # 8? 4<CD [7  4< 7 8 B  # Q`T!< 7> #9de# <C&_ DL 4T
G 7 N #  = 7  7 >R& IS;>M&;31< # < BCV \&;Q`] # _ >M& B J # 8?= BC[Q B < #9V <CD [8 B 8? #9G S7 = 7 <CJR&! # Q`T!< 7

7:_ # 8?F # J B 3a& #   :> #?@AB <CD=;&!NU$ 7 VFCQ 7 @ &;$ BF 7S;>M&;31< # < BCV-7 89 :&;3 deBC[ 8 I
g <C # ]*> B > 7 31&;< BC#31&!> B &;W B Z +3 7 KhG 7 NU<iS;Z7 ]:>R&;< B J B 31& I7:_ >R& K 7 G :&!= BCG

\7:_ Q`&;8? BFC> B <C&;$%Q # N B  = 747 >R$ B <O&; :& GHBF 7 Q I >R<CD GHB8 7 JR=;&Y F I  4T;\

> #9K S;Q%T; :&; 7 G "88?> # $%< #9G \7 # 7 > #9G S7 F I  :TB 89F 7 Q`T K 7 3a&; :TG 7 N #9Gj D

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

)cos(2+

dd),(

2

1
=)(

¨

(4.10.9).
)(

),(
lim

4

1
=)(

,)},(){(lim=)(

¨

(4.10.8)

.sin
2
+dd),(4=

(4.10.7)

.dd),(sin
2
+

284

aa

a

a
k

a

w

H
k

ak

r

V

n

n

S

V
a

a

a
aHV

w
a

a

a

φ−φρ−ρ

φρρφρσ)ρ−(

√π
φ

ρ−

φρ

→πφ

φρσ−ρ
→

φ

ρφ

−

ρ

ρ−
)−ρ(πφρρ)ρ−(φρσ

φρρφρρ−
)−ρ(π

k`l`m`nopeqrsm`tuvwqLpexymxzwl`pu{|}~�um`q�pu���M{Uvw�yv

011

22

001
1/22

1

2

0

1

0

2

1
21

1/2
k

k

k

k

k
1/2

k

k

k

k
1k

1
-1

1/2

1

2

1k

2

1
1/22

1

2
1

0

1

0

2

1

k

1
-1

1/2

1

22

1

S

�

�� �













a

a

a

ikikik

a

π

ρ

ρ

π

k=2

n

k
k=2

n

Σ

Σ



 !"#$%&'()* #+, !-./. 012

345 )'678'(9 )*/4-./.6:;<=>$
"!?*8<@*;<AB%$ 5 6CDEFGHIJKLGH MNOP )*; C -. !-4/.QR  !-4$%)*;<6:/ H/ 26: !STU'8)*;<"#"!$ 5 Q<-./. 

5%VW5%X -4;<@*;< #$Y 8<"#$%&" 5W5 $ C  !$%"#$ C  #-.- 5 H/UZ; C ?[ !-4/.Q- 5 )'6:;<?[&<- 5W\G5
5 U*- 5 ) 5 UZ- 5%\G5UZ #A."!$ C /. !69 5 U/)*;<U*/48<"#;<6:/"$%)' !]^/.-_ )'8 \ ?[` 2
_ 5 9 ?[;<-.;a)*-.` 2U C 8 2"!?*8<@*;<Ab ;<"#"!6 5 $W)*/.6H

\ )';<-./ R ` H
@*;<"#$%/C U 5 ?[&-.; 9 )*Q<ST #-./.A_ 5 - R  !-.$W)*; R /./_ 5 B 343 / R /4 !-.$%;8<6: #-.&<+, !-4/. 5 9 /4"!` C ;a=>$
5 -./_ ; _$%; _-. 9 )*; C /.?[&<-.`cd)* X 8<?Z&<$%;<$W`
@*$ 5U 5 _ ; X ` C ;< !$Wde $ 5UZ; C ?[ !-4/. !6 HST $% #69 5 U$%)' !]^/.-.`5 U*/.- 5 _ 5 A-.; 9 )*Q<ST #-./.A

_ 5 - R  !-.$W)*; R /./_ 5 B 343 / R /4 !-.$@* #6V%5 ?[&<+, !dC "# \ U*;$%)' !]^/.-_ 5 9 ?[;<-.;a)*-.` 2
C X ;</.6 5 U* !A."#$ C 8<=,]f/ 2-.; 9 )*Q<ST #-./.A_ 5 - R  !-.$W)*; R /./_ 5 B 343 / R /4 !-.$@*$ 5DEFGHIJKLGHIJKLgO d

/ Xh "!- 5$%)' !]^/.- HC X ;</.6 5 U* !A."#$ C 8<=,]f/ 2C ?Z/.Q<-./. 5 $W)*;<ST;<=>$@*?[ #-.`5 "#$%;<?[&a-.`c 
d-.; \ )'8 X _ 5 A- 5 )'6:;<?[&<- 5 A9 ) 5 / X C 5 ?[&<- 5 A5 $ _ )*` C ;a !6 5 A$%)' !]^/.-.`cd5 U*/.- 5 _ 5 A

-.; 9 )*Q<ST #-./.A_ 5 - R  !-.$W)*; R /./_ 5 B 343 / R /4 !-.$9 )* #UZ"!$W; C ?[Qa !$DEFGHIJKLGHIJKLgOC@*?[ #-Y  !) C `cA
$%)' !]^/.- HJ5 "#$%;<?[&a-.` 2UZ?[QC ` C  !UZ #-.`V `c$W&6 5%\ 8<$C `c)';<ST !-./4Qi -.;<? 5%\ /.@'-.`c 

9 5 ?*8<@* #- 5 (V `c$W&6 5 ST #$-.; 9 )*Q<ST #-./.A_ 5 - R  !-.$W)*; R /./_ 5 B 343 / R /4 !-.$%;
UZ?[QC `c)';<ST !-./4 "!?Z !U*8<=>]^ # "!)' !UZ-. #6:d5$% 5 )* #6785 9 Qa$%&0 " 9 5 ?[& X 8<Q

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

285

.sin
2
+

3

8
=

,sin
2
+

3

8
=

==

(1983)MuraandMastrojannis

(4.10.10)

.
)]cos(2+[H22

+

)cos(2+

dd),(

2

1
=)(

.
)]cos(2+[

dd),(

22
+

a

a

a
VHpaV

a

a

a
VHpaV

lpp

aa

n

ararar

Va

aa

a

a
k

aaa

w

H

a

ρ−
)−ρ(ππ

ρ−
)−ρ(ππ

σσ

σ

−

φ−φ−)−(π√

√

φ−φρ−ρ

φρρφρσ)ρ−(

√π
φ

φ−φρ−ρ)−ρ(

φρρφρ

π√

√

jGk!lmnop!qEr!smtjGsmnNuvk#wWx!jGsmtyGsmz{mnN|}~T�Gj��q�k#�Guvsmzg|}tG�}{����G�� wg�aqEr!�G|��� ���

21

2
-1

1/2

2

2

21

2

2

122

3
2

12

1
-1

1/2

1

2

12

2

1

211

3
1

2211

1k11k1

2

1k

21/2

1

2

1k

2

k

3

1

011

22

001
1/22

1

2

0

1

0

2

1
21

011

221/2

1

22

00k

S

3

1

��

�













a

�a�[�o���v�v��1� ��%�� �[�v�^�N�

π

k=2

n

k
k=2

n

Σ

Σ



 !"#$%&'()*+,-.*-/01234"#&'5#*-/678//0 9*-/019/6 !*-/078/ !(:;-<)=0$%,-()3>-/0 =012()?@,-*-A,-BC/0&',-19/6$D"#*+*-/0;
 !&'.*-"#>+19.#EF(:*-,-;G#/6*-HF()*-=619"#HF,-,G#/6I0J+J+,-HF,+()*-=6K<)/6/0=0$%()=0<:=0$%KL()=78 9(

*-"#>+19.#EF(:*-,-;MNG#/6*-HF()*-=619"#HF,-,
G#/6I0J+J+,-HF,+()*-=0" !&'.$DAO12"#EF()*-,+(<)&!() 9K#PQ?@(:(=( !"<)12() !*-(:3/=0(:/019(:34A
,-<:>-/0&'5#BC/0$%"#*-,-(,RST8UVWCX8UVWCXDY$RST8UVWCX8UVWZ[\Y] /0 !<:=0"#*+/0$DG#"I0*-(:1978,+P U,-^K#$%()&',-_2,-$D"#(:=

=012()?@,-*$DBC"#,-34/0 9();-<:=0$D,-(_9=6/RST8UVWCX8UVWZ[\Y`a,-B.#<:*-/b =0"L*-/0$D,-=6<).,-34()*+*-/ a
"3cK a(/0d6e((>-19/6>-/019HF,+/0*-"#&'5L*-"=012()?@,-*-AI0*-(:1978,+. !"#$%&'()*+,-. a/0 9*-/019/6 !*-/078/

<)&9K#_9"#($_9=6/f "L3g(:=0,-3 a,34()EF 2K,-*-=6()19$%"#&'($Bh"LG#&'PQ_9(:*-/
,=012()?@,-*-A a/0 9,-*-/0G#/6;34"(/0d6e>-/0&!/0$D,-*iK/0d6/0Bh*+"#_9"#(:=f  !(:<)5

=0/678 !"()<:&',,
G#/678 !"=012()?@,-* a19"#$%*-AO^<)&9K#_9"#($K#>-12/0?@"#PQ=0<:.T8U j0UVWCkDYRST8UVWCX8UVW6Wl /0123cK#&'A

=012()?@,-*-"#34, U34()EF 2K$DBC"#,-34/0 9();-<:=0$D,-;d0&!,-BhG#,+^
 !/6$D/0&'5L*-/ !&'. !"#Em(19(:no()*-,-(=0/6_9*-/0( !/6<)=0"#=6/0_9*-/=( !"/0HF(:*-G#"HF()*+=019"#&!5#*-"#.

_9=6/>-/0GL"#EF()3 ap A<)/6/0=0$%()=0<:=0$%KL()=G#/6=0/019"L.a
19"#<:<)34/0=619,-3=0"LG#EF(p A=0/6_9*-AO3 U*-"#,+3g(:*-()(.#$%&'.#()=6<).=012()?@,-*19"#$%*-AO^

 !$\K#^<)&9K#_9"#;_9=6/] /0&!KL_9"#(:=0<). aK#BCG#,-34, Ud0/6&'()(/0HF(:*-G#, !(:&'"#./0d619"#BC/03=0"LG#,-3
=012()?@,-* YSa*-(:19"#$D*+Aq^<)&9K#_9"#($R =0/0&'5LG#/ !&'.Bh*+"#_9()*+,-; !/6>+K#<)=6,-34AO^,-*-=6()19$%"#&
<:KLEF"#()==0/6EF !()<:=0$D/r =0/=0/6EF !()<:=0$D"<)>+19"#$D(: !&',-$%/0<)=65=012()d6KL()=
G#/6=0/019"L.$DBC"#,-34*-/6<)=0, a=0(:/019(:3cK,-<:>-/0&'5#BsK#.<)d6&',-EF(:*-A ad0AO=6534/076K#=/0HF(:*-G#,

r =0,,>-19, !/6<)=0,-70"#()=6<).7812"#*-,-HF"*-,-EF*+.#.
,<)/6/0=0$%()=0<:=0$%KL()= !&'.7812"#*-,-HF"t ()12^+*-.#.

,,34()EF 2K,-*-=6()19$%"#&'($*-"#^i/0 !,-=6<).f  !(:<)5

78 9(

/2=

(4.10.14)

,
]cos2]}[1+sin)(16[)(1{3

2
+1=)(

¨

.=

¨¨

.+

¨(8/3)=

(4.10.13).sin
2
=,

1
===

,==,==

¨

.==

.=

.+=+=;=

=.+

,+

(4.10.12)

.sin
2
=,sin

2
=

(4.10.11),
1

+

3

8
=,

1

+

3

8
=

286

apK

KK

pVW

W

alal

pHaV

a

a

a
c

c

V
VVV

pppaaa

l

acac

alalal

alValal

alal

a

a

a
c

a

a

a
c

cc

papac
HV

cc

pacpa
HV

π√

φε−εεε−−ε−ε−π
εφ

−
ρπ

ρ−
)−ρ(π−

−

ρρ

ρ

ρρ−ρ
−ρ≤ρ≤−

−ρ

ρ−
)−ρ(πρ−

)−ρ(π

−π−π

uvw-x\ymz%{w-x%yM|}~F�6�+�Ly'{2�

�'�'�'���o����'���M�O�o�v���M�'���m�����'�q�����2�F�M�v�

0

2-11/221/22

3

0

3
0

-1

1/222

0

21

2121

2112

1

3
212

3
12

121212121

2121211

22

21

2
-1

1/2

2

2

21

2

2

21
12

1
-1

1/2

1

2

12

2

1

12

2112

22

3
11

3
21

2
2112

22

3
1211

3

1

�
���





























 !"#$%&'()"#*+(*+ ,-.()/'*+-012

345 "#6%78*+9"+(:;+/'()/ 2<= " 2>?6%@A$BC)C)(
=/'$%C:C)DEFGH%"+*+(FG;+/I()JK(:@A*+-012FG;+(:/'$%DEFG/'FG-LMC)N8*#-.$%OPQL*+-H = @AH%()DEC)HRST MUV,WXMUV,YZ[

FG;+(:/'$%DEFG/*+"+DE()\X/I$%@A]%" 2 9&'DEFJKFE6%$% ,$%DG]%^JKFEC)DG$%DEFG&'"+F_ $%"#$ ? $%^DG(:FG/'(:-.(` FG\G@A$%C)"#F

FG;+(:/'$%DEFG/'$*+"+DE()\X/I$%@A]%"+FE\XF$%"+$B@A*+ !$-(; 5 D
"+$%9#JK()"+FaG2 DE]-.FGN8(:D !"#$%&'()"#*+(b /'(:JK()@A]B"+FG(Mc6a @K*+ !6%* ?FG&I()"+]JK@AH

/'$%C ? FGJ'*+DG]%C:H-.FGN8(:D*+DG(:/'$%78*#*;+/'FE78()J 5 /'$C)@K()JKF = $%DG(:@A]%"+F6%FE\XJK$
;+/'*C)*#"+\ 5 @AHB/'"+FGC:DG]@AFE\X$%/'* 3 -.*+&'()C:6 5 O*+-.()(:DRST MUV,WXMUV!de[=f "+DG(:\X/'$%@

;+(:/'()-.()"#" 2 (eg"+F =e2 (=Z= ()@A*- 2h JK(:C)]

*+DG(:/'$%78*#*ig
;+/'FE78()J 5 / 2JK@AH=Z2 /I$%N8()"+*#(5 JKF a "+FE(D(JK$RST MUV,WXM T [=RST MUV,WXMUVjkl[b FGJKC:DG$%"#F = 6%$

M[^R-("+$% ,F =012DG/I()QL*+" 2 M*+ ,FG@A*+/'F = $%"#"+FG9
"+$%;#/'H%N8(:"+*+96%FE"+78()"+DE/'$%78*+*6%FEm 3#3 *+78*#()"+D 56DG/I()QL*+"=  ,$%*+-.FGJ'()9+C:D =e5 OnQo* ?
"+$%;#/'H%N8(:"+*+96%FE"+78()"+DE/'$%78*+*6%FEm 3#3 *+78*#()"+DG$FGDE"+FGpn()"#*+O/'$ = " 2

[^Rh "+$B&'()"+*#HDG/I()QL*+" 2 M*+ ,FG@A*+/'F = $%"#"+FG9JK@AH !"#$%&'()"#*+ON8(DGFE- 56DG/I()QL*+" 2
;+(:/'()-.()QL(:"+*+HFGDE6%/ 2>= $BOPQL()\XFFGDE"+FGpn()"#*+O/'$ = "+$FG"+$6%$B6DG$B6^

"+$% = $%"#$aG2 DE]-.FGN8(:Dq "+$345 "#6%78*+HIM"+(:*+ = (:C)DE"+$%H;+FG6B$\XJ'(

3 FG/I-.(eg=DG/I()QL*+" 2C)DEFG/'FE";+(:/'()-.()QL(:"+*+Hb FG@AFEN8*+-3 FG/I- 5 @#M
"+" 2>?(;+/'* a @A*+N=Z2>= ()JK(:"+" 2>?DGFE&'"+FGC:DG]FG78(:"+*+DG]&'DEF aG2/'(:pn()"+*+(:^&'*+C:@A()"+"#FG(
DGFE&'"+FG(" 5 Nr"+F"+$%-s ();#()/']6%$B6FG;+/I()JK(:@A()"+$FG78(:"+6%$78()"#DG/'$%@K]%"+$%H

*C)FEFGD = ()DGC:D =e5 ()D\X/I$%"+*+78$"+*+N8"#H%H6%$B6DGC:H(JK$
"+$%;#/'H%N8(:"+*+96%FE"+78()"+DE/'$%78*+*6%FEm 3#3 *+78*#()"+DG$JK@AH\X/I$%"+*+78$= (:/ ? "+HBHh JK(:C)]M

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

287

)|.,(),(max|=)(

(4.10.17)

.
]cos)+2(+)[()cos2++(

dd
1

=)(

¨

,20,=

,=

].)sin/[(sin=,)cos2+(=

(4.10.16)

.
)]+cos(2++[)cos2++(

dd
1

+

14=),(

¨

¨

(4.10.15)),,(4=),(

¨

./=

),+/(=),/(=¨

fff,f

ralralalrrl

rr),f(rra
fZ

lal

al

alr

rllr

rrrralrrl

rr),f(rra

aHpw

af

af

f

faHpw

la

alaala

p

φρ−φρδ

ψ−−−ψ

ψψ)−(

π

→ψ
−

φρψφρ−ρ

ψψ−ψ

ψψ)−(

π

)ρ−(φρ

φ

φ

φρ)ρ−(φρ

ε
ε−ε

tuvjwAxByz{G|X}G~'�l��tZxB�� wI�B��{,��{ly

tuvjwAxByz{G|X}G~'�l��tZxB�
�P�'� ����x'}G~

�X�)�u�l�)�S�)�u��X�u�e�r�:�E�)�X�u��X�u��u�e���8�X��!� �:�X�r�u�Z���X¡��j�j�X¢£ �Z�B�S�)�X�¤¥¦ § ¨

11

000

221/22
000

22

0
1/2

0

22

00

2

2

-11/222

000

221/22
000

22

0
1/2

0

22

00

2

2

1/222

1/222









0000
a

0000
a

π

π



 !"#$%&%'()*+,-'./0123 4()*!"256'2301%'-'75*8019:%'()*%'#$;&73-<=23>?*/7@ -'73#:73*80"9.
 ABC#$-'<=23!,*8;'./73 A-'D:<=EF 0"-'BGH$-&<%'#$- F 2301*/*H2375%'23.8D:IJ*8;'./D73# F 01-'K?*/;'EH$25L,2373H:23;23!,%'23;

BG!,*8.8923M3L,#$%'-'+N-' A#$*/<=.8DO (PBG%&#$+,*8%&-';L,#$BC01-'+N%'()Q!"01D
 6'L,*/!".875#$ A01*/%'(RES ABC#$-'<=23!,*8;'./73 A-'DTUV %&H$K?-'- A()+N-'.801*/%'-'DW *8B V 019:73#$73(

73LN*8IJ-'%'#$<=- P
<=*8>?! VL,#$./.87523D$%'-'D<=#$0125MX26'L,25-'BG 423019$%&2!"01D.8QU23!"-'75.8D73*/23L,*/73-'+,*/.8H$--'73*/L,#$K?-&;

6'L,25K?*8! V L,#+,752-'./H$01YZ+,*/%'23E%'*!"25H$#$BC#$73*80"9$.875 A#$E.875L,23M323MX2-'<=*8*/<%'*<=(
[ 2373DL,# F 2373#:739 P6'*/L,*8./73#$01#6'L,25.8732-'%'75*8MXLN#$0123 4E A()+N-'.801*/%'-'D!"01D-'./6'23019$BC23 4#$%'#
F ()01#H$257323L,#:DF - F 01-'2375*8H$--'B6'L,25MXL,#$<=<=#.875#$%'!"#:L,73%'#:D
+,7526'237523< V E#L,#$./Q&23>?!,*8%'-'D:E-'BG\]BG#%'*%'2+,*/<F 0"-'>?*8E!" 4-'% V 739:.8D

.8<=25MX01-%'*O (P^C_+,*/<<=*8%'9:`a*8E23`a- F H$#2375%'23.8-&73*8019:%'#$D<=#$H$./-'<=#$019:%'#$DH$#:H
73#:H7325+,%'#$E6'L,#:H$73-'+N*8.8H:-!"01D-'73*/L,#$K?-&D6'*/L, A#$Db #$6'L,-&<c*/L,E73LN*8IJ-'%'#$<=- P

<=*8>?! VL,#$./.87523D$%'-'DV  4*801-'+N*8%'-'*/<.V 0 V +,`a#$*/73.8D-'73*/L,#$K?-&-6'*/L, A23;d 23+N%'23.8759
P^C_+,*/<

<=*8%'9:`a*8E23`a- F H$#2375%'23.8-&73*8019:%'#$D<=#$H$./-'<=#$019:%'#$DH$#:H73#:HL,*/`a*8%'-'*/<=E7325+,%'()<
6'L,#:H$73-'+N*8.8H:-.8+N-'73#$759$.8D<=23>?*/7-'73*/L,#$K?-&D`a*8./73#$D-e5f E+,*/<<=*8%'9:`a*8E23`a- F H V

2375%'23.8-&73*8019:% V Y<=#$H$./-'<=#$019:% V Y-'<=*8*/7^.-'73*/L,#$K?-&D6'*/L, A#$DF ()./73L,2Xg.8QU23!"-'75.8D
-L,#$!,- V ./# R E-'Q_ P _5_A_XhL,#$ 4%'273LN*8IJ-'%'#$<=-<=*8>?! VL,#$./.87523D$%'-'*H$L,#:73+,#:;'`a*8*

H$25MX!"#.80 V +,#$YZE.8252373 4*873./73 V *87S +,732!"01D!"#$>i*.8QU23!"-'75.8D-'73*/L,#$K?-&-
6'L,25K?*8! V L,#+,7526'23H:#$BG() 4#$YZ73E A()+N-'.801*/%'-'Dj L,D$<=()*MXL V$F 23; PD$ 401D$*875.8D23K?*/%'H$#

k ()`a* V H$#$BC#$%'%'#:D ABC#$-'<=23!,*8;'./73 A-'Y PF 0"-'BGH$25< V!"25 A23019:%'2.8252373 4*873./73 V *87H$257323L,();
!"01D.8QU23!"-'759$.8DF5V !"*87-'73*/L,#$K?-&;6'L,25K?*8! V L,#+,75223BC%'#$+,#:*873El 752-

*8./01-236'*/L,#$7523L,23<=E.8>?-&<=#$YZIJ-'<F5V !"*87Smn P ^C_ P ^Co R236'*/L,#$7523Lp %'73*/MXL,#$0"9$%'();

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

.2.0005=

1987g)(Fabrikant,

IMSL,DBLIN

,2.0005=

10=

2.0005=

,2.18>

,1<
])[(

2

.
])[(

)(2
<
])[(])[(

d)(2
<

]cos)2(++)[()cos2++(

dd)(

]cos)2(++)[()cos2++(

dd||
1

=

)|()(|

288

al

l/a

f

al

l

f

al

al

aal

a

aal

f,fa

ralarl

rrraf,f

ralralalrrl

rrraf,f

ralralalrrl

rr)(r,f)f(r,ra

fZfZ

φρ

≡

−−π

−−π

δ

−−−−

)−(
π

δ

ψ−−−ψ

ψ)−(

π

δ
≤

ψ−−−ψ

ψψ−ψ)−(

π

−

q1r1s1tuvawxys1z{|}w)va~�s~�}r1v{�i���{s1w�v{���N�?|}��|

1/222

1/222

1

21/222

1/222

0

1

221/2222

1/222

00

2

2

1

221/2222

1/222

00

2

2

1

�X�

�X�

2

a

a

1
a

π

π



 !"#$!%&'()*'(+(),-./012 '(+(-
3456789:;67 <=>?,0@A6B $ ? ' 0'($)01C "#) 2 ) BD1EFG@H- 01I ) GJG "#),K.+(' E0 G@L " EFG 0@M-N$)0 D@O

2PBQR01S )*' L $T ),' G "U$ B H '($ R72 $!% B ),'V+(),-012 ' 0 " 0@2 ' E -0 G@L " E %&$WX G ?,RY "U)*K.+(' E
7"U$!%=' 0G "#),K.+('?,0@? ) 2 '(+(ZS ),' G "U$!-N+-N) I[2  "U$ ?*? G 01R '(+()+\"U$ 2 +V ?+(-N),) G

G "#),K.+(' E]  ? G1H7
C $!"#$!-N) G " 0 % 7% ? ),Z

2PBQR01S )*' L  S ),' G "U$ B H 'V !XG 0@B H!L 0"U$ ?*? - 0 G "U+(-- EC "U+V-^)*"U$!ZC(01?*B ) 2  !X_K.+(Z
`? ) L S +(+ 7?,B ) 2  !X_K.) M%2 ) G $ BQR Z%0 D ?  I[2 $!) G ?,R+B  !a#bc) \'($!-N' 0@A603456789:;6789def>

?,0@0 G %=) G ? G %= WX_K.$ RG "#),K.+(' E \g '()*" A +V+01S )*' L +S ),' G "U$ B H ' 01MY 0 a#' 01? G@H9:;&hi7
0 L 01BQ0?,0@? G $W% BQR ) G"U$ 2 +V ? $ >+(Z0 G;67 J"U$!%=' 0G "#),K.+('($!-N+-N) I[2  3 "U$ ?,? G 01R '(+()

2PBQR'($ C " R!I )*'(+ ML 0 ' S ),' G "U$ S +(+L 0@g1jVj + S +V),' G )%0 bc+ D@L $-N$ L ? +(-N$ B H '($ R
'($ C "U+(-N)," \\ !-N)*' H bc),'V+(),-? !Zk 2 bc$!) G ?,RD1E ? G " 001S )*' L +S ),' G "U$ B H ' 01M
Y 0 a#' 01? G@HjV0 "#-l B EC " 0? L $!mn$W' 0D1EFG@H- 01I ) G? $W- 0 )

I )Y 0+(' G ),"U) ? 7C "U) 2P? G $!% BQR X_K.+(ZC $!"#$!-N) G " 0 %2PBQRA "#$!'(+ S  '(+ I 'VX_XG 0 aU' 01M
LD B +(m L  WX0 a#),' HG "#),K.+('2 %f !Z?,B  !aU$!)%2 $!%=$ R0 D "U$!m 0 -G $ L +(-"U)*m: B H!G $ G $ \

G 0 aU' 01A10'(+ I )'() ? L 01B H!L 0% ? ) A62 $01S )*' L $S ),' G "U$ B H '($ Ra G 0mn$W-N) G + G@H \
G $ L I )o 01I ' 02PBQRJ@hC "U)*% E bc$!) G'()3456789:;6789:5&>?,0@0 G %=) G ? G %= WX_K.) M

01S )*' L + \S ),' G "U$ B H ' 01M0 bc+ D@L $p G ' 0@? + G ) B H 'V$ R2PBQR9:hG 0 aU' 01? G1H
+(-N),X GjV0 "#-l B Ea G 0 ? G $!' 0 % B )*' 0 \qrE BQ079:;C "U)*% E bc$!X_K.) M

'()0 bc+ D@L 01M0 G ' 01? + G ) B H ' 01M??,2 ) B $!' ED1E B +% E a#+ ?,B )*'(+ R` ? )'($ A "# !m L + 7
012 ' 0 " 0@2 ' 01MI )G 0@M2 ) M(? G %=+(),-C(012G "#),K.+(' E+(m 01B +(" 0 %&$!'V' 01M'($ C " R!I )*'(+ M

L 0 ' S ),' G "U$ S +(+L 0@g1jVj + S +V),' G  LG "#),K.+('%&m:$!+(- 012 ) M(? G %= !XcKs+VZ'($ C " R!I )*'(+ M
L 0 ' S ),' G "U$ S +(+L 0@g1jVj + S +V),' G $0 G ' 0 bc),'V+()G)2 $56789:;17t9Y $ D B + S )%? G " 0 L $] ),"#%&$ R

? G $ G1H ) 7% E bc)*'($!m:%&$!'(' 01M

289

¨¨

2.2=

(1963).Collins

.2.5>

.2.5>

(1963)Collins

¨

V

p

la

l

l

al

al

u6v,wxyfz,{4|,}x~u6}xy=��v*�@�,u6}x~�6}x��xy=���[�6u�n{�v*�6��}x�&��~6���d�d�6�� �&�W{4|,�6���� ���

��� �x���d�:���� �x���d�:���� �x���d�:���� �x���d�:���� �x���d�:���� �x���d�:���� �x���d�:���� �x�d�d�d�
��� �x�d�@�d���� �x�d�x�x���� �x�x�x�:���� �x���:�d���� �*�=�4�@���� �*�d�d�d���� �*�:�d�d���� �*�d�d�d�
��� �x�d�d�d���� �x�@�4�@���� �x���d�:���� �x���d�n���� �*�d�n�d���� �*�d�n�d���� ���&�4������ ���d�d�n�
��� �*�n�x�:���� �*�:�d������ �x�@�4�d���� �x�d�d�d���� �*�n�n�x���� ���x�=������ ���d�&������ �*�:�d�d�
��� �*�d�d�d���� �*�:���n���� �*�n�&�d���� �x�x�d�d���� �*�d�d�d���� �x�d���:���� �x�x�n������ �x�d�d�d�
��� �*�:���n���� �*�:�d������ �*�n�d�n���� �x���n�n���� ���&�4������ �*�:���d���� ���&�4�x���� �1���d�n�
��� �x���d�:���� �x�x�d�d���� �*�:���d���� �x�d���:���� ���n�x�d���� ���n�@�4���� ���d�d������ �n�d�d�d�
��� �x�x�n�d���� �x�d���d���� �*�:���:���� �x���d�d���� ���n�x�n���� ���@�d�4���� �����n�x���� �x�d�d�d�
��� �x�d���d���� �x�x�n�@���� �*�=�4�d���� �x�d�@�4���� ���x�n�x���� �x���n�d���� ���d�=�4���� �x�d�d�n�
��� �x�d���n���� �x�d���=���� �x�x�n������ �x�d�x�n���� ���d�x�:���� �����:�d���� �x�@�4�x���� �*�:�d�d�
��� �x�@���n���� �x�d�d�d���� �x�d�x�d���� �*�n�&������ ���n�d������ �����n�n���� �x���n�d���� �x�d�d�d�
��� �x�d�d������ �x�@���:���� �x�x�&�4���� �*�:�x�&���� ���n�d�x���� ���n�d�x���� �x�@���d���� �@���d�n�
��� �1���d�=���� �x�d�d�x���� �x�d�d�@���� �*�n�n������ ���d�x�n���� ���n�x�:���� �x���:�d���� �x�d�d�d�
���:������:����4�d����n����n����:������

�&�@��n{�v*�6��}x�&��~6���d�d�6�� z,u6|,���W���� ����� ���  v,¡d�@�6�#v

¢W£

¤W¥Q¦f§¨©�ª«W¬ ©rª�#® «W¯#°±²¥Q³ ¬´ ¦=µ=® « ª�¦f¶Qª °±·¸#¹º ¥Q©�».¦=¥

φρ

al 2.0005=



 !"#$!%&'()*'(+(,!-.+/012%3 !-.,')456 "#)712)*895:;<=>- 45? ) << "#)7@A+(' :-)4 9=B4 <=C " : %&$DEF@A+(G
H + H < )*- :;IH +J-K-.) < "L+(+M 8N$DO 4 12$D"L,6(4 82+(O 4 'J$#P%&)*"LQR+('($DS%"L$ H*6(4 8 45? )7'(' : S
< "#)7@A+('%&'J < "L+12)*G H < %3 !) <12$!%T8N)7'J+()4 1L' 4 " 4 12' 4 )+< "#)7@A+('J IUV)7' < "L$!8 > 'J !E

4 <=C " : %&$D) <12$!%T8N)7'J+()4 1L' 4 " 4 12' 4 )W  H <5>%&)*"LQR+(' : P)7O 41 46(4 82+(O 4 'J$
UV)7' < "L$4 <"L$ H*H < 4 ,!'(+()) H <5>W  H <5>6(4 82+(O 4 'J$#P%&)*"LQR+('($DS%"L$ H*6(4 8 45? )7'(' : -.+

UV)7' < "L$!-.++(SHI"L$!1L+J H $< "#)7@A+('($!-.+'('J DE)4 C "# ?6(4 82+(O 4 'J$ I
6 "L$D%&+(8 > ' 4 O 4UV)7' < " 4 -HH74 % 6 $!1L$!EF@A+(-UV)7' < " 4 - I))HI"L$!1L+J H $< "#)7@A+('J 

C "# DOX82 DEY $ H*H - 4 < "L+(-P
< "#)7@A+(' : P+(Z 4 8N+(" 4 %&$!'J' 4 G

'($ 6 "L, ? )*'(+(GC 4 '(UV)7' < "L$!UV+(+C 4=[5\J\ +(UV+J)7' <"L$!' > QR) I+C $ C4 9 4 Z]'J$!^L$!) <5IOX1L)

C $ C')456 "#)712)*89  D12) <'($ 6 "L, ? )*'(+(GC 4 '(UV)7' < "L$!UV+(+
C 4=[5\J\ +(UV+J)7' <% : "#$ ? )7'(+J, I6 "L)*1 : 1L !@A)*O 4H 82)71 H < %&+()6 "L,D- 4 )C $ C+ I

_`a PbcdeXP f&g
H74 OX8N$ H ' 4\J4 "#-h I6 "L+J-K) << "#)7@A+(' :6 )*"L)7-.)7@A)*'(+()i <5C " : %&$!EF@A)*)< "#)7@A+(' : P

+(Z 4 8N+(" 4 %&$!'J' 4 GH 8L !^L$!,128N,"L)*Zd !8 >!< $ <H74=4 < %T) < H < %T DEF@A+(G) H <5>OX1L)

"L)*Zd !8 >!< $ < 4 -A0H

¨¨

¨

¨

,
]cos2)2()(+[)(

)(+

2
+1=)(

¨

,
]cos2)2()(+[)(

)(+2
+

4=),(

(8/3)=

(4.10.18),

sin
(

4
1

=

,sin
(

4
+

3

8
=

290

p

p

l

an

b

K

aklklaalk

kla

pH

V
KK

klklalk

klV

pHaw

HpV

kl

a

)alk

a

V
V

kl

a

)alk

a
VpHaV

φ−−π
φ

φρ−ρ−

ρ

π

)ρ−(φρ

π

−
−π−

−
−ππ

jNkNlNmnoRpqrlNstu/p;oRvwlvx/kNotyz{|}tlNp~ot���#yVu/�wu

c

2441/22

22

20

2441/22

22

2

1/222

0

-1

0

-1

�

























22

22

1/2222

1/2222

3

�N�D�/�|�z�D�N�N�w�t�z�� �D�N�z�D�D�z�#�2�L�z�#��w�� �N�z�A�T�

∞

∞

∞

∞

k=1

k=1

k=1

k=1

Σ

Σ

Σ

Σ



 !"#$%&'()*'+,-'+./,012
345678 /.(9:;"#:;/,<= 6 +.*0>/,?@"#+ABCDEFG%HDE I.H5J43#&K0>0>L; !/ 4 -':;L;"M /,(9-KND-'O

4 L;P92
L;0>"QRS+ABCDEFG%HDE T5J <3Q/.ND(9-'3#:;/+, U"QV1L;: 6 <W "Q:X+, !-'()*':;/,Y8 "# !"Q0>"QV1"#:;L;OZ +,[K 674 -'RSV1L;"

NDP!"

"Q3#+,*U2\ "Q]^"#:;L;"L3Q/./,+ 4 "Q+,3#+ 4 "#:;:;/,<4 "# !]^L;:;-K_
4+, U"QV1L;:L+, U"QV1L;: 6W "Q:X+, !-'()*':;/,Y0>-"/ =.`8 /,()/ 4 L;:a&/ = /,$b:X-'c!-'RS+LNDP!"

291

1)(4=),(

,2=

(4.10.20)
)cos(2+

1

)(4
+

1)(4=),(

.sin
)(

2
=,sin

)(

2
=

,sin
)(

2
1=1,=

(4.10.19)

,
+

3

8
=,

+

3

8
=

).sin(2=

¨

,sin
)(

2
+

sin
)(

2
+

3

8
=

,sin
)(

2
+

3

8
=

bHpw

k/n

llblHp

V

bHpw

l

b

bl

b
nc

l

a

al

a
c

l

a

al

a
cc

cccc

cpacpb
HV

cccc

cpacpb
HV

k/nll

VV

l

a

al

a
V

l

a

al

a
VpHaV

l

b

bl

b
nVpHbV

ρ−φρ

πφ

φ−φρ−ρ−π

ρ−φρ

−
−π−

−π

−
−π−

−π−π

π

−
−π

−
−ππ

−
−ππ

dDeQfghijQkBlQmgndDmghopqe#r.sQdDmgntDmguvghowxy@zDd{bk|e#zDpqmgu5wxnD}xv~{~zD�� r5zKkBlQzDw��� �|�

1/222
cc

k

k
221/222

c
2

1/222
cc

-1

1/22212
-1

1/22221

k

-1

1/22

k

22211

21122211

1121c
3

21122211

1222c
3

c

k

c

k

-1

1/22

k

2

-1

1/222c

-1

1/222cc














































33

3

3

k=1

n

k=2

n

k=2

n

Σ

Σ

Σ



 !"# !$%&'()*+,-&'./0)123
&/()45.'166 ./78/9 .':;,<= !&.= 9 ,->?./&/()@9 ( 6 &/AB17 6CD 1E-F D *+()07GFH06 A 6 ,-7G,<&FH,<IJK) 
"!AB=#L:M !NO,<= !&&/ 0 6 &/ !@&/( 8'9 0)NO,<&/./PK) #&/QO,-&/= 9 ()QO./.K) #R!S'S'./QO.',-&/=7G()F&/,T &

./E<=! !*+&'./K) !:?UNO&/AB:,&/()7E-(V:MAB:0 6 FH0),-=#E-0,,->,6 E8  !1W !NO,&/()$X()7G@=! #: DIJ #7G(
YJZ 8'D "!FH./KV 6 (V&/(.1' !=#0[ =!(V=!L)0FH./=#, 9 (V= D)9 ,CU6./:M,-\]>?./:M.'E-0
E9 ,<$ D FGL)=!()=#A&/()45.E 9 ( 6 &/.'=!L./&/=#, 9 ,<E-&/AB:^ 9 ,<7GE-=!( 6 FH0V,-=!E<0

K)(VK_3$%( 8 ./E-(V&"!AB=#L:M !NO,<=&/( 8'9 0)NO,<&/./PK) #&/QO,-&/= 9 ()QO./.`  !R#S'S'./QO./,<&/=
.abc UdeXfJUde%ghijk6 8/9 ,-7G,<FH,-&/A.IJ7+,

9 ( 6 &/A= 9 ,->?./&/A8 , 9 ,-:M,->?,<&/./0T =!K 9 A 6 ()\]>?./,6 , 9 45./&/ #PlU,-I! E8  !FG./IJ !&'(
QO,-&'= 9E- #,-7G./&'0)\]>?,-PFH./&/.',-P/@EE- 6m8 ()7+()\]>?,-P !E<L)\8  !FG0 9 &/ #P.= 9 ,->?./&/A
QO,-&'= 9 ,6&/()*_()FH !:EK) # 9 7G./&'()=!@8  !FG0 9 &/AB1E-.'E-=!,<:M,FH #K)()FHL)&' !P6E 8'9 ( 6 ,<7GFH. 6 A

6 A 9 ()NO,-&/.'0[ FH,<7 D \]>?./,1'( 9 ()K)=!, 9 ./E<=!./K).lU !7+./&/()K) 6 AB,./:M,-=#L" D 7 D =
6 , 9 45./&/(V1'@69 ()E 8  !FG !NO,-&/&'AB,= 9 ,->?./&/AB@6 E<,E-.'E-=!,<:MAB@E-.':;:M,<= 9 ./.n FH(VIJ !7G( 9 0

S' 9 : D 3
./:M,-\]== 9 ,->?./&/AQO,-&'= 9 ()FGL)&/ !P7GFH0&/( 8'9 0)NO,<&/./PK) #&/QO,-&/= 9 ()QO./.`  !R#S'S'./QO./,<&/=

¨¨¨

(1963),Collins

.
)]+cos(2++[)(

+

)cos2++()(4

1
+1=

.1)/(2=],1)/(sin[2=

,
)]+cos(2++[)(

+

)cos2++()(4

1
+1)(4=),(

.
)cos2+()(4

+1=

.
)cos2+()()(4

+

292

allaal

V

lalaal

V

Hp
KK

nknkllVV

llal

V

llal

V

Hp
aHpw

nlblbbl

bl

Hp

nV
KK

nlll

l

blHp

nV

ψφ−

φ−π

−πψ−π

ψφρρ−

φρρ−π
ρ−φρ

φ−−
−

π

φρ−ρρ−
ρ−

−π

oHpHqHrst5uvwqHxyzluBt5{|q{}lpHty~��2�yqHu�ty���_~Ozl�|z

kkk

221/22

k

2

221/222

c

20

kkc

kkk

221/22

k

2

221/222

c

2

1/222

nn2n2n3/222

2n2n

c
20c

nn2n2n22

2n2n

1/222
c

2






































�����m�G�G�m�m���H�
k=2

n

k=2

n

Σ

Σ



 !"#$%&"#'()*)+,,-./)*01"#2#34 2#)+.567"8"$9:%;
 !3<./=>?@)*2#"8)A =>BC),-./)*01"#2#3DE"#FGH-:%"#.5HI !=>282#H-J4 2#)+.567"8;)*K+,-L67$5)

,-./)*01"#2M&.5=> N2#3<O$9 PQ>O
K*:5Q>R5=>) ,-./)*01"#2#34 2#)+.567"8"$9:%; !3<./=>?@)*2#"8)K*:9)*$5Q>ST01)+)$9=>:

.5)+FGQ>:9L>,-=>,I=/E"#OR5:%)+2#),-./)*,-L>)+' U#.5HIU8Q>01)*282#3<JVW =>XY,-H-.FZ=Y'()*,-"#,IL[ :%)+$5Q>)*,

)*K+,-L\Z]N^_\G`abc =>2#=YK*STX b"
def 28$9.5)*J8X>"#  U#H-:5Q>R5)+2#2#3<J2#=>U8.5;>?@)+2#"#J bX>HI2#g@)*2#,I.5=>g@"#"h H 4 W8W "#g@"#)+2#,

$9:%;i E ]!j2#=R5)+''()*2#LYBC) bH-,I:%"#R5=>)+,-K+;""#2#,I)*.5 N=>:%)') !K !H
k j2#=R5)+'l HI:%)*) bdam E \ i E V \n`H-,H-,I:%"#R5=>)+,-K+;2#)dam E \ i E \ m `ebK*HIH-,- N)*,-K+,- NQYST01=>;

H-g@)+2#X>= bg@)*28,-.5=>:9L>2#=>;R5,IHU#H-XY=>FZ3< N=>ST, b !3<R/"#K*:%)+2#"#;c .5;>'(3<):%"#,I)*.5=Y,IQ>.5)PE
 H-U#"8K*=>2#28H-'oQ.5=>K+K*,IH-;>2#"#SX>.5=Y,-R5=YJ#BC)*'oQK*HIH-,- N)*,-K+,- NQY)*,R5,IH

$9:%;\Gj$9H,-HIR52#3<';> N:%;>)*,IK*;dam E \ i E V \n`R5,IHQ>XY=>FZ3< N=>ST, b.5)+FGQ>:9L>,-=>,I3R5"#K+:%)*2#28H-)
g@)*28,-.5=>'(" b"#O'()*?@$/Q.5=>K+K*,IH-;>2#"#)R5)+''()*2#LYBC) b2#=>'(2#HI67H.5=>$5"8Q>KR5)+J,-./)*01"#2 b

$9:%;,-HI:%L>X>H$9)+J#K*,- N"#,-)+:%L>2#3.5)+FGQ>:9L>,-=>,I3)*6-HR5,IHU#H-:9=>67=>: bK*=Y'h H-:9:%"#2#K
p H-,-;R5:%)+2#H- IEH l 01"#O'(2#H-6-H$9HI !H-:%LY2#H !3<;Y !:%;>)+,dam E \ i E VIV `Kdam E \ i E V \n`[ .5=> N2#)*2#"8)

 !"#$%&"#'()*)+,.5;>$ b .5=>FG:%H-?q"#,-L)*6-H)*K+:%"dam E \ i E \ m `eb.5)+FGQ>:9L>,-=>,A =>B

293

(8/3)=

,...+
15

32
+

7

18
+

9

4
+

5

6
+

3

2
+1=

(1963)Collins

.cos
3

2
+

3

2
+1=

.2.5>

,<<2¨

Collins

,2.5

(4.10.22)....+
4

7
+

3

2
+

2

3
+1)cos2+(1

3

2
+1=

(4.10.21).cos5
3

4
+cos4

3

4
+cos3

5

21
+1

3

4
+

cos2
3

2
+

5

18
+1

3

4
+cos9+

3

2
+3+1

3

4
+

5

12
+

7

30
+

9

4
+

5

8
+

3

2
+1=

pHaW

WW

KK

al

la

al

kKK

KK

π

π
ε

π
ε

π
ε

π
ε

π
ε

)φπ
ε

π
ε(

∞

≥

)επ
εε(φεπ

ε

φπ
εφπ

εφε
π
ε

φπ
εε

π
εφεπ

εεπ
ε

π
ε

π
ε

π
ε

π
ε

π
ε

r7s*tuvPw*xay*zu{r7zuvN|qs+}I~*r7zu{�7zu��uvN�n�@�7r�Zxes+�7|qzu�!�n{7�n�����7�� }!�Yxay*�7���� �e�

0

2

87

2

653

0

43

0

4
3

2k
3

0

8726

325
4

3
2

4

2

87

2

653

0







































23

∞

k=1

Σ



 !"#$%&'()*+ $,-#*+./01 !2345- /.6#7 " 789:;<$=()$%2 + 23&'& <>?:  @"#&'A'BC2 ?
$=23 !*D&'2 ?EFGH;IJK5L;IJK5H=MNO$&'& <P:;<2<>Q  @2 + 2 /&'" Q  1#R 23&'A ? OS < &'BC2T& 7  !"#BCA'AS <PU>VDV A'BCAD2T& 7 "

+./01:  @"#&'A'BW-$=23 !*D&'XYXET @"#$=&'A 7>6A'& 7 2T !23E7 " S#R 2Z  !2 + E 7 "[$ /01 2 7

H;IJK5L>I\K]I M^ "#_ / A'BW-&'" Q  !A'`a2T OF ET` < 7  @A O$=45"#A'` < + 2 ? E 7 $=A 1U>VDV 2 S#7 < $
/ < S " / A'45"#BCA'A-#4 S <>?_ / " :;< + "# 1< E3& < $=& < `$U 7 <$=45"#A'` < + 2 ? E 7 $=A ?Db_ / A'4 S AD*

<>c 2T& 6+./01+ " R 2&'23$=2 / A S << 7 & < ETA 7 2 /06 & <$=45"#A'` < + 2 ? E 7 $=A'23` OA'*$=()E3()$="#23` < 2
7  @2TdeA'& OU &'23 : ADAf $=2 / A c 23&'A'2 !23gh2T&'A 1 Ic A'E / 2T&'& <>:;<&'"#gh2 :;<7 <Pc & < E 7>6

Q'< + c 2T S &D- 7>6c 7 < _>(Q  !2 + E 7 "#$ / 23&'( Oij< /./ A'&'ET"k 2T4l- /06[7 " 7 ( !" + AD-#E3" IA'*
L;I LPL0K !"#$%& <7  @2TdeA'&'"#`aA`a2 RC+ - !"#E3E 7 < 1 &'A'2S  !" 7 c " ? gh2T2S <P: + "$=45"#A'` < + 2 ? E 7 $=A ? O

_ / A'4 S AD*+./01+ " R 2m%n)Oc 23``a2T& 6 gh2 OFGH;IJK5L;I o;m,M< BC23& S ABC2T& 7  !" /.6 & <>?
< ghA'_ S "c 7 <Q'< +!7 $=23 RC+ "#2 7 Op &'"I4]&D" c 2T&DA 1Q'< S "#4]()$%"#2 7H;IJK5L>I o^ "#_ / A'BC"

&'A R 2 I&'23`q& <>:;< !2345- /.6#7 " 7&'"#gij< /./ A'&'ET" O !2345- /.6#7 " 7 -S_ / A'4 S <<>c 2T& 6c 7 <

7[r2+ "FGH;IJK5L;I o;m,MVD<  @`s- / ( 1#+$k "#4 / < R 23&'A'2

S " SFGH;IJK5L;IJKtm,ME <P: / "#E3& <<>Q  @2 + 2 / 2T&'": + 2

(1982).Ioakimidis

¨

....+
28

15
+

9

4
+

5

3
+

3

2
+1=

¨

.sin
)(1

2
=

(4.10.23),
1
=

294

W/W

WW

c

c

c

W
W

π
ε

π
ε

π
ε

π
ε

ε−
ε−
ε

π

−

uvw ux w uyututz xN{x w uyututz xN{x w uyututz xG|x w uyutu xN{=xx w uyututzy} |x uvw ututu
uvw ux w uyu x~�t�t�x w uyu x~�t�5|x w uyu xG�y{]|x w uyu x utuy}x w uyu �t� z {� w uyutu
uvw xx w u x utu �t�x w uyuy}t}]utux w uyu �t� uy}x w uyu �t� z {x w u �t�5|v� z� w uyutu
uvw |x w uyztutu {]�x w u x } xN{ ux w u xN{=x ztux w uyu �t�5� ux w xyxG�Px~� zzvw � utu
x w ux w u �t�t� }t}x w u �%xG|Px~�x w uyz � uy} xx w uyu �Px~� ux w | } �t�t� uzvw zyutu
x w �x w u |v� z �y{x w u �5� }]u �x w uyzy} {y�5�x w uyu � }]z xzvw } {y�t�]{t{zvw x utu
x w }x w u � z |Pxtxx w u |Px~�]{=xx w u � z �t� zx w uyu �t�5| }�zvw u � u
zvw �x w u �t� u {t{x w u |t|v�%x ux w u �5|Px~� zx w uyu �]{ z x�zvw uyztu
zvw |x w u { u �5�v�x w u |v�5|t|t|x w u �5|t�v�t�x w uyu �5�PxG|�zvw u x u
zvw �x w u {=xN{ } |x w u |v� }]z xx w u �t�%x u �x w uyu �5�y{ z�zvw uyu �
zvw {x w u { zy} �y{x w u |y{y� u �x w u �t�t�]{t{x w uyu �t� utu�zvw uyu x

�J�D��%�l���T�=�T�y�3��#� �=�P�;�;�l��y� ���;�T��v�%�3�;� � ��v�%�3�;� � �
�y� �;�y�3�� �y� �;�D��%�l���T�=�T�y�3�� ���;�y� w�;�;�@�;�T� ]�l�%¡>�;�T�¢

�y�%�l£C�;�[� �¤w�%�3 t�;�D��J¥  ]��y�%�l£C�;�[�¦y�;�l�%�v�;�§  ]�l�=� � ���[�;�| w x uvw zvw¨ �T�t�P� � �

¨0©0ª0«¬h®¯°ª0±9²j®)h�³ª�´j©09µW¶·¸9ª0®¹9º|»@µC²j¼³²

7

2

653

0

-1

1/22

0

½













al



 !"#$%&'(%)*+,-./!01(%(234%"*56(%)7"*$'/!589!$%"#:
;658<-.=>?@+!569!A*/!A#/!BC($%/!DE('BC(FF -G/!HI$%('A*9J*KJ*K 58"BC"*L1$%" !"#A*"*- K =

BC=MN'/,$%(% !=>O4%"58(%A#=M-./,A#+!-.=H-.=>?@+!569!A*/!A#/"*;.$%"*)7"$%(?P$'/!=MB$%=QRKS "*5658(%$ F /T3
&'"*-GBU+!5 KF 56"*L1$ K ="*VG=M$%9 !/, A*"#V.$%"*OL1=A*/, 4%"*VGA*(-.=>DE=M$%(%=$%$%"#==4%-.( J 58(%L
4%-." F A*"#=$%/!DE=V.A#"A*"#589! !"#O"*?@$%/!V./,=MAW A#"A*"#V.$%/!XA*/, "*01=>$% !/01=M$'A*-./!569!$%/!<

V.A#""*?@$%/!V./,=MA*O$%=W A#"S "*$'=MV.$%"#O(%$%A#=M-.HY/!58=B=H FHI"Z#[$%/V.=>B
J "#58=M=>O\]^ 3_`@a73 Z*bYc"*A"*A#58(%V./!=>A F <$%=\]^ 3_`@a73 Z#dIce /!DH$%/!:';6=M$ K
J*K A#9BC"*)#+!A\]^ 3_`@a73 Z#dIc O(\]^ 3_`@a73 Z*bYc" F $%"*HI=$%/H K VG( F 58=>$%$ K =Of $%/,V.=M$%('<

= F A*9Gg\]^ 3_`@a73_`hi cF "#)758/ F $%"H K -G/!L1=M$%('=e /!DE=

A*-G=Mjk(%$-./!HY$ K N-.<!;./J = F  !"#$%=MV.$'"*)7"
F 5.+!V./!=HA*-G=Mjk(%$ KW $%=>-.)7('(;658<H K -G/!L1=M$%('=F 56=M;.+!lmjk=>=;6/!5

Z7no[ 3"* ,"*58""*DE( J  !"*:F= F A*9\]^ 3_`@a73 Z#^Ic&'"*-GBU+!5 K-.=>?@+!569!A*/!A
 !/, HI-G=MBC<!OA*"H`@a [ O"*DE( J  !"*:FA=;6/)7-G/!$%(%01/HI=>-.N'$%<,<e /!DE/

= F A*9-.=>?@+!569!A*/!AA*"#V.$ K :p 58<4%-.('Bq=>-83V.( F 58=M$%$ K :r "*A
(%BC=M=>As "*/! ,(%BC(%;6( F !/, HI-G=MBC<!OA*"H?P$'/!BC=M$%/,A*=M58=H(%BC=M=>BB K

+!?@ !/!<TgJ "#58=M="*01=>$% !/$%/!DE/4%"*VG=MBU+" J#t < F $'<!=MA#O\]^ 3_`@a73 Z7nocF\]^ 3_`@a73 Z#^Icu -./!HY$%=M$%('=

J +,;6=MA,g-.=>?@+!569!A*/!A
V.58=>$ K O4%=>-.H K =A*"#589! !"F "#N'-./!$%<,<-.<!;.OF A#=M4%=>$%$%"*:H\]^ 3_`@a73_`hv c-./!?@58"*Lw(%BB Kx F 56(

" J "*?P$'/!V.=M$'(%<!Nyg$%/!DE('NH?P/,4%( F K HY/!=MA F <A*-G=Mjk(%$

295

¨

.<2.001¨

1987g).(Fabrikant,

(4.10.27)

sin
)(

4
1

=

(4.10.26)

...)+0.8083+1.6507+0.2603+0.7921+0.5102+(1=

(1963)Collins

,1.269=

1.127=¨

.1.0234=3=

.2

(4.10.25)

)(3

2
1

=

(4.10.24)

)2(3

2
1

=

la

W/W

kk

W
W

WW

KK

KK

KKal

alal

al

a

V
V

al

a

K
K

∞≤

ε−
ε−

ε
π−

εεεεε

−−

−π−

−π−

z7{M|}~o�M�]�M�}�z7�}~Y�w{>�#�Mz7�}��7�}��}~Y���1�7z�P��{>�7�w�}�I���7���h�h�7�� �I�,�]�M�7���� ���

-1

1/222

0

87653
0

0

0

0

3

0

3

0

�







∞

k=1

Σ



 !"!#$%&'()*+,- !./0!12-34,567,%/89:;< 7,"=>,?@ !A,B!CD -E%&8F%&"!#$+,)G" ; B
H0!)G%/IE.&#$+,HJ-3%/"!1K 7LIE%&#A,IE)*1%&'21MG#$1#2+L>7,0!)*12NO%&"!1$PK2; #$48F12Q@%/#RST CUVWX(C Y(Z[\MG#$1

0!12>L+,Q@%&8FP9:;12#$./7,#$.&#2H[7,%&#(C0!12M*#2 HJ>L-3]^MG%&"= !A,8F 8F%&Q@I*7)G+,./.&#$12A,"! !ALB#2+L>, !B"!+
HJ5W+, !8F12IG%&_!./#2HJ !%>,+L>#2+L>?@%&"="!12.&#$4,P0!)G+L>,#2 !M*%&.&>(7,]8F+,-E7L] !8F%&%/#MG#$1IE)*7L'(12'212P

12#12IG"!1IE+,-E%&>, HJ>L-3]^MG%&"= !A>,1$'(IE+.&-G7,MG+,ALPIE-3A)G%/`a%&"! !%"!"!1$%%0!)G K -3 !Q
IE+,#$47,B= =#2)G !-3 =.&4R Vbc2ZdeJ\IE)*7L'( !% f +,"!+L.&]^>"!%/HJ125W8F12Q@" ; 8OC0!12M*#2 )G%/`a%&"! !%

MG !./-3%&"!"=12%IE%/-3+,]^#RST CUVWX(C Y(Z[\gP7,)*+,HJ"!%/"! !A !"!#$%&'()*+,-34,"!1$'(1A,IE)*128A,Hd-3A,]^#2./A>,1$#212) ; %
RST CUVWX(C Y2cd\gPH !"!#$%&'()*+,- ;MG%/#2HJ%/)G" ; % h HJ1$_!" ; %CHJ"!%0!-31$NO+,IE41 K 125b"=+,MG+,%/#
 HJ>L-3]^MG%&"= !A,Pi 12'21.&%/MG%&"= !A0!120=%&)G%/MG"!12'21.&)*%&IE"!%/'(1)G+,IG =7,.j IE%/.&4

>,+L>"%120!)*%&IE%/-120!%/)G+,#$12) !"!#$%&'()*+,-34," ; _
 8F%&IG !+," ; PHJIG12-34.&%/MG%&"= !%0!120=%&)G%/MG"!12%iHJ>L-3]^MG%&"= !A,Pi 12'21

'()*+,"! !?@%"!+0!%/)G%&8F%&NO%/"! !%"!12)*8F+,-34,"!1$%i< 7,"=>,?@ !A,P !5WHJ%&./#2"!+,Aj IE%/.&4

HJ>L-3]^MG%&"= !_kl
. < %&)G12 =IE+,-34L" ; B#21$"!>, !B>,1$0!-3+,"!+L)G" ; BHJ5W+, !8F12IG%&_!./#2HJ !A5b+LIE+,MG IE-3A

Z$m[\.&#$)3CR Vbc2ZdeJPIE)*7L'( !8F  f +,"!+L.&]^>,1$8H ; Hd%&IE%/"!" ; B7,)*+,HJ"!%/"! !_!P !"!#$%&'()*+,-34," ; B
12./"!12HJ" ; B.& =.&#2%/8F+HJ1$#n +,0!)G =8o%/)GP#21$MG>,+,8F kC"!%/.&>,12-E4,>, !8F 8F%&Q@I*7)G+,./.&#$12A,"! !_

12# !"!#$%&'()*+,-312H)G+,5W-3 !M*" ; BH ; M* !.&-3%/"! !A8F%&#$12I !./0!12-34,567,A5b"=+,MG !#$%&-34,"=12P
7,0!)*12NO%&" ;K2; #$48F12'$7,#)G%/5W7,-E4,#2+,# ; !5WHJ%&./#2" ; %B=12)*12`a1n %&>,1$#212) ; %

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

¨

(4.10.29).dd
)(+)(

))(,(

]})(+)][(+{[

dd1

])(+)[(

dd),(
=),(

¨

,),(

(4.10.28)

.,...1,2,=for),,(=dd])(+

)[(),(
4

1
),(+),(

296

S

Ska

a

yxa

yx
yx

SyxSn

wf

Nnyxfyxyy

xxyxwyxwHyxw

N

ηξ
η−ηξ−ξ

η−ξ−ηξΦ
×

η−ξ−−ηξ
ηξ

π
−

η−ξ−

ηξηξΦ
ΦΓ

Γ
∈

−

−Γ
π

−Γ

p3q3r3stuavwxr3yz{kv|ua}~r}�kq3uz�����zr3v�uz���*�@{k�~{

112
1

2
1

1/2

1

2

1

2

k

2
11

S

1/22
k

2
kk

222

S

2

1/22
k

2
k

S

kk

nnnn

nn

nnnkk
-3/22

kn

2
knkkk

S

nk

2nnnnnn

�
��

≠

k

k

k

k
k=1

N

Σ



 !"#$%&'()*)&+,-./"#0#()1234*)&',5./"#0#6789:;%"# !()<+,51 4 *)78"#,= ; 4-4  !()*>&+"#*),? 3

@ ? 3AB:CD3ABEFGHI3J%&';%780#,-0#"#K"#0#*>,5LD&';%MNO%0#(> PJ
$Q#&+"RMN()ST,50R0#()LD(Q#&+(>UT, 4-4 ;%V"#*),-&+;%*>"#780#(>LD(45W ()<X"# !( 4 *)OY 454 MN,5<+JZ1#*),[ 3

789:;%"# !0#( 4 *)"23*),-()&+,- !()144 (>\+,5*>;%0#"#"
7? 3 ]4 ,-$%UT"#"&+,-9:J%MXO%*);%*>6Q#()< W ()<^_<X&'JZLD()1" 4 Q#()MNO%9`J%a@ ? 3AB:CD3 ? Hb 6c78,-<X"#*),]D3

@ ? 3AB:CD3 ? Hd3b 6c78,-<X"#*),Be3

;%0#;ZMN"#*)"#\', 4 $Z"23"#MN""#*),-&+;%UT"Ra% !"\+" 4 MN,50#0R(&+,-fg,50#(h 6c*>O !()ST,-*
()0#(*),-Q#,5&+O\+*>(0#; 4 *)()MXO%$%()V@ ? 3AB:CD3 ]DijHJ%Q#&'()./;%Kk*&+,-9:J%MXO%*);%*>60#0#6c,,b 6cfg,-Q#&+"#78,-<

<XMNa

@ Be3 F)3ABEl8H"#9Q#()M+J%\+"#*>O !()ST,-  !6<X,-MN,5V4 ;Z !() bm J%0R$%UT"#a W 3n MX,5 !,50#*>;%&+0#6 W
7786c\'" 4 MN"#*>O*);Z$%ST, !()ST,- o 6@ ? 3ABe3AB ? Hd37()Q#&',5<X,-MN,50#6

"\+*>(0#;%QR() !0#"#*)OZVp MN,-<+J%,5*@ ? 3AB:CD3 ])lGHI3\+,- Q#&+(>./,5V0#;% !0#(>LD(\+*>(

"# !,50R0#()V;$%(>()&+<X"#0R;%*); W VQ#()MXa%&+0#6 W
7J%Q#&'()./;%,5* 4 a9E0R;%\+"#*>,5MNO%0R(()Q#,-&+;%*>()&"#0#*>,5LD&';%MNO%0#6c1"V7"#0#*>,5LD&'"#&+()7G;%0#"#,

786cQ#(>MN0#"# @ ? 3AB:CD3 ])lGHqV"#0#*>,5LD&';%MN,78*>()&+() 78("#0#*>,5LD&'"#&+()7G;%0#"#aQ#()&'a%<X()$Y 9E !,-0#,50#"# 

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

297

¨

.>,
)]cos(2+[)(

)(2
=

)]cos(2+[

dd
tan
1

])(+)[(

,dd),(tan
12

=),(

,
)()(

tan
2

2
=

)]cos(2+[

dd

)cos(2+

1

)(

)(

ar
rrar

a

rrRR

yyxx

R

RR

S

aR

aa

R

rr

rr

rrar

a

ψ−φρ−ρ−
ρ−π

ψ−φρ−ρ

φρρ
)η(

−−Γ
η

φρρφρΦ)η(πφρΦΓ

Γ

ρ−ρ−
−

ππ

ψ−φρ−ρ

ψ

ψ−φρ−ρ−

ρ−

rDs5tuvjw5xyz5{u|rD{uvG}~s-�>�5rD{u|�D{u��uvG�`�T�Dr�Exqs-�D}~{u�8�`|D�`�e�e�D�� �8�Zxyz5�D���� �q�

221/222

1/222

3/2
00

2

0

2

000
-1

00

2

-3/22
kn

2
kn

00000
-1

S

1/2

0

221/222

-1

1/222
00

2

0

21/222

1/2

0

22

0

2

�













a

a

�'���>��g�~�N�����~�j�~�~�

π

π ∞

k



 !"#$%&'()*+ & ++',-./,01$ ,-234 &%5 ,36 57&'8 &'9:;<5<=> 5<&'8 , (+ ( ,3? ;<5<@;<AB& . ;<(:&% !@C575<@CD
4 @ 423, $'DCE+, , 92 ; 23+', 8F@ 2 D6:+ &+ @ 4+ ( ,3? ;<5<EG<&' , (:HI5<& 23+ DCH5<@G , ( , 8 ,3?J, 5<; ,

 !AB@C;<8F5<& ,57K .L,  !& ,&'$ ,32 G ,36 ; +%M6:+ &'$'"&'$%(:@CAB&'8FE+ @ 4 ;<8 !"#$%(:@C5<"5<@CG7(:DCN , 5<;<D
)*+ ;+ ( ,3? ;<5<@C8 1& 2-+ @ ./M 5<"#84;5<@CG7(:DCN , 5<;<D2 9: !;<OP@QR ? ; ,G<(:; . @COP@ , 8

+ @ 4 N ,S "1& 2 ;G<@C(T@ ././,-./M 5<&;=UEE>4 &%&'(:9L;<57@ + @C8F;G<& . DC(:5<"#8F;
+ & 6:4 @CH 5<@CG7(:@C .L, 5<;<DQHG<(:& + ;< !&%G<& . &%NV5<"#H + ( ,3? ;<5<"G , (: !&'WG<&' , (:HI5<& 23+ DC8
&'$ , ;<842 ; . "2 & 2 ( , 9L& + & 6:, 575<" ,, 9:;<5<; 6 5<" ,9L ,G<(:; 4C. @C9L"# 0@ , 8S "

+ ( ,3? ;<5 12 ; 23+', 8 ,2 @Q8F&'WN ,+ &%W4G<(:; . &'N , 57"#H5<@CG7(:DCN , 5<;<W2 ; 23+', 8XK + &'(TKCR
(:@ 2-2 8F& + ( ,3+%M57KCNY5<&5<@C8 !AB@C;<8F5<& 23+ ;<E+', &'( , 8XK; 2 G<& ./M AB&' 0@ +'M2 & 23+ &%DC5<;<; 

$'" +%MZ + &%$'"+ ( ,3? ;<5<" 1G , (: !&'W[ , 5 + (:&'822 &% !G<@C9:@CR ? ;<84 &%&'(:9L;<57@ +5<@ 6 @ . &'8
24 &%&'(:9L;<57@ +2 ; 23+', 8 ,G<& . DC(:5<&%W. & 4 @ ./M 57&'W + ( ,3? ;<52 ; 23+', 8F"(:@ 2-2 8F& + ( ,3+%M
;\ E5<&'8 , (+ ( ,3? ;<57K&'$ ? 5<& 23+ ;<EG<& +%, (:;$ , A !"#9 ,3. ; +%M E8F&'N , 8S "

+ ( ,3? ;<5<" 1] &'WG<&' , (:HI5<& 23+ DC84G<(:; . &'N , 57"5<@CG7(:DCN , 5<;<D2 9: !;<OP@QR ? ; ,
4 & 2 & 2 ;<8F8 ,3+ (T; 6 5<" ,G<(:&%;<A^ 0& ./M 57" ,_ K 2-+'M5<@CG7(:DCN , 5<;<D2 9: !;<OP@QR ? ; ,

4 &%8`G ./,34C2 5<" ,;G , ( , 8 ,3?J, 5<;<D+ @Q5<O , 57[V;<@ ./M 57" ,4 &%8`G ./,34C2 5<" ,
8, ! , 9S "1&'$%&'A^57@ 6:, 5(:@C9:;7K 2,,;E;4 &%&'(:9L;<57@ + @C8F;9 ,-4 @C( + &' !"#8F;
2+ & 6:4C, (:@ 2 G<& . &'N , 5+ ( ,3? ;<5<"] &'W[ , 5 + (_ K 2-+'MG , ( ,32-,34 @CR +%2 D 1

5 ,a ( ,-? ;<5<"+ ( ,3? ;<5<@C8F; 14 (TKQO . "#8F;(:@ 2 G<& . &'N , 5<57"#8F;G<(:&%;<A^ 0& ./M 57&
G . & 234 & 23+ ; & 2-. @C$ .L, 5<5<& ,G<(:& 23+ (T@C5 23+  !&'EKCG<(bKCOP& ,c @ 2-2 8F& + (:;<8

G<(:;78 , (:" 1; ./. R 23+ (:@ + ;< 05<" ,4 @ 4(:@ 2-2 8F& + ( , 57"+ ( ,3? ;<5(:@C 05<"#H
(:DC9$ ,-234 &%5 ,36 57"#W;+ ( ,3? ;<59L dKCHef. K 6 @CW9L@ .L,3,01+ @ 4;+ ( ,3? ;<5<"#E23+ &'(:&%5

G , ( , 8 ,3?J, 5<; ,+ ( ,3? ;<5<"#Eg 5 , (:OP;7D5<@CG7(:DCN , 5<;<W<E4 &%5<[ , 5 + (:@C[V;<;4 & g'h7h ;<[V; , 5 +
4 @ 4G<@C(T@C8 ,3+ (:&' !E5<@ 2;<5 +%, ( ,-2 KCR ? ;<H9 . D&'[ , 5 4 K+ & 6 57KCR9L& 23+ @ + & 6 5<&

&'$ ,32 G ,36 ;< 0@ ,3+i 5<&KC(T@C !5 , 5<;<W 1;<5 +%, OP(T@ ./M 5<"#H( ,-jk, 5<;<D5 , &'$'H7&%9L;<8F& 2-+ ;
$ , A( ,-jk, 5<; ,G<(:;7$ . ;<AB; +',3.LM 5<& ,G<& . K 6 ; +%MS &'NV5<&+ ( ,3? ;<5 1

(:@ 2 G<& . &'N , 5<57"#H$ . ;<A 4 && 6T, 5 M9 . D9L@CN ,G<& . K 6:, 5<&$'" +%M8F&'N ,-+( ,-jk, 5<; ,
6 ; 2-./, 5<57& ,+ & 6 5<& ,G<(:@ 4C+ ; 6T,3234 ;6:+ &$'" 2-+ (:@CDQE5<@ 2-+ & .LMC4 &2 HI&'9L;<8F& 2-+'M6:+ &

;2 HI&'9L; +%2 DCE; +', (:@C[V;7WG<(:&%[ , 9:KQ(:@6:+ &_ & 4 @CA^@Q5<&'E5 ,-2 ;<5<O%K . DC(:57" 1l (:@Q !5 , 57;<D
4 &%5 h ;<O'KQ(:@C[V;<; 12 ;78`8 ,-+ (:; 6 5<&'W23. K 6 @ , KC8 , 5 MCjk, 57&$'" +%M8F&'N ,-+;+ ( ,3? ;<5<E

6 ; 2-. K(:@C 05<&KC(T@C !5 , 5<;<WZ ; 2-. &m ( , 9LOP& .LM 8F@ 1KC(T@C !5 , 5<;<W;<5 +%, OP(T@ ./M 5<"#H
2 ; 23+', 8 ,42  0&'9L; +%2 Dn @Q9L@ 6 @5<@CO'(TKCA 4 ; 12 9: !;<OP@QR ?J, WG<(:&%;<A^ 0& ./M 57&'W

9 , W 23+  0; , 8G<&'9+ ( ,3? ;<5<@C8F;4 (TKQO . "#8F;4 &%G . @C5<@Q(:5<"#8F;(:@ 2 G<& . &'N , 5<57"#8F;
G<(:&%;<A^ 0& ./M 57&5 ,-234 & .LMC4 ;<8F;& 2-. @C$ .L, 5<5<&%8G<(:& 23+ (T@C5 23+  ,KCG<(bKCOP&%8

 5<@CG7(:DCN , 5<;<W@C5<@ . ;<ABK4G<(:; . &'N , 58 ,3+ &'9&'$ ? ;<W23,-4 [V;<;<Eg + &'Wo

;<ABOP;<$'@ 1;<A ] A^@A^@ 4 (:"# 0@CR +'2 D
5 ,+ ( ,3? ;<5<"6:+ &+ @ 4 E(:@ 2-+ DC5IK + "#8G<(:& 23+ (T@C5 23+  !&_ & . &%NV; +',G<(:& 23+ (T@C5 23+  !@ 1

KCG<(bKCOP&%OP&;<ABOP;<$'&%8 !"#AB"# !@ , 8F& ,+ ( ,3? ;<59L dKCH !AB@C;<8F&'9 , W 2-+  !; ,c @ 2-2 8F& + (:; +',p 1

¨

.+=

,+=

¨¨

0=

298

qq

Ox

T

k

i

iuuu

ayx

k

nz

φρ

τ
τττ

qTrsq!tsu/vwu<xPy-z0{P|%y

}/~/�/���k����/�����#�k�b����~/���Y�s���/�������T�V���b�

���s�/�Y�<�3�<��Q�V� �#�I�< ¡¢£¤Q¥� ¤P¥ �P¦/� ��¤Q§¨�© �
¦ �V¤Q¢£�#��<�Y�7�Iª*«�¬�<©L¨#ª*�<���<�V�#«�¬� �d�<��§�© � ¤P¥ �P¦/� ��® ª*���d�<�#¤¯/°±²L²

ky

yzzx

yx

³´µ

µ

³

³³³

¶#·0¸P¹/ºY»I¼



 !"#$%&'( )*+,-) )+./$0 123&4)%5'(67 )'(3&89:$-;/$0<(=>< %5-)#?!"#$0@' AB1"3

 )+,35-;- < *#CBD C *%53&E$FG ) 66HIJ6735123&-)I= IJ89 6HIJKL#$MG35-) ;NO '( 
**P)#$KL#$+,35'>K < 61289N6HIJKL#$MG35-) ;NN$67-)IJ3-;/$MQ-)I-)#$+

R 35P;35K":'(KL35ST )-)I D% <>< '(6735'(%&'(67/?0@ST354%5' < K < -)3< 1"- < 4-)#6HIJ!L )%589N?0@'(%5NU CBDVW>WXD Y>Z
 U CBDVW>WXDVW[Z6 )-)'>35ABKL#$89I\ %53U CBDVW>WXDVW[Z]D#$-)#?8 < AB ;!"35-U CBDVW>WXD Y>Z6<(=><(^ -;#$!"35-; )4_ +,IJ%58

/$KL#$6H-)3&-) )3 )-)'>35ABKL#$89:$- < 36H' < K < 3
12#$0@'*< %& P)#$KL#$89893&89:$- <P)K" ;8 < MG35-;-)IJ+, %5 ;89#$+, % < %5K"3&1 < ' < !"35-;-)IJ+, 

351" )-) )!"-)IJ+, %% <><(= KL#$MG35-) ;N$*` -)#$8 < AB )!L-)IJ3% <>< '(6735'(%&'(6H3&-)- < D'(KL35ST )- a
< 4 P)3&K"6 < 4P < 6735K"bc- < %5'>354P)3&K"35+,35ST3&-) )N'(#?-)AB35-;FG )#$89:$-;IJ3-)3& ^ 6H3&%5'>-)IJ3

P < E?# ** %5 ;89#$+, )d351" )-) )!"-)IJ+, MG3'(3&+, 6HI ^ IJ6H#$3&+,IJ3
'(KL35ST )-)IJ*P)3&K"6 < 4P < 6735K"bc- < %5'>354P)3&K"35+,35ST3&-) )N'(#?-)AB35-;FG )#$89:$-;IJ3

a
 

d< %& P)#$KL#$89893&89:$- < +-)#$P;K"#$6H8235-) ) 6'(KL35ST )-)IP)3&K"6 < 4' < !"E$3P)K <  ^ 6 < 89:$- < 46
P)K" ;8 < MG35-;-)IJb%5 ;89*% < %5K"3&1 < ' < !"35-;-)IJb351" )-) )!"-)IJbP)#$K < 46HI ^ IJ6H#$3&+,IJ3'(KL35ST )-)I a

< 4<(= 89#$%5'> 6-)#$P;K"N$MG3&-) )N%51"6H )AB#?0@ST )3<(=><(^ -;#$!"#$0@' e 123&%5:

6 ^ #$ )+,- < %5'( fg'(3 < K"3&+./ )%&P < 89: ^ /$NP < 8"/$!"3&- < *= IJ'>:+ < MG3&'
/$KL#$6H-)3&-) )3 )-)'>35ABKL#$89:$- < 3_ 893&1"/$0@ST353CBD CBD%53&E$FG ) 66HIJ6735123&-)-)IJ3'(KL35ST )-)I

E$KL/?AB8 < 4 ^[< 89 )K < 6H#$-;- < 41289Nh K" )-;#i /$-;E$FG )  )%&P < 89: ^[< 67#$'(:-)#$+P <(^ 6 < 89 )'

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

299

,

)ee(

)ee(3e

)(

)(
=,

)(

)(
=

(4.11.4),=,+=

,+=,++=

(4.11.3),+=,==,=

.,

,,,,

(4.11.2)

.)d+(=d+d+

(4.11.1)

.)d+(=d+d+

a

a

G

G
Z

Ra

a

ZZuZZu

ZZuZZu

ZssZqZq

uu

uussqq

SuuSusSusu

OyT

k

uuu

uu

Ox

kqq

SuuSuqSuqu

ρ−ρρ

ρ−ρ

−ρπ

ρ−

−ρπ

ρ−
ζ

ℑℜ

ℜ−ζ−ℜ−ζℑℑ

ℑℑ−ℜζℜ−ζ

ℜζ−ℑ−ℜ−ζ−

ττ

ττ

jklHmnoBpqrlHsktBjuvwmXoBsuxyBzwlvw{7sk|GoB}~&{��5pq�H�;�~&zwy?�Hr5}Br&{7}?�c�mn��r&oBxQzwlHsktBjkvXmXoB�� �Ho?��~5oBs�q� �w�

20
00

0
0

0

1/2

1

2

0

22

1/22

1

2

1

2

21/2

1

2

0

22

1/22

1

2

2211
y

21
y

21
x

2211
x

kykxkykx

yy

xx
kyky

1
y

1y
y

1x

S

kkyky

S

kkxkx

S

1y

y

ky

ky

1
x

1y
x

1x

S

kkyky

S

kkxkx

S

1x

������

���� �
��

���

-i-i

-i-ii

yTxT

yTxT

yTxT

yTxT

yTxT

yTxT

yTxT

φφ

φφφ

1k
k=2

n

k
k=2

n

1k
k=2

n

k
k=2

n

ΣΣ

ΣΣ



 !"#$%&'()*+,-. (/&012+,3 .45,67.*892.:;0< &'=:=4>12&0?@&'=:A /AB(!C6 >/D!",(E = .=:& ;'. =:D!" <F5 12=4A 8
G ( .HI12+#JK=:&'= .:5(/1L&'M . =:& 8-,>!=:-,12&0(/=:>/N->/(!=:> ;'5 M .:O4;'5-,>!>/12$ . =4+,(

P > <%5 12=:A O;'.4; (/& 6 &< >!-,+ < C,=4>/NJ$%&0N ; (/J . (/& < C,=:>",1L+,JK=:&0= . &(/+#-,>/&-,+#QR$%>/&9 (!>
S + 6 &0( .:67TP > < " 9 &0=:A 8 /AB(!C6 >/D!",(UVW 8XY!YZ8 [\]( .:P +",1L+,JK=:&0= . NY$%>! /+,JK> 9 =:AB&.

(/1L&'M . =:+ 67TY> ; (/+ < C#=:A 6-P 1 .4< >/QR&'=4+ /AB(!C6 >/QR&0(P 12>!3R&'$2"#12+^_=:+ < >/D .:9 =:+ 5
(/1L&'M . = 8$%1L"#D .:OJ <%.:5 = . &P 12&0$ ; (!+,J <F5#` (. =:(!&'Da1L+ < AE ; (!+ < C,=4AB&8=:+,D/1L",bc- .

bd+#$%+,=:=:>!N$%&0N ; (/J . & 6P >/$. bc> <F. 12>!JK+,=4+ T /A /A < +>/=:+ !"#$%(/>-,+#-(/1L&'M . =:A T
P &012JK>/NP &012& 6 &'Me&0= .:5(/+#=:Da&'=43 . + < C,=4AB&$%+ ` (E = .=:+,D/1L",bc- .*8P > <%. =:> 67. + < C,=:>/N
<F`  !>/N$ <F5fg",=4-,3 .:5,OG < & 6 &'=:(!+,12=:A OJJKAB1L+,QR&'=:A.(/> 9 =:>JKA 9L.:;'< &0=:A /AB(!C
6 >/D!",((/1h",$%=:A 67.:T> 9 &'=:CJKABD <F5 $ 5 (.O >/( 5UVW 8XY!YZ8 [\]VTJ. =:(!&'Da1L+ < +$%J\+i_&'1LJK+ 5

P > < " 92.:6ejUVW 8XY!YZ8 k\]VT.UVW 8XY!YZ8 W ]UVW 8XY!YZ8 l\]VTP >/$ ; (/+#=:>/JK- .P > ;0< &.UVW 8XY!YZ8XYc]-
12&0bc" < C,(/+,($%>! /+,J <%5 & 6T&'$ . = . 3I"6 = .:6 " `=:+UVW 8XY!YZ8 m!]",1L+,JK=:&0= . &" 6 =:>!QR+,& 6noA

S $%& ; C

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

(4.11.8)

.
)(

dd

)ee(

)eee(3),(
+
),()(

+

dd),(
))(1(1

)e()(
+

)(
tan+

dd),(
)(1

)()(3)(
tan
1

=),(

(4.11.7).ee/ee=,)e/=(

(4.11.6)

,/)()(=)(,)]cos(2+=[

(4.11.5).
))(1(1

)e)((
=,

)(
tan=

,
)(1

)()(3
=,

)(
tan=

300

n

n

a

u

G

G

R

ua

tta

ta

R

a

R

G

ta

at

G

G

R

a

R

G
u

i

at

xxxxR

tt

ta

a

G
Z

R

a

R

G

ta

at

G

G
Z

R

a

R

G

−
−

τ

−ρ

φρρ

ρ−ρρ

ρ−ρφρφρ

π

ρ−

φρρφρτ
−−

−ξηηξ
π

φρρφρτ
−

η−
−

η

πφρ

)ρ−ρ()ρ−ρ(ξρρ

ρ−ρ−ηφ−φρρ−ρρ

−−

−ξη

π

η

π

ξ
ζ

−

η−

π

η

πζ

pFqFrFstu@vwxrFyz{*vBu@|hr|}*qFuz~I���zrFv�uz���L~R{*�h{

1/2

1

2

0

2

000

20
00

00
000k

1

2

2

00k

S

2

1/22

1

2

000001

111

2

02

111
-1

0

1

0

2

2

0000012
11

2

11

1

2

2

2

1
-1

0

1

0

2

1

1

0
0

0
01

2
01

1/2

0

221/2221/2
000

22

11

02

11

1

2

2

2

1
-1

2

2

2
11

2

11

1

2

2

1

1
-1

1

1

�

























-i-i

i-i-i

ia

a

-i-iii)-i(

i

φφ

φφφ

φπ

π

φφφφ

φ

0φφ

k
k=2

n

Σ



 !"#$%&'!()*+%&$,-+$,./(0123&4567 $#$,",89(0" 7 ",89:;45"<=$#",$,'!>?(6",$# !1&>?@
*+$ 7 ",A="#$, !1&$",A;<=./(ABC'DA=1&3&E/61&3&./123&@38F()'!@21&3&@<=$#1 7 ",'G:=<=E/3&4%&$,HI8F$#-JK=45"

3%&A='DA=LM(0"#'!$,81&A 73&1&"#(0'!( 7 :=45NO3&@8FA;'!3&A=E/3&38F$#HPLM$,./12>?($,B,'!A=1&3& D3&8FA=()"
6$,Q#-JA 7 "#38F12:;",'!31&A=@R$,*+3&" 7 K$,1&A !"#$S A=<;",6",$#"1&()3&HP8F( 7 "#1&$,6",$# !<=3

%&$,-+$,./(0123&(",$# !1&$,(T $,",KU8F12:;",'!3",$# !<=3<=$#$,'!*+3&12A=",>%&$,-+K='!1&>?(33

V *+( 70W

( 7 " WDXY (0HZ:=- W ",A="7 'D(0*+1&()L U$",()$,'!()L[:%&'!32-JA=BCA;K\]^ U_`#`aU b9c 67 3 7 ",()LM>'!()de(01&3&(
",$# !1&$,(*+$ 7 ",A="#$, !1&$%&$,-!:= !3&" WLM$,./()LLM>7 -!:= !A=K;@1&()<=$,",$#'!>?@f

$,Q#'!A=HI$,L7 -+(0*!:=45NO3&L:=%&'D$,NOA=(0" 7 K\]^ U_`#`aU b9c:='DA=8F1&()1&3&g
7 3 7 ",()LMA31&A=B,'D:=HI<=37 *!8F3&BCA;45NO(0g$,*!1&$,'!$#*+1&$,g7 -!:= !A=(f

'!A=*!32: 7 A U3&@h U h `'!A=891&>?L'!A 7)7 "#$,K=1&()3&LM6",$#- W <=$1&>('!A=HI*+()-",'D(0NO3&1&>
*+89(<=$#BC*+A8FHIA=3&LM$,*!(0g 7 ",8F3&g26Q,-+3&HP<=32@$, D(01 W*+-JK*+A=.i(j U k9lLM(01&()($,de3&Q#<;:

3&LM(0()"3&",()'!A=E/32K%&()'!8FA=K !"#$Q,> 7 ",'!$#6",A;<7 @R$,*+K=" 7 K$,1&3*+A=-+(0(06%&$,<;A=HPA;1&$

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

301

,dS=

(4.11.10)

.

)ee(

)eee(3
+

)(

)(
+

dd),(
))(1(1

)e()(
+
)(

tan+

dd),(
)(1

)()(3)(
tan
1

=),(

(4.11.9).
)(

dd

)ee(

e)ee(3),(
+

),()(
+)(2=

,==

¨

S

S

uU

U

G

G

)cos(2+

U

a

a

tta

ta

R

a

R

G

ta

at

G

G

R

a

R

G
u

a

u

G

G

R

ua
a

G

GG
u

const

ρ

φρ

ρ−ρρ

ρ−ρ

φ−φρρ−ρρ−ρπ

ρ−

φρρφρτ
−−

−ξηηξ
π

φρρφρτ
−

η−
−

η

πφρ

−ρ

φρρ

ρ−ρρ

ρ−ρφρ

φρ

π

ρ−
ρ−

−
τ

ττ

mGn&opqrm;sn&o9qtuvw/x#y2z;q/{|}

xDqrxFyr~Ju�~&�Co)�9sCm#o

�Z�F�P�C����F�Z�C�����a�C����C������9�Z�/�C��)�p�0���F�2��)���;�F�0�C�)�9�;�R��P���)�C�i���F�Z�C�Z�a�a�C�� �F�;�]�0�C���� ���

kk

S

k

2k
kk

kk
kk

1

2k

1/2

1

2

k

22

1/22

1

2

000001

111

2

02

111
-1

0

1

0

2

2

0000012
11

2

11

1

2

2

2

1
-1

0

1

0

2

1

1

1/2

1

2

0

2

000

20
00

00
000k

1

2

2

00k

S

2

1/22

1

2

1/222

1

2

2

1

2

01

0

 

 
   































-i-i

i-i-i

kkk

22

ia

a

-i-i

i-i-i

φφ

φφφ

φπ

π

φφ

φφφ

k

k=2

n

k
k=2

n

Σ

Σ



 !"#$ %&$ '()*+!+,-.*/0.12(3 !456 2(7(89:;<=>8?= 6 =5@A=>B<:<CD?=>8?=5E;<8?C 6 2B<FG;H8?CGIJ=>B<:<KLG2&B<MJ=5B<7&8?FGMJ:<:
LG2&N(OHOH:<MJ:H=5B<7.*/0D9: 45P :<7&Q.*2&E 6 2(IJBH2 4 7&QR6 =57&2(3SFB<F 4 7(2(CT@A=5U#2D?=>8?7(FV FGIJBHFGC

LGFTL7(89=5@A:<B</
;<=>8?.*2(KLG8?FTWB<FB<FG;H8?CGIJ=>B<:<KLG2&B<MJ=5B<7&8?FGMJ:<:LG2&N(OHOH:<MJ:H=5B<7X ;<8?=>3S= P : 6

EYFT3SFGD?: $8?=>Z[=5B<:<=;<2 P B<2(=
7=3SF !'#$\]&]^$\]_`*+.;<2(3 4 7(FTB<2(.*LTF2(a&8?FG7(BHFGCbcd$B<=>:<EY.*= 4 7&B</ d2(7&B<2 4 :H7(= P QTB<2

8?=>Z[=5B</a(/07&Q6 2(U&eG7LG2&7(2(8?/0=eG89FG.*B<=>B<:<K<fF P U(=5a(89FG:<D?= 4 LG: dP :<B<=>K<B</ d
4 : 4 7(= 6 =L7=.*=>37(89=5@A:<B</LGFTIJ3S2(K2(a P F 4 7&:;<2eG89FG.*B<=>B<:<KR ]2 4 7(F P QTB</ d

b B<7(=>U#8?:<892(.*FGBH:<=7(89=5@A:<B</ $;<=>8?.*2(KMJ=5BH7(8?=.B<FGD9F P 2: 6 =5Wg@A=>KLG2&2(8?3S:<BHFG7(f
4 : 4 7(= 6 =.7(89=5@A:<B</R 2(KMJ=5BH7(8?FLG2&2(8?3S:<BHFG7(/;<2 P CG8?B</0=+f h 3S= 4 Q

2(MJ=>B<LG: -MJ=5BH7(8?F P QGB<2(K
3 P C8?=>E_e P QG7(FG7&2 644 89=53SB<= 6 f27(=>2(8?= 6 e2(;<CT7(Q: 4 ;<2 P QGE_2(.1FG7(Q6 2(IJ= 6i /

= 4 7(Q -j =5Eke P QT7(FG7$
2(a P F 4 7&:;<2 !'#$\]&]^$ %1+:<B<7&=5U#89:<8?2(.1FGB<:<= 6B<2=2(MJ=>Ba(/07&Q6 2(IJ=>7h B<FTD?=5B<:H=

EYFT3SFGD?: $8?=>Z[=5B<:<=7(2&D?B<2(=
3S2 4 7(FG7&2(D?B<245P eGD?FGC dB<=>LG2(7(2&8?/ d.2(a&= 4 ;H=5D?:<.1FG=572(MJ=>B<LGFMJ=5BH7(8?F P QGB<FGCD?7&23SF P =5=5f
;<2(LTFGEYFTB<2l eG3?=572(MJ=>B<2(L $:<B<7&=58?.1F P4 eTEY:<7&QD?7&2(a(/: 4 ;<2 P QGE_2(.1FGB</0fa(/07&Q6 2(U&eG7

7(FTLGIJ=4 : 6m6 =>7(8?:<:n 2(2&a(8?FGIJ=>B<:<C7(89=5@A:<B</ $R 2(K.8?F 4 ;<2 P 2(IJ=5B</:

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

)}.,(){(lim=)(

¨

¨

(4.11.12)

.
)(

e2
+sin

2
+

dd),(2=

(4.11.11).dd
)(

)e,(
+),(sin

2
+dd),(2=

¨

302

aK

U

nn

kl

all

U
a

G

G
U

l

a

al

a

a
G

GG
U

a

u
a

G

G
u

a

a

a
a

G

GG
U

S

U

k

φρτ−ρ
→

φ

φ

−π−
)−(π

φρρ)ρ−(φρτ
−

φρρ
−ρρ

φρ
φρρ−

)−ρ(πφρρ)ρ−(φρτ
−

φ o<p1qrstuJp

vwxwywz{|[}~�yw���r}0|[��y��rxw|�������yw}�|����9�J�r���

1
1/2

1

1

1

1/2

1

2

1k

2

1k

2

1k2

k

1

3

1

2

k
1k

1
-1

1/2

1

2

1k

2

1

1/22

1

2

0

1

0

2

1

2

2

1

2

1

1/2

1

222

2

k

1

3

1

2

k

1
-1

1/2

1

22

1

S

1/22

1

2

0

1

0

2

1

2

2

1

2

1

�

� �� �

�
�

�





















a

i

a

i

a

ρ

φ

π

φ

π

k=2

n

k=2

n

k
k=2

n

ΣΣ

Σ



 !"#$%"&'%()*+,-+.&'+/01+!"%  /234*4*56*7 %(&'89&1:/;<%(=#:/!(>?+/)*@A#BCD%()*@E 89CD@F +  2 %")G> 7 +/H 4IJ
4*KHL%"M3&N:7 +/!(!">A@?O/) 4 %%"!(>?PQ :/!(>?P!"@A@?>?#$%">?!(>?#B%()*)*@ J4)*+/R 7 :/,  /4

!"&1# 4 RS+.TU;<%"=@?&1)*@ 7 @A&')*@?=&'%(=*!">?# 4 %"H6 @?&47 +/& 4 :/!(+/H 4!> 7 %"; 4 )
 /7 :.RSCD8 K @ 6 CD+/)*+ 7 )*8 K&'#V: K!"C1:/01+/=W +/!(!"HL@?> 714 H

6*7 @ E CD%(HX+.H J
! 6 % 234*YG4 0N%"!  .4 H)*%  @?>?@ 7 89H 6*714 CD@?M3%")G8E 89>APHL@?RA:/>#B8 7 +/M3%") 4 O@ E ; 4 %Z?> 4

 +  &'+/C'%"% 5:/# 4 & 4 H[ 8> 7 %"; 4 ) J& 7 :.R 4*K#BC 4 O/) 4 %6*7 %(&'!">A+/#BCDO.TU>4 )*>A%"R 7 +/CD8
@?!(>?+/#$\ 4 %"!(O +  # 7 %"HLO 5>?@#> 7 %"; 4 )*8 54 ,]@?C 4*7 @A#B+/)G)*@?=&'CDO)*+ 6G7 O/M3%() 4 =

 @A) 2 %")*> 7 + 234*4 @AZ YGYG4*234 %")*>&'+/TU>^_` JabAbcJab `Bd#4 )*>A%"R 7 +/CD+&'#$+Q % 7 #B89%

e &'%(!"P

: 6*7 @?;<%") 4 ONf
6 @?!(CD%> 5%&'+^_` JabAbcJabcg d#^_` JabAbcJ h dQ @?&'!(>?+/)G@?#  +@ E 7 +/,]@?H JM3%>?%(H)%@ 6*7 %"&'%(C
E 89>APHL@?M3%(>> 7 %"; 4 )@?!(>?+/CDP.)*8 K&'CDO)*+ 6G7 O/M3%() 4 = @A) 2 %")*> 7 + 234*4F @?Z YGYG4*234 %()*>

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

303

.)]cos(2+[=,

)ee(e

ee3
=

(4.11.14).
)(

dd
),(+

e
+

),(e+
2)(

dd),(

]ee[

ee3e
+

)cos(2+

dd),()(

2

1
=)(

¨¨

(4.11.13).
)(

),(e+),(
lim

2)(
=)(

l

aa

aaR

a

a

a
u

R
G

u
G

G

R

G

aGG

a

a

a

a

aG

G

aa

a

a
K

a

uGuG

aGG

a
K

ττ

φ−φρ−ρ
ρ−ρ

−ρ
Θ

−ρ

φρρ
φρΘ

φρΘ
√−π

−

φρρφρτ)ρ−(
ρ−

ρ−

φ−φρ−ρ

φρρφρτρ−

√π
−φ

ρ−

φρφρ

→√−π
−φ

ijkBl-mSnopkBqjrSistulcmSqsvwSxuktuy$qjz3mS{|(yV}"no~B�G�|(xuw.~Bp"{Sp(y${.���l-��p(mSv�xukBqjrSijtclcmS�� ~Bm.�_|"mSq�o� �u�

1/2
0100

2

1

2
1

20
01

0
0

1
0

0

1

1/2

1

2

0

2

000

00k1

1

2

2

2

00k

2

1
1

2

2

1

2

1

S
12

2

1

23

1

00000
1/2

0

2

1

2

20
01

0
01

0

1

0

2

11

2

0010

2

1

2

00000
1/2

0

2

1

2

0

1

0

2

1
21

1/22

1

2

1

2

211

1
12

2

1

2

1

1

��
��



































-i-i-i

-i-i

i

i

-i-i

-i-iai

a

i

a

�.�D�V������������ �� �D���<�$�D�

φφφ

φφ

φ

φ

φφ

φφπφ

π

φ

ρ

k
k=2

n

Σ



 !"#$%&'()*+,-.//
01(20 !3 )*45/6738(19 76:;<+*-8=1> ( )9=1? 3@" 4 (1AB +,CD%EFG#GHEIGJK#LM D%EFG#GNEFGHOP "!3@Q =1-.:

 !3 )*45/67 E9RST( / QU"!& )*V6+  !9 /6VW -'/ SH0 /X<"! 7 " +*/  )*-.Y27 "& -.C
&'(1Z )3 ),[\)*76/6) !" >87 " )&'" +  !(1 #" >87 " )&'("!] ),7 01(] )*7  !38( -'Y17 ( C>  #"? "!02(1Z ) QU^_ :

$%& )

9 / &.`/ Q )*)  3 ),[\)*76/6)? 3 ) & ? " - "!Z )*7X/6) ^a  #"b 3 /676/ QU( C
> ( +  / EQ 76/ QU" V? 3 ),76) W 3 ) Z ),76/6)" ? 3@(19R&'(2 Y>  #" W :? "!STZ ) ^? 3 ) & +  #(19 -.),7 "W = & )  

+ 9 / & )  )*-.Y2+  !9c"d /6+,-.)*767 " ) !3 )*45/676: E9 7X=  !3 /S 7 (10/ STQ )*76C1)  > ( +  YQ 76/ QU( C
01(20 !(20+*-8=1> ( ) ^a  #"!Q976),+*? 38(29 ) & -'/ 9R(+ 3 ) & 76) Q" ) "!3 ) QU($%"#9R"!3 C ^e  !38"#$%"

9 / &.`? 3 / Q =  +*-8=1> ( )a  #"!Q9M D%EFG#GNEFGTfRLg 38(29 76)*7X/6C"!] ),7 0 = E] )*7  !38( -'Y17X= A
 !" -.Y 01"38( +,+ QU"! #3 / Q_ :E/< (13@(101 ) 3 /6+  / 0/67  ) $%3@( -.Y176:;<9 :;>@/6+*-.),76/ A

,
1
===

,==,==

¨

(4.11.17).
)(

+sin
2
=

,
)(

+sin
2
=

(4.11.16),
1

+

3

4
=

,
1

+

3

4
=

(4.11.15)

.
)(

2
+sin

2
+

3

4
=

,
)(

2
+sin

2
+

3

4
=

304

c

U
UUU

aaa

all

a

G

G

l

a

al

a
c

all

a

G

G

l

a

al

a
c

cc

aac

G

GG
U

cc

aca

G

GG
U

u

all

Ua

G

G

l

a

al

a
U

G

GG
aU

all

Ua

G

G

l

a

al

a
U

G

GG
aU

UU

−

τττ
−

−
−

)−(π

−
−

)−(π

−

ττ−
π

−

ττ−
π

−π−
)−(π

−
τπ

−π−
)−(π

−
τπ

h.i.j.klm\nopj.qrstn;m\uvjuwti.mrxyz{|rj.n}mr~��@x�st�vs

0

21

02121

1/2

2

222

2

3

1

22
-1

1/2

2

22

2

21

1/2

1

222

1

3

1

21
-1

1/2

1

22

1

12

2112

22

3
11

3
21

1

2

2

1

2

2

2112

22

3
1211

3

1

2

2

1

2

1

1/2

2

222

12

3

1

22
-1

1/2

2

2

2

1
1

2

2

1

2

22

3
2

1/2

1

222

21

3

1

21
-1

1/2

1

2

1

2
1

2

2

1

2

11

3
1

��



























 !"#$%"&'("&)*"#+!,!-./0 + ./1 "&+2,!3$%4567+!4. +!4854980 498:
+!45;<6=45+24>/? 0@A' ./B " 0C +!4DEF +285GH,!IJK8 . 'L 2MN"&85O#+!45I+!"#,!;P6="#O 0 +!45I . 894QRS%"

D . $J'("7T
60 $J"&)*,!+ . 67"&$%UE+ . O 0 "&- !"#$%"&'("&)*"#+!,!IV $%"#SWO 0 496=,!'0 $J"&)*,!+XK$%4567+ ? USW6 F U

O&M F5Y 45-$%45O#O&' ./0 $%,!' !$ . O 0/.@0 ? :Z 45SW,D . $J' F M2K+!+ ? U" !$%, > MN, B6 ? 67"&SW"#+!+ ? U
0/. Y + . O 0/A. GH"#+!, 0/AY 0@. >/?$%" 1 "&+!,!" :Y ,!O#MN"&+!+ . "0/. Y + . "+ F B + .+!45'[ "& 2"&$ A

+!45 2$%I B "#+!,!-XK8 . +!GH"&+ 0 $%45GH,!,8 .@\ D2D ,!GH,2"&+ 0 4SWMNI6 ? $J4 B "&+!,2"0"SW4]^_ K`a@abK`abcde
6]^_ K`a@abK`aPf7eV . SWO 0 45+ . 6=8540 $J"&)*,!+ ? KO .@./0 67" 0 O 0 6 F 3g)*"&-GH"&+ 0 $%"6$%45O# . M ./B "&+!+ ? '

8 .@. $%SW,!+24 0+!4 Y 45M . 'O8 .@. $%SW,!+24 0 : . MWI5$%+ ? UO&,2O 0 "#'("
6SW"#-!O 0 67, 0 "#M A + .]^_ K`a@abK`aPf7e66 ? $J4 B "&+!,2"854 B S . "Y 0@.6=O# . '(,!+!49"&' :hi?

]^_ K`a@abK`a<j=e :,]^_ K`a@abK f=eO . QRMN45O#+ .
6=,!S : !$%,2' F 00 $J"&)*,!+!4 . 67"&$%UE+ . O 0 "&-V "&$J"&'("&)*"#+!,!IF '("#+ A51 45" 0 O&IkK\ +!"#$%QR,2I,!U

O&M F5Y 45" : !$ .@0 ,!6=+ . '6+!45 2$%456=MW"&+!,!, :. S%+ . '6SW"#-!O 0 6 F 3 0+!45Q/$ F ;<85, !$%,2M ./B "&+2+ ? "
8 . QRSW4\ +!"#$%QR,23 :,!UF 67"&MN, Y ,!6=45" 00 $J"&)*,!+6=;<45,!' . S%"&-!O 0 6=,!"Y 0@.]^_ K`a@abK`ablde :,!;m O&+ .

,!'("&+2+ . :4: !$ .  . $%GH, . +!45M A +!40 $J"&)*,!+ ?\ +!"#$%QR,2I+!45Q/$ F ;<85, :
. S%+ . $ . SW+ . -O&M F5Y 45"6Y 0@.C 0 '(" 0 ,!' :n SW"#O A

305

(4.11.20)),,(2=),(

¨

¨

(4.11.19).
)e+(

e+3
+

cos2++

1

)(
+

2)(=),(

,
)e(

e3
+

cos2+

1

)(
+

2)(=),(

.=

.)/((4/3)=

(4.11.18).
)(

+sin
2
=

f

fa
G

GG
u

ll

l

G

G

llal

U

G

GG
au

ll

l

G

G

llal

U

G

GG
au

UWUW

GGGaU

all

a

G

G

l

a

al

a
c

φρ)ρ−(
−

τφρ

ρ

ρ

φρρ−π

−
τρ−φρ

ρ−

ρ−

φρ−ρ−π

−
τρ−φρ

τ
−τπ

−
−

)−(π

opqbrNs9tuv/wRx/y%zd{|o=s9}~g�%���k� s%x/y

� v � r �2� � vJy

���=�P�R����=���R���p�b�R����R�p��p�7���H�R��#�d�&���=�2��#�p�9�=�&�R�#�7�9�E��P���#�R���p�=���R���b�b�R�  �=�9�^�&�R�¡�¢ £p£

1/222

1

2

2

1

2

0

2
1

2

221/2

2

222

1

1

2

2

1

2

2
1/22

2

2
2

2
1

2

221/2

1

222

2

1

2

2

1

2

1
1/22

1

2
1

0

12

2

1

2
0

3
0

1/2222

3

1

2
-1

1/222



































-i

-i

-i

-i

φ

φ

φ

φ



 !"#$%&'() " '*+,$-./01(23 %45
6789: + , 3 '(; 29: 5< ,$=>/ ;'(; /?6789@ '*'A 67,B@>/ 37C 678: % / 3 ,$DE8 ; / % 291(," ,BF 3 8

3 %45: ' 1(F C %45 671(,$: ; 2% ,BFG896 '(H < ' -7/0: "IC9J' < /0/ ;KLM  NOBOP !GQRSDT 1 ; /?FG678 %
A /?67/ < /01*1(UV/EW1(,$DEUV/DXDE/ %4'< UY 3 /?:02

'(; /?6789@ '*Z WA 67,B@>/ 37C 67U
3 %45DXUV6.89=>/01 ' /C93 , # 1(,B/;/3 8KLM  NOBOP [ SDKLM  NOBOP !B\XS] , 3 : ; 891*,$D " 8; 6./0^ ' 1(U  

'() , %4' 67,BDX891*1(, Z3 %45A 896.8 < / ; 6 C=>/; , <_C"; 6./0^ ' 1(8D ) 8 ' < , 3 / Z : ; D C9J ^ '*+
1(8 A 6 5 =>/?1 '(Z" ,B1(@>/01 ; 6789@ '('" ,B` H*H*' @ ' /01 ; 8, ; 1(,$ab/01 ' J6789DE1(,A 6 '*#$%4'()c'(; / % 291(,

) 1*89-7/01 ' //0F$," 8 "; 8 "dSdK</1(8 ) ,$De U
; 6./0^ ' 1(U  '() , %4' 67,BDX891*1(, Z3 %451(8 A 6 5 =>/?1 '(Z" ,B1(@>/01 ; 6789@ '('" ,B` H*H*' @ ' /01 ;/0: ; 2

F 3 /

, # 678 ) , < W: % / 37C9J ^ ' <DXUV6.89=>/01
# U ; 2< ,$=>/ ;1(8 A 6 5 =>/?1 '(Z" ,B1(@>/01 ; 6789@ '('" ,B` H*H*' @ ' /01 ;'d-789: ; 2< 1 ' <_C9J

A 67/?1(/ # 67/0-72< ,$=>/ << U" ,B1(: ; 8I1 ; 8 d3 / Z : ; D '(; / % 291(8 5/0: ; 2" ,BF 3 8: % C -789/ df

:0,B, ; 1(,Bab/01 ' /RW-7/?67/ ); 6./0^ ' 1D ) 8 ' < , 3 / Z : ; D C9J ^ '*+1(8 A 6 5 =>/?1 '(Z
" ,B1(@>/01 ; 6789@ '('" ,B` H*H*' @ ' /01 ; , <::0D 59) 8I1(USdY 1(8I-7/01 '*5; 6./0^ ' 1(U  
'() , %4' 67,BDX891*1(, ZA /?67/ < /0^g/?1 '(5 <"; 6./0^ ' 1D ) 8 ' < , 3 / Z : ; D C9J ^ '*+A ,$DE/06 + 1(,$: ; / Z

⌡
⌠

⌡
⌠

,20,=

,=

].)sin/[(sin=,)cos2+(=

(4.11.23).

)ee()cos2++(

)e+)(ee+(2),(
+

)cos(

),(

)cos(

dd
1

+

12=),(

¨

¨

]e+[
2

=)(

(4.11.22)),,()(=)(

(4.11.21)].)e,(+),([
2

=)(

306

al

al

alr

rllr

rrlrlr

rlrrlrf

G

G

+2rrr+r

rf

a2lr+r+l

rrra

a
G

GG
u

af

GG
G

a
K

afKK

f

afGafG
G

a
K

f(a

→ψ
−

φρ−πψφρ−ρ

−ψ

−ψ

ψ−ψ

ψ

−ψ

ψ)−(

π

)ρ−(
−

τφρ

φ

τπ
√−φ

φφφ

τ

φτφτπ
√−φ

φ

hijPk4lImno$pGq$r7sRtuhXlIvw k.xItyocz{oRm

|4}4~4���b���~4�����V�b��~���}4��������~4�������.�>�����

-11/222

20
000

2

0

2

0
0

0
000

1

2

0

00

1/22
0

000
1/2

0

22

00

2

2

1/222

1

2

2

1

2

0

2

210
1

0

0

2

0201
1

�

















-i-i

i-i-i

00

22
00

22

a

i

i

ψψ

ψψψ

π

φ

φ



 !"#$%&'()*+,-./0'123+ 45%6789&:;<'$%=:>-?%@A.2<'&'0B%*C<'DA./<'3C>-$%DA&'&B%*CE+F:F:&'DA&:./<'3+$*+3C<'*+G7./<:&'6
>-$% 4<'$='>-&:H+IJ&'"#&'3+./IKL%<'*MNOPQCQROSQT $%HCIJ&'DA. 1/3C>-*+B%$U ./>V !$%?OQ#W='>-.2 !XYG7$%6Z8[.20

<'.*+G7&'HCB%*+0*+3C<'*+1/&:3+./IJL\<'*+01 !XY='*CIJ<'.2<'XH+XYIJ& !XY]V&'1/IJ.2<'&'?^ 1/.

1/3C$%3+L\.*+>V&'_N&'<'$\IJL%<'*+0 >-.2"#5%IKL%3+$%3CX
]-&'12IJ*+ 4XY.,K*CH+$% !*C]-<'XY.<'$%0:3+&()*+@A.23` &'3+$\3+./IKL1/*C*+3+ 4./3+123+ 45\6Z8[&';

 !"#$%&'()*+,-./0'123+ !&'0:aH+IK&'"RB%&:;<'$%&:H+*+IJ.2.,KIJ?MNOPQCQRO b a&MNOPQCQROSQT $%HCIJ&'DA$%;
 ='>-.2,K1/3C$% !IJ.2<'Xcad !"#$%&'()*+,-./0'123+ !&'?Fe5%<:B%DA&'&"R<:$%]-./<:&'?f ./B%*C3+*+>VXY.

<'$%_+>V5%"#B%& O1/,- !&'_N$\6Z8[./0,K.20'1/3+ 4&'./(='*+,
3+>V./8[&'< !"#$%&'()*+,-./0'123+ !&'.2(&<'$%_+>V5%"#B%&'a<'*+>V()$%IJL%<'*C0,K.20'1/3+ 4&'./(='*+,3+>V./8[&'<

 !"#$%&'()*+,-./0'123+ !&'.2(()./@A,V5>-$%"#<'&'Dg5 !*C"R()*+@A<e5%6()$%B%12&'()$%IJL\<'* !XY?\ !&'3+L]-3C*+H+X
='>-*CDA./,-5\>-$%;:a]-&'12IJ./<'<:XY; !12./; !*='>-&:<'?%3+*H+XYIJ*"R<:$%]-./<:&'.E+3C*&Q#hij a>-$% 4<'*

3+.2IJ$&'"#*+3+>-*C='<'*+_+*,KIJ?h*+3C<'*+G7./<:&'?"R<:$%]-./<:&'.k $%B%12&'()$%IJL%<'*C.d MNO MNOPQ#M clc O1
d MNOPQmO n cd 1/>-$% 4<'&<'$%_+>V5%"#B%&<'*+>V()$%IJL%<'*C0,K.20'1/3+ 4&'./(='*+,3+>V./8[&'<'$ !"#$%&'()*+,-./0'123+ !&'.

&B%$\B1/$\()XY(oa@A.3+.2(?% 4IJ?%./3C1/?<'$%_+>V5%"#B%&1/,- !&'_N$\6Z8[./0,K.20'1/3+ 4&'./(='*+,3+>V./8[&'<
 !"#$%&'()*+,-./0'123+ !&'.>-$% 4<'*+(p5U 5%$%121/*C<'$B%*CE+F:F:&'DA&:./<'3C5E+B\ !&' !$\IJ./<'3C<'*

5%12IJ*+ 4&'.E+3C*3+.2IJ$&'"#*+3+>-*C='<'*+_+*d ,KIJ?B%*C_N,K$1/I-5%]-$%.2a^
3+>V./8[&'<'$%()& O()./@A,V5>-$%121/3C*+?%<'&'?()$%IJ*C_N*='>-*C&'"R 4*+IJL%<:*,KIJ?1/;e*+,K&'3C1/?

3+.2*+>-.23+&']-.21/B%&&'3+.2>-$%DA&:0='>-*CDA./,-5\>-$]-3C*&'12B%IJ6Z]-.2<'*+a<'.,K*CB%$%"#$%3+./IKL%1/3C !$%a1/3C>-*+_+*+_N*
&'()./.2(<'.()Xq *+3+?>-$%HC*+3+$\3+L O='.2>-./123+$%IJ$='>-*C1/3+*&'<'3C./_N>V$%IJ*+ 4a !XY]V&'1/IJ.2<'&'?

,KIJ?&'12='*+IJL%"#*+ 4$%<'$H+XYIJ$B%*C3+*+>-$\?H+&'HCIJ&'*+3C./B%&&'"='>-*C_N>-$%()()$
1/3C$%<',K$\>-3+<'$\?]-3C*='*+3C*+(p5%a$>-$%12;:*+@A,-./<'&'?\a&'"Rrp"R$<'.<'*]-.2(H+IK&'@A./a

&',K3C&1/()*C_NIJ&<'.k XOQ#W]-.2(()./<'L\G7./a*+G7&'HCB%&*+3C<'*+1/&:3+./IJL\<'*+0()$%B%12&'(p5%()*+(
13+*C]-<'$='>-$\B%3+&']V./1/B\&,KIJ?&'3+.2>-$%DA&:?='.2>- !$%?f $%='>-&:(o.2>-a3+>V./8[&'<'$%()& O

()./@A,V5>-$%121/3C*+?%<'&'?5% 4./IJ&']V./<'&'.2(15%IK5\]-G7$%.23+1/?&'3+.2>-$%DA&:&='.2>- !*+0T *+]V<'*+1/3CL
OQ#W]-.2(()./<'L\G7./a1/3C$%<'*+ 4&'3+12?

*+G7&'HCB%$B%$\B3+$\B>-.2G7./<'&'.2()a3+*C]-<'XY(='>-$\B%3+&']V./1/B\&1/]V&'3+$%3CL%1/?()&'@A.23&'3+.2>-$%DA&:?
G7./123+$%?&bNO s4t a]-.2(()./<'L\G7./a*+G7&'HCB%&*+3C<'*+1/&:3+./IJL\<'*+0()$%B%12&'(p5%(&'()./.231

&'3+.2>-$%DA&:?='.2>- !$%?H+XY123+>-*Nu1/;e*+,K&'3C1/?&>-$%,-&:5%12$ c a&';*+3WNO WeQ>-$% 4<'*3+>V./8[&'<'$%()&
()./@A,V5>-$%121/3C*+?%<'&'.B%>-$\3+]-$\0'G7./.B%*C_N,K$1/I-5%]-$%6Za1/*C*+3+ 4./3+123+ 45\./3d ]-3+&

,KIJ?1/;e*+,K&'3C1/?&'3+.2>-$%DA&:0='>-*CDA./,-5\>-$]-3C*='*+B\$%"RXY 4$%6Z3+a !XY]V&'1/IJ.2<'&'?U >-?%()XY.

307

1989).(Fabrikant,

2.01.=

0),=

0=

IMSL,DBLIN

,2.01=

10=

1=

,2.01=

l/a

f

GG

G

al

l

f

al

φρ

ν

vwx!yRzN{|}x!~w�Nv���ymzN~���N��x���4~w�AzN��2���/{|�!�:��2���\�!}/�N}2�4�\�e�yR��}2zN�g��x!~w�Nvw�mymzN�� �!z\�l�/zN~�|� ���

�g�

��� �|� �m������ �|� �m������ �|� �m������ �|� �m������ �|� �m������ �|� �m������ �|� �m����|� ���
��� ���m���m���� �������#���� �|���m�m���� ��� � ������ ���|� � ���� �����!� ���� � �4�l� ��|� �2�
��� � � �m�m���� � � �4�l���� � � �|�4���� � �m�m�R���� � � �|�#���� � � � � ���� ���R�m�m��|� �R�
��� �����R� ���� �2�m�R������ ���m�m�C���� ��� �m� ���� ���|�m�#���� � � �m�m���� �R�m�C����|� �2�
��� ���C�������� ���|�4�l���� � � �m�m���� ���|�#�|���� �����R�m���� �R�����m��|� ���C� � ���� ���
� � ����m��R��|��#�����

x!�C�¡4}2vw��¢£ x!~w�Nvw��yRzN��~w�!¢/�N}2�yR��}2zN�g��x!~w�Nvw�mymzN�¤ �/�N�/¥¦z\��|� ����� ���§ }/¨m�CzN¥V}

� �

� �

2

©ª

φρ

al )2.01=



 !"#$%&'()*+,-./012 $)*+,-3  !4# !56$%$ !"#$%&'(47$89:; + (1< 0 <= !>?  !@ + 01A  => 0 &'BC$
DEFGHIJ=JKHIJKLMNOH> !P'4#$ ) $ + $%&' @ ) $Q 0 Q>RST"#B A + $8&'SU S + B9V& 0 "7$%&CB -

&'&'ST$$W 47B U + B 2FGHIJ=JVH XRHYZ01U + B'[\$>) 0 &C <!4#$%]/B'&'S NB'9: + B'47 => 0 &C&' !^_ &'$847@GBC`
 U  !9V& 0 " 0 $8<Da <!&' =56$%&'B'$DEFGHIJ=JKHIJKLMNOHb  !4#cd; + $A  =@ + 01A &' 47$89:; + (1< 0 < 0 ceB

P'47B U + B'9:B'<!$ + (1&'STceBA$%@! A 4 0 >R&'BC<!(B) 0 &C&'ST$>RST"#B A + $8&'&'ST$B A P' + (19f; -g
<!4#$%]/B'&'S_ &'$847@GBCB9V& 0 "7$%&CB'$<! ="7&' !$>RST"#B A + B'<=(ce 2 $8ch SFGHIJ=JVHiJ:jRNkHDEFGHIJ=JKHIJKL>
) 0 &C&' !@G 47$856$%&'B - g0 & 0 + B'<!B'"#$ A Q  !@G <! ="7&' A <!( ![\$8&'B'<!(<!$8P'$%47(ce 2 $8ch S

JKH LRl*JKX=H$ A <!(& 0 @!4#;19 Q B&' !4#c 0 + (1&' =^A + ;1" 0 $>9V& 0 "7$%&CB'$
A  = !<!>m$%< A <!>m;n`o]/$%$Q 0 Q>R4#$%c -<! >FGHIJ=JVHiJfN gD YZ01U + BC[ 0pGHIJ:F,JVj4 0 >m&' 

BA + ;1" 0 -)*+,->R9 0 B'ce ) $%^ A <!>RB -bC0 Q <! !4 09V& 0 "7$%&CB'$c 0 Q A B'c 0 + (n&' !$
qr0 P'47BCcs$84 g& 0 @!4#;19 Q B H&' !4#c 0 + (1&' =^) $8^ A <!>mB'$%cP' )>R9 0 B'ce ) $%^ A <!>RB'$

"7$8cA B + (1&'$8$ g& 0 PC4 0 > + $%&'B'B N2 $<! =c><!4#$%]/B'&'S U $& 0D ) $%^ A <!>m;n`o]/$%^
& 0 @!4#;19 Q BA ) >RB'@ 0 `o]/$%^) $8^ A <!>mB'$%cP' )<!4#$%]/B'&>R9 0 B'ce ) $%^ A <!>RB'$"7<= P' Q 0 9VST> 0 $%< g

FGHIJ:t gA $ Q [\B'B>) 0 &C&'STceB47$89:; + (1< 0 < 0 ceB gA? 4 0 >m&'$%&'BC$
B)*+,->R9 0 B'ce ) $%^ A <!>RB -b ;1& Q [\B'B

9V& 0 "7$%&CB'$B'&'<=$%47$ A ;1$8<& 01A$ A + BA  U + ` ) 0 <!( A - g)  + 2 &'SP'4 0 >RB + 0? + $ ) ;1`o]/B'$
)*+,-P'47$ ) A < 0 > + $8&'S< 0nU + B'[ 0 3>./0 &'&'ST$<!4#$%]/B'& 0 ceB Hce$ 2 ) ;

4 01A8A <= - &'B -;1>m$ + B'"#$%&'B'$8cAce$%&'(n5 0 $%< A -U S A <!47  !&' B" 01A <!B g) $8^ A <!>mB'<!$ + (1&' =^
A  = !<!>m$%< A <!>m;n`o]/$%^ !<LmuP'47$8>R A 3  ) BC<&'$" 01A <!Bce&'B'ce !^9V& 0 "7$%&CB'$
c 0 Q A B'c 0 + (n&' !$47$856$%&'B -vw0 & 0 + B'<!B'"#$ A Q  !@G P'47B U + B'9:B'<!$ + (1&' !@! >RST>m ) $P'47B

>R9 0 B'ce ) $%^ A <!>RB -b ;1& Q [\B'B" 01A <!Bce&'B'ce !^P'47$8&'$ U 47$ 2 $8&'B'$& 0 56$ !P'4#$%> ) ST> 0 `o<
FGHIJ=JVH pYZ01U + B'[\$>./0 &'&'ST$& 0 @!4#;19 Q B H ) &' !47 ) &' !^2 $<! =^) $8^ A <!>mB'$%cP' )

<!4#$%]/B'&'SB'9: + B'47 => 0 &C&' !^& 0 PC4 - 2 $8&'B'^Q  =&'[\$%&'<=4 0 [\B'BQ  _ bCb B'[\BC$%&'<=;Q<!4#$%]/B'&

2.5.=

),1/(1=

¨

1/3=

2.01=

).2,(=),(

)2,(=),(:>

.0

308

l/a

ccW/W

WW/W

W

/GG

al

ff

ff

≥
−

−

φ−πρℑ−φρℑ
φ−πρℜφρℜπφ

π≤φ≤

xKy zxKy {xKy |}~y �|~y �|~y }|~y |�I�C����,�G���8� � y |~��z:|~z� y |~�K��z:�� y |~��xKxKx� y |8{Kz:|K}� y |8x � ��{� y | �E� xV�� y |�|K|K�~x�G�m�G���=�G� y � y ��� |K|K|� y � |��V|~x� y |~�K�V} �� y |8zKxV� �� y |8xKz �E�� y | � �V�K|� y |�|K|K�~x�����m�G���
}~y | �}~y |�}}~y |8{}~y �}~y {xKy |� |~y |

�m�f�,���n�G�8� y�G�G�������G�m�G���=�G�������m�G������f�����=�8�f�G��� ���G���,�f�G�G��~y ��� y xKy� �%�K�=�G #�

|~y |�|K|K|K||~y |�|K|K|K||~y |�|K|K|K||~y |�|K|K|K||~y |�|K|K|K||~y |�|K|K|K||~y |�|K|K|K||~y |�| |~y |�|K|K|K|¡ |~y |K|��K|��¡ |~y | �K� | �¡ |~y | � |8z:}¡ |~y |K|~z�x:�¡ |~y |K|K�8{Kz|~y |�|K|K|K||~y }8{ |~y |�|K|K|K|¡ |~y |K|�� � z¡ |~y | � �~zKx¡ |~y |K} ��� �¡ |~y |K}K� � �¡ |~y | � {V}��|~y |�|K|K|K||~y {V| |~y |�|K|K|K|¡ |~y | � |8{Kx¡ |~y |K}~{ � z¡ |~y |K���K}K}¡ |~y |~{:��}K|¡ |~y |K�K}8{:||~y |�|K|K|K||~y � {
|~y |�|K|K|K|¡ |~y | � |~�V}¡ |~y |K} � xKz¡ |~y |���z�xK{¡ |~y |���{V|~z¡ |~y �K� ���~z|~y |�|K|K|K|� y |�|
� z:|� xK{�V|�~{x:|� {|

¢R�=��m�8�f��£ �� �¤�G�n�¤�8�¥V¦§�8�G�¤��¢R�f¨G�f�K¥K�G�© �%�G�% v�n��~y ��� y }~y� �%�K�=�G #�

�,ª,«,¬®6¯°±«,²Z³�¯T®6´v«´µ�ª,®Z¶ �·¸ «,¯¹®Zº�»#¶\³�¼v³

½

½

0

0

12

φρ

l/a

WW

al

¨

2.01=



 !"#$%&'()*+,-.+$/0'12 0'34$/0'5#&6.()*+7)8%9+5:*4;8/<=/0',-0'>?8/$%*3)":@A 06,B.+CD"#E&'(4"#FG8/$/*+@H8
>?IJ*+8/@H0'7)"#1/5:&'>K9+LDFM8%@N8@H"#O!749()*+5:5#&60'P+$/8/"Q+06RS7-*&'063)$/TU@HE7-065#&'*+&60'3)$/0

V ;WX6XY;ZXJ[?\] V ;WX6X^;WX^_()":CD"#$/8/"*+$/*`,B8/&'8/34"#5#Q`0'"5#348/&'*+&6.@H0'O!":@@HT8@H*+,B*`E
0'34"#$/.0'CD8 A Q+** A 5#0',BLa&6$/*+P3)*+5:&'.+Lab7-":1/5#&'>K8/&'":,B.+$/06155#(4*+>?$/":$/8/L=/0@H*+,B*
3)*+5:&'.@H$/8/@H*+P3)&60c *+Q`&'*+E&'06RS08/IYdeIY*=/()068/5#<%067-8/&f &60>?":,B8/Q+*`E3)*+5:&'8@H$/8/@H0'1

0'CD8 A Q+*0'&6$/0'5#8%&'"#,B.`$/*+Pg 0'&'P7-,BPhKi=/()":>?TUCD*+":&$/">?IJ*+8/@H0'7)"#1/5:&'>?8/P
c *+Q`&'0'(4*3)*+5:&'87-":1/5#&'>K8/&'":,B.+$/0610' !":$/Q+8 !"#$%&'()*+,-.+$/0'10'CD8 A Q+*j &'$/065#8/&6"#,B.+$%*+P

V ;WX6XY; V ;2 * A ,B8/ !">IY$%*+3)"#$%8/P+@H8&'063)$/TU@H85"#R'05#(4*+>?$/8%,B88c 0'(4@e9+,B"
=/0'5:,B"#7)$/"#15#06RS,B*+5:$/0\E]>?IJ*+8/@H0'7)"#1/5:&'>?8/Pc *+Q`&'0'(&'06,B.+Q+0>?TU348/5#,B8/,-8k T

c 0'(4@H"Kl>] V ;WX6X^;WXY[K\mE5#06RS,B*+5:$/0IY*`=/8/5#*`$/0
A TU&6.@H0'O!":&>?IJ*+8/@H0'7)"#1/5:&'>?8/Pc 9+$%Q+ !8/87-,BP>?TU(4*+O!"#$/8%"n $/*+,-8/&'8/3)":5#Q+06"

V ;WX6XY;ZXo\p;
2 * A ,B8/ q9] 5#@H0'&'(48>?IJ*+8/@H0'7)"#1/5:&'>?8/Pf c%c "#Q+&60'>,B06Q+*+,B8/IJ*+ !8/":19+IJQ+0'1$/0"0 A6r P+5#$

A TU&6.@H0'O!":&s &'0$/":IY$/*+348/&'"#,-.+$/0`;0'34"#$/.&'(4"#FG8/$>?IJ*+8/@H0'7)"#1/5:&'>K9+LDFM8%<
f $/":()RS8%89+>K"#,B8/34"#$/8/"3)&60c *+Q`&69+E&'06@e9A ,-*+RS0'7)*+()P=/()068/5#<%067-8/&f &60Q+06$/"#3)$/06E

V i b=/()":>?TUCD*+":&$/"0'CD8 A Q+*0'&6$/0'5#8%&'"#,B.`$/*+P>?IJ*+8/@H0'7)"#1/5:&'>?8/1A ,-8/IYQ+8%<

309

.2.5>

.
)e(

e3
+

cos2+

1

)()(2
+1=),(

¨

2.01)=(

al

af

ll

l

G

G

llal

U

GG

G
f

l/a

−

φ

ρ−

ρ−

φρ−ρ−π−τ
φρ

tou?vYwSxyzu?{o|St}~�v^wS{}��S��u~��K{o�!wS��:���#xy�?�%��:���`�?z#�Sz:�K�`���vY�mz:wS�q��u?{o|Sto~^v^wS�� �?w`���#wS{�y� ���

� � ���� � ��J� � �� ��� �� �y� ��y�^� �� � ��W�%����BwS���:z
� � ���^�^�^�  � � �^� � � �  � � �^��� �K�  � � � �m¡�¡Y�  � � �^�y¢�� �  � � � � � ¡ ¢� � ���^�^�^��S�S��{{�S�KwS���6wS£
� � ���^�^�^�  � � �^� ¡ �^�  � � � � � � �  � � �^� �'�m¡  � � � � �y�^�  � � � � ¢�� �� � ���^�^�^�~���¤K�S��{¥ �SwS� �
� � �� � ���� ���� �� � ��y� �� ¡�� ��W�%����BwS���:z� � � �

��� ������� ���� �:�J�^������ �:�^� � ���� � � �^� ¡��� � ¡Y� � ���� � � ¡�� ���� � � � ����S�S��{{�S�KwS���6wS£
��� �:�^¢J� ���� �:�Y� �y���� � � �Y� ���� � �^�J� ���� �:¢^¢J� ¡��� � � ¢J� ¡��� ¡ � � ¢ �~���¤K�S��{¦ {}|Sto~�v �
� � ����^� ����^� ��m¡�� �� ¢ � ��y� � �� � ��W�%����BwS���:z

� � ���^�^�^�  � � �^�^� ���  � � �^� �y¡?�  � � �^� � ¢J�  � � � � � � �  � � � ��� �Y�� � ���^�^�^��S�S��{{�S�KwS���6wS£
� � ���^�^�^�  � � �^�^� �J�  � � �^� �Y�^�  � � �^���y� ¡  � � � ��� ¢ �  � � � � ¢ �y�� � ���^�^�^�~���¤K�S��{¥ �SwS� �
� � �� � �� � �� � �� � ¡��� ¡� � ¢�W�%����BwS���:z� � � �

��� � �m¡^¡Y���� � ��� �^���� � � �Y� ���� ���y�Y������ �:� ��¡����� � �J� ������ � � �Y� ��S�S��{{�S�KwS���6wS£
��� � � ¢Y�Y���� � � � � ���� ��� � ��¢��� ��� ��¡Y���� � �6� � ¡��� � �^�^� ���� ��� �^�^�~���¤K�S��{¦ {}|Sto~�v �
� ¢J���� �� �^��Y�¡ ��J��� u?{ox � �Z§

vY�mz:wS�q��u?{o|Sto~^v^wS�¨ z#�:~����Kzu?�6�
�K{o�B{}�`wS|�S�S��xy�{�S�KwS���6wS£w~���¤K�S��xy�© �Kz#vY�S{o�SwS{�y� ����� �y�ª z#�^�6wS«4z

2
1

2

221/2222

2

2

1

2
0

1









-i

-i

φ

φ

φ

l/a

¨

¨

¨

¨

¨



 !"#$%&'(#)*+, !-!./01#23 !4*+5 !63&'"#4*-!-
1#23789%9%-!4*-%+5 !68":;<=(>?@A&B"#)*+5 !-%+:;"#C,6DEF 0GH3HI0GHIJKL>DEF 0GH3HI0 MNOKL$!28:'C568"P !28>?1P"-

DEF 0GH3HI0GHQR?LST
-DEF 0GH3HI0 U?LC523VN<="#C, !29%28&BWXY$!&'-%WZ+,668&B+5[\-! !@$!28>]+5&'^_ !28C563+5.` +5&B+5Wa+5[\+, !-!+

68&B+5[\-! !@b0-!cQ28<=-!&'23>?"# % !28.C5<'Y#d'"#eC5232868>]+568C,68>]YP+56VN:'+

>?-!:=T$!&'-%WZ+,6&'+,fg+5 !-!+6823VN:;"hd'"#C,68iWa !-!WXY#eW+$!&'+, !+5j3&'+5)Wa@k C5<;-

Y#&B"#>? !+, !-!+5W\T
28:' !-!WDEF 0GH3HI0GHQM?L-!c !"+28$!&B+5:;+,<j8@A63iWa28)*+,6^%"#&B"#1#68+,&'-!C,68-!1-! !63+5VN&B"#<=i# !@A^

:;<=(284*+, !1#"l +5 !63&'"#<=iP !"#(0 !"#V8&BY#cQ1#-C5:'>?-!VN"Pem[\+5.28:' !28&'23:; !28.:;+,.!C568>]-!+5W
$!28: !"#^_28:;(#63C5(n &'+,[\-! !@068&B+5[\-! C523C5+5:' !-!^4*+5 %68&'"#Wa-Wa+5)*:BY&'"#C,C56328(# !-!+
-h&'"#>]+5 68&B+5[\-! &'"#:'-%Y#C` Y#C,68i0

68&B+5[\-! /0>?cQ"#-!Wa28:'+5.!C,68>]Y#eg[o-%^:;>KY#^C5<'Y#d'"#+>$!"#&B"#Wa+563&'28> !"#C
-! !63+5&'+,C,Y#em[\-!^:;<=(VN&B"# !-!4pY !-!)* %emej8<;-!cq1PYPe28dB+5 !i:;"#>]"#(28j3&'"#cQ28W68"P1#-!W

cq %"#d'+5 %-!( h6823d' !28V82 !-!)*+ !+,C51#28<;i#1#2>?C,+5VN:'"284*+, !1#"4*+5 %68&'"#<;i# !"#(d'632cq"PWa+568-!63i h
68"P1#)*+r 28)* !20&'"#C,C56328(# !-!(Y#Wa+, !i#fg+5 %-!+5WCY#^_YP:;fg"#+,68C5(j8@AC,68&'2284*+, !1#-

(4.11.25)

,
)(

1

)e(

e3
+

cos22+

+2(
+

2=),(

)/((4/3)=

(4.11.24)

,

)(
+sin

)(

4
1

=

¨

.
)(

+

sin
)(

4
+

3

4
=

¨

310

alklk

lk

G

G

lklk

)lkU

G

GG
au

GGGaU

alklk

a

G

G

kl

a

alk

a

U
U

U

alklk

Ua

G

G

U
kl

a

alk

a

G

GG
aU

U

l

a

l

−ρ−

ρ−

φρ−ρ
ρ

π

−
τ)ρ−(φρ

−τπ

−
−

−π−

−

−
−π

−
τπ

τ

 !"!#!$%&'()*#!+,-.(/&'01#02."!&,34567,#!(8&,9:;<3=-.>1-

1/222-22

-22

1

2

24

2

2

1

2

2

1

2

1/222

12

2

1

23
0

1/22

3

1

2
-1

1/222

0

1/22

3

1

2

-1

1/222
1

2

2

1

2

3











































22i22

i22

2244

22

22222

2222

2

?@A!BCDEF4GA!H<I<G4JKLA!M!NO BPQPR!S@G4BCT!G4JKU

φ

φ∞

∞

∞

k=1

k=1

k=1

Σ

Σ

Σ



 !"#$%&'()*'+,-'+./+"0 - !1 02345.67898:6 ;9<=>? -'$%(@A,BC"#DEFE"

G - G345.67898:678:HI>JKA9L.(@-'J#DEAD"A,ME N" 0 "#(L 0 "

"KJ#+,*
+, N"KOPFEDE-Q,DE"# !L.FRF0 (@12=S  N-'BC"KDEFR"T -'UV">W63JK(!&'X!-'YZ FEDR&'JF>3JK(!&'X!-'Y

JKA9A,+ 2 "K+,J#+ 2 A 2 -'+9*0 A9(@BC"KDME(@Y[J$\DR- G345.67898:6 ;,]^> /2A,ME"#X!-'+ G &A,XN" 2 F 0 DR&'Y_ - Z "#+,F Z
+, N"KOPFED S 6FE$%A,(@FE !A 2 -'DRDEA,`Q,DE"# !L.FRYA,a9A,$\DR-'X!-'"#+

FJKA9A,+ 2 "K+,J#+ 2 "#DEDEA,b>3F>3JK(!&'X!-'1 ZJKA9A,+ 2 "K+,J#+ 2 &c"K+$\DR- GL 0 "

2 F 0 /F Z "K"#+A,a9A,$\DR-'X!"KDRFE1'd
DE-'UVFRd220 -'DRDEA,"e S  !-cBC"KDEFE"#b+, N"KOPFED 60 "#fRA, Z -'ghFEF

Q,DE"# !L.FRF& 2 "K(@FEXN"KDEFE10 (@12=S  N-'BC"KDEFR12=Si2 "KJK+9F+,- G BC"e A,$ Z A,BCDEA
G A9L 0 -FEJ#X!"K$%-'Y[+,bME"# !" Z "KOP"#DEFE12 "# !+,F G -'(@*'D S "

Fj &'-'J#JKA9DE- > bG A9Q,fRfRFEgCFR"KDE+"KJ#+,*L 0 "> bk73l; !- 2 DEAA,+9DEA,UV"KDRFE"Q,+9A
JK(!&'X!-'"FE$%A,+, !A9MEDEA Z3 2A,+9DEA,UV"KDRFE1A,+$\- 2 FEJ#1'+ME"# !" Z "KOP"#DEFE12 "# !+,F G -'(@*'D S "

G - G+,- GME !- 2 FE(@*cDEA,ba S +9*Z A,BC"#+DE"m +,A6ME"# !" Z "KOP"#DEFE1L.A9 !FE$\A9DE+,-'()*'DEA,L,A
L.-c Z A,DEF G "JKA9A,+ 2 "K+,J#+ 2 &cY[OP"K`ME"# !" Z "KOP"#DEFE12 "# !+,F G -'(@*'DRA,L.A

L.-c Z A,DEF G Fn A,`$\DR-'X!"KDRFE"-'a9JKA,(@Y[+9DEA,"X!+9AMEA G -'$ Si2 -'"K+9b
o^<@8%>JK+9 6 !"#$%&'()*'+,-'+9A 2FE$p 0 FEDDE"#ME !- 2 FE(@*'D SiZ F 6

1 2 (@1'Y[+,J#1G A9+,A, S " !"#UV"KDEFEFEbFEd2Z "KJ#+DE"#J G A,()* G ADE-'UV()Fq S>W634r ()&'X!-'`
DE-'MR !- 2 ()"KDEFE1cdME !A9+,F 2 A9MEA,(@A9BCD S d20 "#`EJK+ 2 &'Y[OPFE"F> b34r ()&'X!-'`L.A9 !FE$\A9DE+,-'()*'DEA
DE-'MR !- 2 ()"KDEFEFBC"+,A Z2+, N"KOPFED SA,a9"DE-0 "#`EJK+ 2 &'Y[OP"K`DE-'L, N&'$ G FEbJ 0!2 FEL.-cY[OP"K`
A 0 DEA, !A 0 DEA,`0 "#`EJK+ 2 FE" ZMEA 0+, N"KOPFED S !- 2 D S "0)2 "0 "#+,-'(@1cd2 !-'J#J Z A,+9 !"K()F

 !-'J#J Z A,+9 !"KD 6a S (+, N"KOPFED S !- 0 FR&'JX!" Za,A9(@*'UV"Kb
DE- Z DEA9L.A+, N"KOPFEDE-gC"KDR+, !- Z FZ "KB 0 & !-'J#JK+9A,1'DEFE"G A9L 0 -JK(!&'X!-'`Ebs A,()* G A

-'DE-c(@A,L.FRX!D SiZZ "K+9A 0 A Z b !-'J#J Z A,+9 !"KDR-a S (@-+, N"KOPFEDG  N&cL.( S d
G A9ME(@-'DE-c !D S d2 $%-'F Z A 0 "K`EJ#+ 2 &'YVOtFRd0)2 &'dME !A9a,(@" Z -L 0 "

JK+9-'+,*cYA 0 DR&+,A9(@* G ADE-'UV()Fq S(@FE+9"K !-c+9&' !" 62A,MR&ca,(@F G A 2 -cD SG A9+,A, S "+," Z FEb
J !"#$%&'()*'+,-'+ SDE-'UVFJK N- 2 DEFR+,*FEDE+9"K !"#JKD SiZj  !" 0 JK+,- 2 (@1c"K+,J#1

<<

311

¨

(4.11.28).
)(

+sin
2
=

¨

(4.11.27),
1
=

)/((4/3)=

;=

(4.11.26),
9

16
+

5

2
+
5

3

3

4
1=

(1969),KeerandFu

0)).=(0=

...)1,2,3,=(

1969,Keer,and(Fu

KeerandFu1)=(

(1963).Collins

1969)Keer,and(Fu

all

a

G

G

l

a

al

a
c

c

c

W
W

ba

GGGaW

baa/l

WW

W

G

/GG

u

u

mm

b

a

a/la

l

−
−

)−(π

−

−τπ
ε

ε
π

ε)π(επ

ν
νν−ν

ε

u

uu

vwxyz{|^}

~��=�\�.�{��=���.~����:�.����.������^���C�.��#�I�K�{�=�R��#���c�=�K�.�#�^�c����\�l�#�.�h���=���.~��:�:�.�� �=�c�4�K�.��{� ���

1/2222

3

1

2
-1

1/222

0

12

2

1

223
0

6

2

53
0

2

y

�













12

���h =¡)¢) = =�h£@¤



 !"# $%&!'  !()*+,-+./012 ' ()*3"!456 '3& ,./-+7829:;2<45=!29>?@A-+7B.1*+CDEF./: '+A >G*HIJB"!K<0 '+A >G*
7B"!CL45*+J '+A >G*KEM>G2<K90/2$%&!'  !()*+=!N-+./012 ' ()*3"!456 ' "#=OP45"#E ' "#=:;" ' "Q :;2<K96

0/7829RS* ' I*+:;2 ' 0/*+J '+ATU !. '+$ *+O & 7B"!()*+*-+./4;*+OP. ' "!456 ' .1VK94 & JB"!VW "!K<K9>G./017B*+0/2X I

Y X IZ[1[\I ]F^_I -+7B*345./`)2 '3' ./V*+0/2<7B"!()*3*+N-+7B.1()29: & 7 AK U ./:;*+>G./K<0/6a K9K<4529: & V+0/2b I

Y X IZ[1[\IZ[1[c^dIe K<0/" ' .1EM*+0/2f I

Y X IZ[1[\I ]F^_IgHA EM2<:;*+0/2[\I

Y X IZ[1[\I f/h ^dIE A 78"!`)2 ' *3=:;45=K9.1i/45,j:;"#290/K<=' 2k 01.JB01.CD"#>G290/*+016!N? ./` ' .
:;45=Y X IZ[1[\I bFl ^KK9.1OP45"!K<./EM"#0/6!K<=:;.145` '+AY X IZ[1[\I f/m ^*Y X IZ[1[\I f/h ^$ ./78> & 4 A

./i12JB01../C ' "!JB"#290/Nk 01.' "!O/7 & CL !*+N' ./78>G"!456 ' .1V:;2<V+K90/EF*+29>-+./:EMCL"!*+>G./:B29V+K<0/EM*+,
k  #EM*+EM"#452 ' 0 ' .>G"!0/2<>G"!0/*3JB29K< !*' "!O/7 & CL !*K9:BEM*+OP"#,jRS29V:;2<V+K90/EF*+29>-+./:0/7829RS* '

EMCL"!*+>G./:B29V+K<0/EM*+2 !.1OP:;"K94 & JB"!2<NE7B" ' 2929N./01>G29JB2 ' .i A 45.n "! 

' "!O/7 & CL !*Ho
:;2<V+K90/EF*+29>-+./:0/7829RS* ':;E &!UK94 & JB"!=:;45=E A 78"!`)2 ' *32K94;29: & ,jRS2<2:;"!4

K9.1EM-+"!:B2 ' *+2<>SI-+7B.1K90/.=!EF45=!2901K9=JB01.:;45=0/.1456! !.Y X IZ[1[\I f/m ^
*Y X IZ[1[\I f/h ^>G29`): &K9.1OP45"!K<*+2CD"#>G290/*+016>G./`)2<>> A*i A 016!^pN:;.145` ' .*Y  !"! 

0/2<45"*+CL./0/7B.1- ' ./O/.K94 & JB"!2g !. ' K90/" ' 0#I& -+7 & OP* U./0CD"#EM*+K<*+0
' 2Y X IZ[1[\I f/h ^EJB452 ' !"#`): A V !"# EM7829>G=0/.EN./0 ' ./qr2 ' *+=./0CD"#EM*+K<*+0

Y X IZ[1[\I f/m ^EJB452 ' !"#`): A VY X IZ[1[\I f/m ^do*Y X IZ[1[\I f/h ^>G29`): &7B"!C ' ./O/45"!K<*+2=!E ' ./2a >G292<0/K9=

0.=

0),=(0=

(4.11.30)

....+
15

32
+

7

18
+

9

4
+

5

6
+

3

2
+1=

(1963)Collins1/2=

)/(2=

(4.11.29)....++
7

5

4

3
++

3

14
+

+
5

3
++

3

12
+1=

312

G

WW

/GG

/GG

G

G

G

G

G

G

G

G
WW

ν

ν

π
ε

π
ε

π
ε

π
ε

π
ε

ν

ν−ν

)(π
ε)(

π
ε

)(π
ε)(π

ε

stuDv+wxy1z3{#stu|}

~5�5�5���r����5���H�T�r�|���H�5�����t���5�������8�)�H�|�

���5������T�j�#�j�� j¡+¢

2

2

87

2

653

0

1

27
2

1

2

2

6

1

25

1

23

0













12

12

£8¤¥¦|¦§r¨�©5ª|«¬�®¯�°�®



 !"#$%&'()*+,-.'"/01 "#234567893:;2<'=>73&'?@ A78BC.'"#,D *+,-B>:;EFGH&',

I :;.JK;LM&'N;O'0P *C,)56,).'23Q;=>.'"#O
  !"#$%&'()*+,-.1 "#2345678RM,-2S .'28,-9T=>Q;*9TB>,

⌡
⌠

⌡
⌠

313

)(+sin=

(A4.1.6)
3

)()2+(2
2

1+

)(+sin=

(A4.1.5)
3

2
+

3

2+
1)(+sine=

(A4.1.4))(
32

sin)2+(2
2
=

(A4.1.3)
3

2
+

3

2+
1)(+sin=

(A4.1.2)
3

2
+

3

2+
1)(+sin=

(A4.1.1)])(+ln[
3

4
+)

3

11
2

3

10
(5)(

3

1
+)sin

3

2
+(2

2
=

.]+)cos(2+[=

,dd)+ln()(=

la
l

a
z

y

laala
x

la
l

a
z

x

a
al

la
l

a
z

al
a

la

l

a
za

z

a
al

la
l

a
zy

y

a
al

la
l

a
zx

x

llall

ala
l

a
zaz

zR

zRa

−−π
∂

Ψ∂

ρ

−−
)

ρ
−(

−−π
∂

Ψ∂

ρ
)

ρ
−(−−ρπΨΛ

−
−

−ρ−π
∂
Ψ∂

ρ
)

ρ
−(−−π∂

Ψ∂

ρ
)

ρ
−(−−π∂

Ψ∂

ρ−−−

−ρ−)(ρ−πΨ

φ−φρρ−ρρ

φρρρ−Ψ

UVWXY ZUV[T[T\]^T_!`Ta)b

1/2

1

22

2

-1

2

2

2

1/2

1

222

1

23

2

2

1/2

1

22

2

-1

2

2

2

3

2

2

1

2

1/2

1

22

2

-1

1/22

2

2
1

22

2

-1222

2

3

2

2

1

2

1/2

1

22

2

-1

2

3

2

2

1

2

1/2

1

22

2

-1

1/22

2

2
2

3

1

2

2

2

221/2

1

22

2

-1222

1/22
000

22
0

0000
1/2

0

22

00

2








































i

a

φ

π



(A4.1.17)
)(

)(
2=

(A4.1.16)
)(

)(
2=

(A4.1.15)
)(

sin2=

(A4.1.14)
)(

2
+1

)(
+sin=

(A4.1.13)
)(

2
+1

)(
+sin=

(A4.1.12)
)(

+sine=

(A4.1.11))(sin2=

(A4.1.10))(+sin2=

(A4.1.9)
3

)()2+(2
e2=

(A4.1.8)
3

)()2+(2
2=

(A4.1.7)
3

)()2+(2
2

1+

314

lll

laxa

zx

lll

alxya

zyx

ll

ala

l

a

z

lll

ya

l

ala

l

a

zy

lll

xa

l

ala

l

a

zx

l

ala

l

a

z

la
l

a
z

z

la
l

a
z

laala

laala
xy

yx

laala
y

−

−
π

∂∂
Ψ∂

−

−
π∂∂∂

Ψ∂

−

−
−π

∂
Ψ∂

−

−
−π

∂∂
Ψ∂

−

−
−π

∂∂
Ψ∂

−
−ρπΨΛ∂

∂

−−π
∂

Ψ∂

−−πΨ∆

ρ

−−
π−ΨΛ

ρ

−−
π−∂∂

Ψ∂

ρ

−−
)

ρ
−(

 !"!#!$%&'()*#!+,-.(/&'01#02."!&,34567,#!(8&,9:;<3=-.>1-

1

2

2

2

2

2

1/2

1

222

2

3

1

2

2

2

2

4

1/22

2

23
3

1

2

2

2

1/22

2

2

2

-1

3

3

1

2

2

2

2

2

22

2

2

1/22

2

2

2

-1

2

3

1

2

2

2

2

2

22

2

2

1/22

2

2

2

-1

2

3

2

2

1/22

2

2

2

-1

1/2

1

22

2

-1

2

2

1/2

1

22

2

-1

2

1/2

1

222

1

23

22

4

1/2

1

222

1

23
2

2

1/2

1

222

1

23

2

2


























































i

i

φ

φ



 !"#$%&'$ ()*+,-./  0")$%&'$%&12341+5)6789:;<==:>?9:5)@ABCDE5)1+FCG:3H 34@A=I)5JKL678M>?I)12FN @A8?6<OCPQRS=:8

315

,=)()(,=)()(

(A4.1.27),++=+,=

(A4.1.26)
)()(

5)+2(6
e2=

(A4.1.25)]+)5(4[
)(

)(
2=

(A4.1.24)
)()(

)]32+(2+[
2=

(A4.1.23)

)(

)(
+

3

]2))(2+4[(
e2=

(A4.1.22)
)(

)(
e2=

(A4.1.21)
)(

)(
e2=

(A4.1.20)
)(

+sin2=

(A4.1.19)
)(

)(
e2=

(A4.1.18)
)(

)(
2=

lzllalzall

zallall

allll

llla
za

z

lla
lll

all

z

alll

zaalza

z

lll

lalaalaal

lll

la
a

lll

la
a

z

ll

ala

l

a

z

lll

ala

z

lll

laya

zy

−ρ−−ρ−

ρρ

−

−−

−ρ−
ρπΨΛ

∂
∂

ρ−
−

−
π−

∂ρ∂
Ψ∂

−−

ρ−
π−

∂
Ψ∂

−

−

ρ

−−
π−ΨΛ

−

−
ρπ−Ψ∆Λ

−

−
ρπΨΛ

∂
∂

−

−
−πΨ∆∂

∂

−

−
ρπΨΛ∂

∂

−

−
π

∂∂
Ψ∂

TUVWX YTUZ#Z#[\]#^2_#`Ma

1
1/2

1

221/2

1

22
2

1/22

2

21/22

2

2

222

2

2

1

2
21

1/22

2

23

1

2

2

2

2

4

2

42

1

2

2

22

3222

2

2

1

42

2

42

3

1

2

2

2
2

1/22

2

2
1

3

4

1/22

2

23

1

2

2

2

2222

1

4

4

4

1

2

2

2
2

1/2

1

22
1

3

31/2

1

222

1

2

33

1

2

2

2

2

2

1/2

1

22

2

1

2

2

2

2

2

1/2

1

22

2

2

2

1

2

2

2

1/22

2

2

2

-1

1

2

2

2

2

4

1/22

2

23

222

1

2

2

2

2

2

1/2

1

222

2

3















i

i

i

i

i

φ

φ

φ

φ

φ



 !"#$%&'(#)*+,-./ !01234 )*-.+,(#5 !6708
$9:! 50:%(#;<)*-.= 4505 4 ((50(>$9?0)@(>&'(#=50(>A.$9:9$%) 4 (?0)@(>&'"#:%- 2 =BCD(#EE 4F &'(>"#G

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

(A4.2.7),sin
)(

2

1
=d

)(

)(

(A4.2.6),sin=d
)(

(A4.2.5),
15

3+4

15

8
1)(=d)(

(A4.2.4)

,sin)
8

3
(+)(

8

)3+(2
=d)(

(A4.2.3),sin
2

+)(
2

2
=d)(

(A4.2.2)

],)(+ln[+
3

2+
)(=d)(

(A4.2.1)],)(+ln[
2

+
2

2
)(=d)(

¨

(A4.1.29)

.
)(

)(
==,

)(

)(
==

,=,=

(A4.1.28)

.=)()(,=)()(

316

l

a

l

ala

a
z

lll

la

l

a
z

ll

la

l

laa
laaz

l

l
al

l

a
aal

a

ll
zlla

l

a
al

a

la
zla

lla
al

laazlal

ll
a

al
lazal

ll

lll

al

ll

lall

lll

la

ll

llal

ll

lz

z

l

ll

lz

z

l

zllzaalla

)(−
−

−

−

)(−
−

−

−
ρ

−−−

)(−ρρ−
ρ

−−

)(ρ−
−

−

ρ−ρ−−−

ρ−ρ−
−−

−

−ρ

−

−ρ

ρ∂

∂

−

−ρ

−

ρ−

ρ∂

∂

−∂

∂

−
−∂

∂

ρ−ρρ−−−

HBIBJBKLMNOPQJBRSTUOVMNWXJWYUIBMSZ[\]^SJBO_MS`ab*Z,TUcXT

defBg hdeiVijkDljmnojp0q

2

-1

2

2

1/22

2

2

2

1

2

2

2

2

2

1/2

1

22

2

-1

1

2

2

2

1/2

1

22

2

2

1

22

2

2

1/2

1

22

2

2

1

2

1/22

2

2

2

-12221/22

2

2

2

1

2

1

2

1

21/2

1

22

2

-1
2

1/22

2

2
1

22

1/2

1

22

1/22

2

2
2

22

2

1

2

1/2

1

22

1

21/22

2

2

1/22

2

2
2

2
2

2

2

1/2

1

221/22

2

2

1

2

2

2
2

2

2

2

1

2

2

2

122

1

2

2

2
1

1

22

1

2

2

2

121

1

2

2

2

22

1

2

2

2

11

1/2

1

221/22

2

21/22

2

21/2

1

22

rs















 !"#$%& '(&)*+,-./&012%345#6789: ;
89<=>? 3@A7BCD

;
89EFB-2G AH5ID>J@AHKFEFD" KFA78L2%M(EFJ4KF2%D? 2

;
=>N AHKF2%BCOHD= 2P2 N B-D N%=QN B-6HD N

O72 N 2%3@2PD? DQ3@D>5ID>K1KF:RSTUG AH5ID>KF2%V= 2P2 N B-D N%=QN B-6HWXYZD>V
=J@A =QN <75I[? 2BC: ? 2P89KFDQKF2\%:R892"]$(& '(&)*^'C. !"#$%& '(&)*P*B_`K N DQM(3@EF342%BCA7K1EFD

EF89E? DQ3@D>5ID>K1KF:RSTUG AH5ID>KF2%V= 2P2 N B-D N%=QN B-6HWXYZD>V
=J@A =QN <75I[? 2BC: ? 2P89KFDQKF2\%:R892"]$(& '(&)*^aC. !"#$%& '(&)*B_`K N DQM(3@EF342%BCA7K1EFD

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

317

.=

,)]/(+[1=

(A4.2.13).)(2)(+

)sin2+(2
4

1
=dsin

(A4.2.12)

,
)+(

)sin(3
6

1

)+(
cosh)3(

6

1
+

)6(

)(2
+sin

3
=dsin

(A4.2.11),
)2(

)(2
+sin

2
=dsin

./)()

(=/)()(=

(A4.2.10)].)(+ln[)2+(3
6

1

)28+6+(3)(
18

1
+sin

3

1
=dsin

(A4.2.9)

,
4

+2
)(+sin)+2+(2

4

1
=dsin

(A4.2.8)],)(+ln[+)(sin=dsin

yl

yazy

lazll

l

a
zaa

l

a
a

za

l
zaz

za

l
zaa

la

laz

l

a

l

a

la

laz

l

a

l

a

lla

lzlllaz

llaa

lalla
l

a
zz

l

a
z

a

la
al

l

a
zaz

l

a
z

llala
l

a
zz

l

a

−ρ
−

−−−ρ

)(ρ−)(

−−−

−

−ρ
)(ρρ)(ρ

−

−
)(ρρ)(ρ

ρ−
−−ρ−

−

ρ−ρ−

−ρ−)()(

−)(ρ)(

ρ−−−)()(

bTcde fbTg(g(hij(kCl(m>n

2

1/2222

1/2

1

221/2

1

22
1

2

-1222

2

-1

1/222

1
-122

1/222

2
-122

1/2

1

22

1

22

2

-1
3

2

-12

1/2

1

22

1

22

2

-1
2

2

-1

2
1/22

2

21/22

2

2
1

1/2

1

221/2

1

22

1/22

2

2
2

22

1

222

2

21/2

1

22

2

-13

2

-12

1

22

1/22

2

2

2

-1222

2

-1

1/22

2

2
2

1/2

1

22

2

-1

2

-1









 !"#$%&'(#)*+
,-./-0-&1234567/-6!.'89"#0-/-(,-.'$%:;2&'<2=>"?@ABC'D E1D F1G8?@ABC'D E1D C1GH .'=>$%&'"#0I.'8JK#"GLD?
=>:;($3.1K#6!"#M*2%0-/-2K#"NK/-$%,-.':;O#PQ.'89"#0-.A ,-,-2%0-=>/-K#$%2R &1.')8STU .1PV0-"# 7230-/-2

&'.1WX=>23$%&'8J"Y+$3:>23=!Z#[\M*/-2/-$%,-.':;O#PQ.'89"#&'O)].'WX2%)^_`

8 ` 67"#WX230-/I[a+R KN8J/-8J"N:;230-&10-.')BZ
K&28J2%= !&1.?bC1c1G </-$%,-.':;O#PdZ#(8 `  7/-$3:;2%0-<U ` &1O)].'WX2%&?@ABC'D E1DefQGg 0-&'2%456!"#:

23$%&'O7+/-0-&1234567"#:H 23678 `hiPV=!23$3O D8 `  7/-$3:;2%0 `/-0-&1234567"#:;"8J"NWX0 `hjk 8J"

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

dtantan

ee

1
=

d
)(

tan
)(

1

¨

(A4.3.4)

.
ee

+
e

+
tan

ee
=

)(
tan
)(

1

(A4.3.3),
e

=

(A4.3.2)d
)(

tan
)(

1

¨

(A4.3.1).
)(

dd

)(

)()(
tan

)(

ee

2

1

318

z
R

h

zR

z

R

h

R

z

z
M,NR

h

M,NR

M,NR

R

RllhR

h

R

h

R

M,NR

h

M,NR

ll

h
h

z
M,NR

h

M,NR

N,NR

rr

N,NRa

ara

M,NR

r

∂
∂−

ρ−ρ
−

Λ

ρ−ρ

−

ρ
−

ρ−ρ
−

Λ

−
ρ−Λ

Λ

ψρ−−−ρ
π

l;m;n;opqrstun;vwxyshqrzYnz{ym;qw|}~��wn;saqw���7|Xxy�Yx

���;� ����h�\�N�\���\�-�

0

-1

00

-1

00
0

0

-1

0

0

2

0
0

1

2

2

22

0

2
0

-1

0

3

0
0

0

-1

0

1

2

2

2

0

-1

0

00

1/2

0

221/222

-1

3

00

2

�
�



































































z

-i-i

z

iii
ii

i

z

iia

φφ

φφφφφ

φ

ψφπ

∞

∞

∞



 !"#$%&'$()*+,-./(0123!-45 !$(6789$%)*:4;</=>?@A(B C%B DEF8=>?@A(B C%B G%FH $(&'IJ/(-43K$(89L4-

/(;J !;<"#0M2N!IJ !$()*0467$(8E-43!OP%Q & Q //($%+,&';<IJ/(89-R )*;J& Q4STU N!;

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

319

+

d
1

e
+tan

ee

1
=

ee+

ee)+(

d

e

ee))(+(

d
+

tan

ee

=
+

dee
+

e

d
+

tan

ee

1

(A4.3.7).
)+(

=tan

(A4.3.6),
)(

)(
=

(A4.3.5).
+

dee
+

e

hR

zh

ll

l

R

h

R

z

z

hRR

zh

l

llhR

zh

R

h

R

z

hR

zh

Rll

z
R

z

ll

l

hR

h

R

h

R

z

R

z

ll

l

hRz

hR

R

h

z

llz

lh

z

h

hR

zh

Rll

−
−

−ρρ
−

ρ−ρ

ρ−ρ
ρ−ρ

−

ρ−
ρ−ρ

−ρ

−

)ρ−ρ(
−

ρ−ρ

−

ρ
−

−
−

−ρ
−

ρ−ρ
−

−
−

−ρ

∂
∂

−

−ρ

∂
∂

ρ−ρ

−

ρ
−

VWXYZ [VW\]\]^_`]a9b]c<d

2

0

2

1

2

2

2

1

2
0

0

-1

00
0

0
0

0
0

2

2

0

2

0

2

0
0

1

22

1

2

2

22

0

2

0

-1

0
0

0

2

0

2

0

2

0
0

1

2

2

2

0

2

2

1

2

2

2

1

22

2

0

2
0

-1

00
0

0

2

2

1

2

2

2

1

22

2

0

2

0

0

-1

1

2

2

2

1

22

2

0

2

0

2

0
0

1

2

2

2



















































































)-i(z

-i-i

ii

-i-i

z

i

-i-i

z

-i-i

iiiz

z

-i-i

iiiz

φφ

φφ
φφ

φ
φφ

φφ

φφφ

φφ

φφφ

0

∞

∞

∞

∞

∞

∞

φφ



 !"#$%&'&!()*+ ,%-./01 +0$
2!3.$456$ -67 &!()"8/ 2!39():;+0$%< ,%=>?@AB)C DECFGEGHI8, <E()3.(E&!+J 3.+08K+ =

 >LBMCFGNCFGNOKI *8&$()2!39$%56$ -1 <E(&!+02'()"# !&!+0$4"#*PQR

>?@AB)C DECFGHIST !&!<E$%UM39+ -&!+ 1 + -V7 & RWX8 R 1  ,%-  !< 7
&!+0"2!()YH8Z( -V=0[ <>?@AB)C DECFGH\EI >?@AB)C DEC OKI] ()39" /0- R^ +0_0(E&!$%`a*UM5.$

()bE3.+0YH()" T,%- $%5 /0[ :; !"2!3.$4()b)39+0Yc(E8Z+0&b R < 7"#()da$4<>?@AB)C DEC OKI8 !&!<E$%UM39+ -

<)(Eda56$ , <)8Z( T8Z&! '"#+0&! !$8Z(J 3. !&! '"#+ =

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

(A4.3.12)

.
)(

)(

)(
tan

)(

1

)2(

e

,

.]+)cos(2

+[=)(¨

(A4.3.11)

.
)(

tan
)()(

tan
)(

ee

1
=

)(

dd

)(

)()(
tan

)(

ee

2

1

.)e(=

(A4.3.10)

,
)(

tan
)(

=
)e()(

d
)(=

)e(

d)()(
=
)e)((

d

(A4.3.9),)/e()e(=+

(A4.3.8)

+

de
+tan

ee

1
=

320

l

al

al

a

aa

z

M,NRh

M,NR

h

M,NR

z

al

s

s

a

N,NR

rr

N,NRa

ara

M,NR

r

as

s

al

s

a

lal

ll
a

llz

llla

a

a

lll

zlh

lllhR

hR

zh

ll

l

R

h

R

z

ρ−

−
−

−

ρ−

ρ−ρ−

ρ

φ→φρ→ρ
φ−φρρ

−ρρ

−
−

ρ−

ρ−ρ

ψρ−−−ρ
π

ρρ−

−ρ−

ρρ−−
ρ−

ρρ−

−ρ−

ρρ−−

ρρ−ρρ−

−

−ρρ
−

ρ−ρ

eVfVgVhijklmngVopqrlWjkstgsurfVjpvwxyzpgVl{jp|}~9vaqr�tq

2

2

2

1/22

2

2

1/22

2

2

1/222

-1

1/2221/222

00

1/22
00

0

22
0

0

-1

0
1/22

2

2

-1

1/2

0

22

0
0

00

1/2

0

221/222

-1

3

00

2

1/2
0

2

1/22

2

2

-1

1/2

0

22

02

21/22

2

2

22
1/2

0

22

02

2
2

22

21/2

1

221/2

0

22

02

2

1

2

2

2

2

2

2

2
02

2
02

22

0

2

2

0

2

1

2

2

2

2

2
0

0

-1

00
0







































i

-i-i

iia

)--i(

)--i(

)--i()--i(

)--i()-i(

)-i(z

-i-i

φ

φφ

ψφπ

φφ

0

0

00

00

0

∞

φφ

φφ

φφφφ

φφφφ

φφ



 !"#!$%&'()*+#!$,-./012345-67* 089: #';%<7 !=> 0 $?;%@A5134*B!*C@A*+34*+#'# ./D'E()@ :FG  D
89: #';%<7 !HB!5 0 *+@A= 0-2345 G-I  3 .#!# . 3 E*#!*C5-B!@A*C()* I,-./I 5 !# 0 * G @J !@A5-KL$%#! !*;%$F;M $%;

0 5-NO*+P 012JQR I *+34*+# 0 $%@A*C# ESTUOV ? W1?XYZ[\]K^ # 0 * G @A$ I

B!5 IA:%_  !3 Q3 .
STUOV ?XY`? a-b\] E STUOV ? W1? b\]K\#! '34$%#! !*K\5B!@A '#! !34$%= STUOV ? W1?XY V ]KSTUOV ? W1?XY`cL]d 5-()P 0 $%K I =%=

5 , @A$%"e5-3 QP I *+( : Hfgh !3STUOV ? W1? i1]345-() 8  !<7 !@ : *+3jk.

*+P 0-2JQl *+" :%Im2F0 $ 0_ $%P 0 =%3 ?B!5 !# 0 * G @J !@A5-KL$%#! !=P#!$ _  !#!$%*C3jk.

*+P 0-2JQK ./_  !P I  012%E# : 6n#!5;%5 0 5-@ . & !# 0 * G @J$ ImEop0 51@A5-&

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

321

¨

(A4.3.17)

e=,
)(

1)(
tan

1)(

1

)(

1)(
tan

1)(

1

])(+ln[
)(

1
+tan

1
=

(A4.3.16)

)e)(e()(

d)(

)(

1
+

tan
1

=

(A4.3.15).
)+()()(

)()(
=

+
)(

)(

+
=tan

d

d

(A4.3.14).tan
d

dd
+tan

1d
=

(A4.3.13).dtan+=

z

la

a

la

a

ll
aR

h

R
I

lll

ll

a

R

h

R
I

hR

z

hRllla

lalR

hR

z

h

z

llz

lh

hR

R

R

h

z

R

h

zR

z

R

h

RhR

zz
I

z
R

h

h

R

R

z
I

ρ
ρζ

−

−ζ

−ζ
−

−

−ζ

−ζ
−

ρ−
ρ−

−

ρρ−ρρ−ρ−

ρρ−

ρ−

−

−
−ρ−

ρρ−−

−
−

−ρ

−

qrstu vqrwxwxyz{x|\}x~+�

0
1/2

1

22

1/2

-1

1/21/2

1

22

1/2

-1

1/2

1/22

2

2
21/2

0

22
0

-1

0
2

02

2
02

21/22

2

2

20

22

2

4

1/2

0

22

0

-1

0
2

0
2

0

2

2

2

1

2

2

21/2

0

22

0

22

2

41/22

2

2
0

01

2

2

2

1

22

2

0

2

0

0

-1

0

-1

00

-1

00

22

0

-1
0

0

32





































































)-i(

)--i()-i(

0

00

φφ

φφφφ



 !"#$%&'()*+,- +.-/012 3  45,675489&:;5,< #=> ;?5,@ # 67&: 45,67&A 6 >9B 54C # 8 >D#'E+.- +.-/0FGH2I-J5,@96 # $ #KBL# 895M $ # 3=N

# 3  N "@967O!;P5,QJHRST > 3 BL# 8<,RS N;P5,C #  ?:54 ,5,67RSU> 89 #=V 6W& B Q
A # 6WJHRSUJHRSJX5,$%& -< #KYY $ # 3=N Q@96 # $ 3  4&:J BL# 89R89& V 6WZ Y ? > Q3 $7J >9V &![\] # U$ # U 3  ,J >9# ;

@95,$ ,6 # ] > 8 #?:6WZ V.B 54U5Y &!$%&:T #?5, 4895 3 O!] >9# 3 O> 89 #=V 6W& B RSQ^ # ?:54 ,5,6WR #

'I_4-/0`-/0`aX2I-b 5,6W;*Z B R@967&!J >9B N 895 3  N$%54?:& Y RSJH& #  T7 45

b 5,6W; # "J@96 # $ 3  4&:J BL# 8<,RS N # @ # 6 N;P5,C #  6 #KY Z B N  ,&: 
c ?:5489T7&: #KB N 89RSU>J > $L"> ; # [\ 3 > 8 V Z B O!67895 3  N Q

 ,&!?!Z:[Z:$%& B O:[\] >9#d Z:89?!e >9> Q@96 >>9BL> ,54T7? #J3 > 8 V Z B O!67895 3  N
B 5 V &:6 > b ; > T # 3 ?!Z:[> ; #  N$%5 B C # 88 #> 89 #=V 6 > 675,JX&:8 > O6 #KY Z B N  ,&: T7 45Z 3 B 5,J > O:Q

⌡
⌠

⌡
⌠

⌡
⌠

¨

(A4.4.1)

.
)(

)(1
tan)2(3+

1

3

)(1

1
+

)(1

]3)(4[)(
+sin

)(
=

dd
)(

)()(

e

e3

,e=,1)(tan
)(

1)(
tan

1)(

1
2

])(+ln[
)(

1
+tan

1
=

dtan+

].1)[(tan]1)[(tan

0.=0=

322

t

al

ta

t
ta

t

z

t

ta

atlal

l

a

ta

a

rr
M,NRa

ara

ra

ra

la

a

ll
aR

h

R

z
R

h

h

R

R

z

q

Λ

−
−ρ−−−−

−

−−−
)(ρρ−

π

ψ
ρ−−

)ρ−(

)ρ−(

ρ
ρζ−ζ−

−

−ζ

−ζ
ℜ−

ρ−
ρ−

−

−ζ−ζ
ρ

fLgLhLijklmnohLpqrsmSkltuhtvsgLkqwxyz{qhLm|kq}~�Ww�rs�ur

���L� ����S�\�!�\���\�9�

1/22

2

2

1/2
-1

2
2

2

3/2

2

2

1

21/22

2

2

2

-1
2

3

1/2

0

22

1/2

0

221/222

2)-(

0
2

)-(

0
2

00

2

0

1/2-1

1/2

1

22

1/2

-1

1/2

1/22

2

2
21/2

0

22
0

-1

0

0

-1
0

0

3

1/2-11/2-1



































































i

ia

)-i(

π

0

φψ

φψ

φφ

0

0



 !"#$%&'()*+,-./0 .10 .23 4  2)/56)27)/8 #9:(;$ :(<=<># 5 # 7(? : 56)2@A&B7 :(#C 5DEBF/) #*G.10HIJ0HIJKL3M0@)/'(5 # $ #NOP# 7Q $ # 49R

5 #NS E O R  /&B AED"T #@ # $*+,-./0 .10HIU3
4  2)/56)27)/8 #9:(;'()C :(<><># 5 # 7(? : 56)/@L&B7 :(#

 !"#$%&*+,-./0 .10 V23
4  2)/56)27(&BW)/8 #9: WT'(5 :>O )/X # 7 :(#C 5DEBF/) #

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

323

dd
)(

3
1

)(

)()(

e

e3

¨

(A4.4.4).
)(

tan
)3(3

2=

dd
)(

)()(

e

e3

¨

(A4.4.3).
e)(

)e(3)()(e
2=

dd)ee3(
)(

)()(

e

e3

¨

(A4.4.2).
)(

)(1
tan

)(1

1

e)(1

)(
+sin

1
)(

e2=

dd)ee(
)(

)()(

e

e3

rr
M,NR

z

M,NRa

ara

ra

ra

z

h

al

s

s

al

tal

t

ss

ha

rr
M,NRa

araz

ra

ra

z

llll

lala

rrr
M,NRa

ara

ra

ra

al

ta

tt

lt

ala

l

a

ta

a

rrr
M,NRa

ara

ra

ra

ψ−
ρ−−

)ρ−(

)ρ−(

−

−
−

−
−π

ψ
ρ−−

)ρ−(

)ρ−(

)ρρ−(−

ρρ−−ρ−ρ
π

ψ−ρ
ρ−−

)ρ−(

)ρ−(

Λ

−
−

−
−

)ρρ−(−

−
)(

ρ−
ρπ−

ψ−ρ
ρ−−

)ρ−(

)ρ−(

YZ[\] [YZ^1^1_`a1bAc1d9e

2

2

3

1/2

0

221/222

2)-(

0
2

)-(

0
2

00

2

1/22

2

2

-1

3

1/22

2

2

2

2

222

2

3

1/2

0

221/222

2)-(

0
2

)-(

0
2

00

2

2
02

2

1

2

2

2

2

2

02

21/22

2

21/2

0

2222

2

5

1/2

0

221/222

2)-(

0
2

)-(

0
2

00

2

1/22

2

2

1/2
-1

3/2

02

2

1/22

2

2

2

-1

3

1/2

0

22

3

1/2

0

221/222

2)-(

0
2

)-(

0
2

00

2

































i

ia

i

ia

)-i(

)-i(i

ii

i

ia

)-i(

i

ii

i

ia

π

π

φ

ψφ
π

φ

ψφ
π

0

0

0

φψ

φψ

φψ

φψ

φφ

φφ

φψ

φψ

φφ

φψ

φψ

0

0

0

0

0

0

0

0



 !"#$%&'()*+,-./0 .1023456  7)/89)7:)/; #<=(>? :( #@A 8 = 8B)/CD&E: =(#

=(FG# :H:()/I&*+,-./0 .10 .75 ICDJK8B&EL # : =HM:(:() F-N#6 )7'(89OEL P
) F 'HQ #

P
6 :()

P
'(8 = QR)/L # :H&#<6 Q ='()/Q NES & #  6 O8 #@T4N Q%UE /&E V & T Q =(S :(JKW

 !"#$%&*+,-./0 .10 .756  7)/89)7:(& F)/; #<=(F
P

)/' # 89&E 7)/89&X 8 = QR)7L # : =H#

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

dd]+)(ln[
)()(

e

e3

¨

(A4.4.7).
))((

)(3e
+

)(

2
+
)(

5
+

15

)(
tan

)15(
e2=

dd)ee3(
)(

)()(

e

e3

¨

(A4.4.6).
))((

)(3e
2=

dd)ee3(
)(

)()(

e

e3

¨

(A4.4.5)

.
)(

)(1
tan

)(1

3

e

)3+(2e
+

1

)3(

e)(

)(

)(1

)(
2=

324

rrzM,NR
a

ara

ra

ra

z

talll

tal

tal

t

tals

sal

s

s

al

s

a
h

rrr
M,NRa

araz

ra

ra

talll

talh

rrr
M,NRa

araz

ra

ra

al

ta

tl

tll

t

tll

lll

ala

ta

a

ψ
ρ−−

)ρ−(

)ρ−(

−−

−ρ

−−

−
−

−
ρπ

ψ−ρ
ρ−−

)ρ−(

)ρ−(

Λ

−−

−ρ
π

ψ−ρ
ρ−−

)ρ−(

)ρ−(

Λ

−
−

−
−

ρρ−

ρ−ρρ

−

−

)ρρ−(−

−

−

ρ−
π

YRZR[R\]^_`ab[Rcdef`K^_gh[gifZR^djklmnd[R`o^dpqrBjsefthe

1/2

0

221/222

2)-(

0
2

)-(

0
2

00

2

22

2

2

1

2

2

2

2

2

2

22

2

22

2

22

41/22

2

2

-1

5

1/22

2

2

0
02

2

5

1/2

0

221/222

2)-(-

0
2

)-(-

0
2

00

2

22

2

2

1

2

2

2

2

2

2

5

1/2

0

221/222

2)-(

0
2

)-(

0
2

00

2

1/22

2

2

1/2
-1

3/2

02

2

2

1

2

2

2
0

1

2

2

2

02

2

1

2

2

2

1/22

2

2

3

1/2

0

22









































i

ia

i

i

ii

i

ia

i

ii

i

ia

)-i(

)-i(

)-i(

π

φ

φ

ψφ
π

φ

ψφ
π

0

0

0

φψ

φψ

φψ

φψ

φψ

φψ

φφ

φφ

φφ

0

0

0

0

0

0



 !"#$%&'()*+,- +.- /0123,45#67 &8 3,7 &4579:;<=3,>?#@A;:5#3 $ A53#BCD

:'E+.-FGH- I.JK1ELMA#3,457N# $ #6<O9 3A & 4;3,PQ:5A & #6P LRST

 !"#$%&
453'()*+,- +.- UK1:5A  #@V.7N:5793 MK& A5:5#) A & <%3,V.: O A53,#WXA &8O #@A;:5# -A5A53Y##Z@3Y4579[8>2 3YP\4;<=# 2 Z6A53
A &]82!& W T MK& #  3,^ T O A53 L28&!2O #67  ,& L:'()*+,- UY-FG_`Y1ELM3,457N# $ #6<=#@A &a $ #6Z@b

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

325

dd]}+)({ln[
)()(

e

e3

¨¨

(A4.4.10)

]+)([)(

+)(2
)ee(=]+)(ln[

¨

(A4.4.9).1
e

+1
)(e

+

1)(

)(
tan

1)(

1
tan

1)(
)(

2
=

dd]}+)({ln[
)()(

e

e3

¨

¨

(A4.4.8)

.
1)(

)(
tan

1)(

1
tan1)2(+

)(

)(1
tan

)2(3+
1)(1

+sin+)2+(
3

1

+
1)(1

)(
+2])(+2ln[)(=

rrzM,NR
a

ara

ra

ra

zM,NRM,NR

zM,NR
rzM,NR

q

la

la

a

la

q
a

q

rrzM,NR
a

ara

ra

ra

z

a

la

al

ta

ta
t

z

ta

z

l

a

a

z
al

t

z

ta

la
lla

ψΛ
ρ−−

)ρ−(

)ρ−(

Λ

−ρ−Λ

−
ρρ−

ρ−

ρ

−ζ

−
−

−ζ

−ζ
−ρ−π

ψΛ
ρ−−

)ρ−(

)ρ−(

ζ

−ζ

−
−

−ζ
−ζ

−
−×

ζ−−−−
)(ζ−

ρ−−
−

−
−ρ−ρ−π

cdefg ecdh.h.ijk.l0m.n@o

3

1/2

0

221/222

2)-(

0
2

)-(

0
2

00

2

23

22

02

2

21/2

1

22

1/2

1/2

1

22

-1

1/2

-1

1/2

1/2

0

22

2

1/2

0

221/222

2)-(

0
2

)-(

0
2

00

2

1/2

1/2

1

22

-1

1/2

-11/2

1/22

2

2

1/2
-1

2
2

3/23
2

-12

1

2

2
2

3

1/2

1

22

1/22

2

2
2

1/2

0

22



















































































i

ia

ii

)-i(

i

i

ia

π

ψφ

φ

π

0

φψ

φψ

φφ

φψ

φψ

0

0

0

0



 !"#$%&%'()* &+,-./01'2 3./45627-89 8:0 ** 7-;<$%=>?@620187-7-8:$$7-$+./,-?#"A$+0B 01$+"#C2DEFG$%$

;H)$"A6,-.IJK>LMNOL P<Q<RS 7-;/$+=>? * ?@./4T627 * $?#$+ 3C20A'2;/62;<./4 L"A.<,-./017 * ;<$%01'H7-8:U
7-$+V2./;/.<?#8:U,-./0#C2W#$+7 *-X"A0 X* &+,-./01'2 3./45627-69 8:;<'Y ./Z[$+;IJK>LMNOL P<Q<R\ ./? Y C2016

] "A$+&%'

⌡
⌠

⌡
⌠

⌡
⌠

,
)(

1)(
tan1)(+])(+ln[+

)(
tan=d

)(
tan

¨

(A4.4.13).
1)(

)(
tan

1)(

1
tan1)(

)(
tan)(tan

2
=

)(

dd

)(

)()(
tan
]+)()[(

ee

¨

(A4.4.12)

.
]+)([)(

3+)(9+)(8
)ee(=]+)(ln[

(A4.4.11)

.
e
+
1

2+
e

2+)(2e
+
3e

+

1+
e

)(2
+

e

+

)(

)(e

1)(

)(
tan

1)(

1
tan

1)3(
)(

2
=

326

la

a
lls

al

s
zz

al

s

a

la

al

s

s

z
a

R

h
R

q

N,NR

rr

N,NRa

ara

zM,NRM,NR

r

z

zM,NRM,NR

zzM,NRM,NR
rzM,NR

qlq

l

a

la

q

l

al

l

l

lla

la

a

la

q
a

q

−
−ζ−ζρ−

−−

−ζ

−
−

−ζ
−ζ−

−
ρ−−)(π

ψρ−−−ρ

−ρΛ

)ρ(
)ρρ−(

ρ−
−ρρ

)ρρ−(

−ρ

ρρ−

ρ

−

−
−

−ζ

−
−

−ζ

−ζ
ρ−π

^1_1`1abcdefg`1hijke:cdl(`lmk_1cinopqri`1escituv@n[jkw(j

1/2

1

22

1/2
-11/21/22

2

2
2

1/22

2

2

-1

1/22

2

2

-1

1/2

1/2

1

22

-1

1/2

-11/2

1/22

2

2

-11/2

0

22

0

-1
0

00

1/2

0

221/222

-1

00

2

35

22

33

02

2

2

2

21/2

1

22

2
02

2

2

2

22

02

2

2

2

2

1

2

2

2

1/2

1

222

1/2

1/2

1

22

-1

1/2

-1

2

1/2

1/2

0

22





































































































iia

ii

i

)-i(

ii

)-i()-i(

i

ψφπ

ψφ

φφφ

φ

0

00

φφ

φφφφ



 !"#$%&'()*+,- +.-/0123456789:;<=>,? #@A : #>,$ A >##@B:

67>,<9CDE9& #FG "GHI'()*+,- +.-/01J34KLM  N>,89> A & G>,O # : G5>,6 # 89&D N>,8P 89:7<=&!Q.&DR

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

327

)(
tan

e3
+

e48
)(

3
+

2ee
)(+tan

6+3
2
=

)(

dd

)(

)()(
tan

]+)([)(

]3+)(9+)([8)ee(

¨¨

(A4.4.15)

,
ee

+
1)(

)(
tan

1)(

1
tan

1)(
+

)(
tan

2e
)(+tan

+
2
=

)(

dd

)(

)()(
tan

]+)([)(

]+)([2)ee(

(A4.4.14)

.
1)(

)(
tan1)(+

1)(

)(
tan1)(+

])(+ln[)(tan=dtan

al

s

sqsqs

z
a

q
a

R

h

qR

zzRR

q

N,NR

rr

N,NRa

ara

zM,NRM,NR

zzM,NRM,NRr

s

ha

a

la

q

al

s

qss

z
a

R

h

qR

zR

q

N,NR

rr

N,NRa

ara

zM,NRM,NR

zM,NRr

a

la

a

la

lla
R

h
Rz

R

h

R

z

−

ρρ
−ρ−−

ρρρ−)(
−π

ψρ−−
×

−ρ

Λ

ρ
−ρ−ζ

−
−

−ζ

−ζ

−
−

ρ
ρ−)(π

ψρ−−−ρ

Λ

−ζ

−
−ζ

−ζ

−
−ζ

ρ−−ρ−−

STUVW USTX.X.YZ[.\]^._@`

1/22

2

2

-1

4

02

0

2

2

0
0

2

1/2

0

22

1/2

0

22

0

-1

2

0

3

42

0

2

0

4

00

1/2

0

221/222

-1

35

223

00

2

2

2

1/2

1/2

1

22

-1

1/2

-1

1/2

1/22

2

2

-1

2

0
0

1/2

0

22

0

-1

0

2

0

2

00

1/2

0

221/222

-1

23

2

00

2

1/2

1/2

1

22

-11/2

1/2

1/2

1

22

-11/2

1/22

2

2
2

1/2

0

22

0

-1
0

0

-1

0




































































































ii

ii

iia

ii

i

iia

φφ

φφ

ψφπ

φφ

φ

ψφπ



(A4.4.16)

.2e+
)(e

+
e

+

)(2e
+
22ee2e

+

1)(

)(
tan

1)(

1
tan

1)3(

328

qR

qz

q

l

ll

q

hR

h

tal

tal

qsqss

ha

a

la

q

−
ρ

ρ−

−

ρ
−

−

−
−

ρ
−ρ−

ρ

ρ

−ζ

−
−

−ζ

−ζ
−

 !"!#!$%&'()*#!+,-.(/&'01#02."!&,34567,#!(8&,9:;<3=-.>1-

2

0

2

22

2

2

1

2

2

2

3

2

0

2

2

2

2

2

2

2

2

0
0

2

0
0

2

2

1/2

1/2

1

22

-1

1/2

-1

2

1/2
































i

ii

i
i

i
i

φ
φφ

φφφφ



 !"#$%&'(%

)*+,-.+/01+/234567(8 + 398:7;< 23=/>:?@AB56CDE:7;?@F

GHIJKKLMNOPILQRSMNKLTUKLVWXNILQYZKLVW[\YYZ]^_T`aPbc[dSMNeH[\fU]gfHhRij[\kbXl aRm
fUT`O

fUT`OnoSpfUT`O
bcXNf`qXNYZ[drsIMNT`KJtdmRKJtdILXuNahRt\T`KLbvXNO ^_ewaRuNXNGHuN]g[x YZ[dyzaPuNuN]g[mRKJuNILaRmPILaw{KL|JT`aRtdIJQKL|JKL}~u�aRGHaR[\I� hRt\ILQtdKJ|LKLk�{ MNKLfuNaRM�eHORVW[\uNXNktdfHbcXN^_aPrsijXN�bc]g}�]gbcaR[\IuN[mRKJILKLeH]gkyzILaPYZMNaRSKL|JKL}~u�aRGH[du�XNOfUT`O XNt\MNKLT`QR}�hR[\ILtdO� [dewYZXNu{tdX�T`KLkuNKLewYZaRT`QRuNKJkMNKLTHhRMNeHKJtdILewaRuNtdIJbvh hRMNe�hR^_KJYZhXN}�KLILeHKJMNuNKLY�hILewaRuNtdbv[deHt\aRT`QRu�KmMNeHX�VWXNYZaR[dIJtdOyzILaPYZM� T`aPfUmRXNk

tdIJaRILQPORYtdTU[dfHhR[\I� tdIJaRT`QRu�KL[KLM�hP|LT`XNmPKLbcaPuNaw{uN[[[di YZaRIL[\eHXNaPT`a}~fH[dtdQMNeH[\fUtdIJaRbcT`[\uNuNKL^LKGHaRt\ILQ� uNaPGHXNIL[\T`QRuNaPO}~aPfUaRGHX�{mRKJuNILaRmPILuNKLk uN[\mRT`aRt\tdXNGH[\tdmRKJkeH[\yz[duNXN[uNuNKJ[[MNeHX�|LT`XNV� aRuNKfUaRTU[d[v{ ILaPmXyzILaPYZMN]gSuNauNaR^LewhR}�KLmbcuN[\yzuNXN�bcTUXNORuNXNOyzILaPYZMNKLbcSbc}�aRXNYZKLfH[dkNt\ILbcXNO }~aPfUaRGHXtdTUKLVWuN]g[|LKJT`[d[eH[\yzXNILQuNaRYMNKL}�bcKJT`OR[dIbc}�aRXNYZuNKJtdILXNSIL[\KLeH[\YZKLk ttdKJbcKLm_hRMNuNKLt\ILXbeH[\yz[duNXN[\S� KLT`u�KL[MNKLTHhRMNeHKJtdILewaRuNtdIJbc[v{Y[bctbcKMN[\eH[dYZ[dij[\uNXNk XuNaRM�eHORVW[\uNXNkMNKLTUOfUT`OfUaRu�]bc]gewaRVW[duNX�OORbvuN]g[mRKJ^_fUaMNKLTUuN]gYZSuNaR}�]gbcaR[\ILt\O � [dyz[\uNXN[eH[\yz[duNXNX�{uNa}~fH[dtdQmRKJuN�W[duNIJeHXNewhP[dYZtdO� ] MNT`KJtdmRKJtdILXbMN[\eH[dYZ[dij[\uNXNORYZXXuNaRM�eHORVW[\uNXNORYZXtKLt\uNKLbcu�KLYbfU[\T`KXNYZ[drsI � SX�^_T`aPbcaR�buNuN]g[[eH[\y}~aPfUaRGHX�SmRKJuNILaRmPILuN]g[hRMNe�hR^_XN[� aR}�T`XNGHuN]g[

329

(5.1.1).<)(<0,=

,),(),,(=0,=

0=

0

1987h).1986i,1986c,

1986a,1974a,(Fabrikant,¨

¨

¨

0.=

¨

x,y

SwS

z

S

Pz

z

∞∞−τ

∈φρφρω∉φρσ

≥ ���H�R���w�N�

�w���c���`���N�_�\�v�_ J�

¡  ¢�`�� ¢£

¤¥¦U§N¨©ªs§«¬®§N¯W°N±`«¬±¯²®³´ §N¯W§NµW§¶ ±`·s¦U§�°N¦U·g§N³¸H¹º»

z

z



 !" #$" %&'() (*+,-./&0121345 6
7 +,-.8

649
(*:;5*<,=.>?@A2

9
+,-.<,2B=.(C-D

6
0134- D 34-

6
7 :E-.(*3F2D +G=HI

6
/
6
J<;:EKL 5C+,5 L 21(C-.0

6
74M 3FN

9O64P
5C3) %F"Q !" R&'=.+G-./S015C01215T 01345CI$+,-.:;N.0

6
5U 34-

9
L - "D +G=HI

6
/
6
I
6

(*:,=.V,- J
<;5C34-.:ENH0

6
7
6
:E5*5+,-.(C(

9
-.3F+,21/S-H5

9
WXML

6
8
P
5 "<;-.0

6
7 =H<;5*3L :E-H015/Y

6
+
9
M L +

6
218Z/

6
:EN.0

6
JU 34-

9
L -<;:EK) %F"Q !" R&'+,5 U 5*01215-.01-H:E213421VG5*( D

6
5010

6
55[ +,2 7 :E2

P

U 34-
9
L -G\I$:E-H< D

6
I
6

<;:EK8Z-H<;-.V,2D
6
0134- D 340

6
J= L +]=.I

6
J =.+G-./S015C0121521013F5*I$+G-.:EN.0

6
5

6
(C0
6
/S0
6
5218^/S5*(C340

6
5_

6
+
6
U
6

<;:EK35<;-)`a "Q !" bS' =.+G-./S015C012 J218/S3
6
+
6
5/

6
) %F"Q !" cF'2) %F"Q !" #F') %F"Q !" a '`dL

6
<,(*34-H0

6
/ D -e - D

6
015*f d

) #$"Q !"Q ^gF'h"(*/
6
J (C34/S-

9
7 :;-.I

6
<,-.+,K(*<,5*:E-.0 Mid) %F"Q !" cF'/j L +

6
@A5*0121K

L
6
(C3
6
KH010 M 5

6
L +G5*<;5C:EK.>?3) %F"Q !" bS'2) %F"Q !" k&'j +,-H/S015*0B21K

2L
6
(C3
6
KH010 M _<;:EK=.+G-./S015C01215/S3

6
+
6
535<;-)`a "Q !"Q a '((

6
/
9
5*(C340

6
V,3
6

D
6
0134- D 34-G\

6
7 :E-.(*3F2/S0B=H34+,235<;-(*:

6
KL +

6
(*3
6
I
6

L
6
3F5*01fl2B-.:E-m /

6
J (*34/

6

DL +,2B/
6
<;2B3) #$"Q !" #F'(m +,-./&015*012B5

D
6
0134- D 34- "

6
7 :E-.(*3F2/S015L +,221(CV,5*8^-.5*3n L + 6

218Z/
6
<;01-.K/S3

6
+,-.K55

V,3
6

34- D dY =.0 D fl21>L
6
3F5*01fl2B-.:EN.0B=H>I$:E-H/S0B=H>

6
L +G5*<;5C:E2134N0B=

P
0
6

01-
9

o 5 L 5*+,N

3H\5<;-) %F"Q !"Q ^'=.(C:
6
/&21534+G5*34N.5/)`a "Q !"Q a '2) %F"Q !" a '[

6
<;(C34-.0

6
/ D -

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

¨

(5.1.8).d
)(

)(
=)(

0=¨

(5.1.7)1)./(=1),/(=

(5.1.6)1.=])+(1+)+[(12

¨

(5.1.5),2=

¨

(5.1.4).d)(]+)(ln[=)(=),,(

0=¨

(5.1.3)./=

¨

(5.1.2)0.=)(),(=)(),(=)(

330

a

S
N,NR

N
HN

z

mHcmHc

cmcmA

cc

z

F

SNzM,NRMFzF

zz

F

mcc

zFzFczFzFczF

σω

−γ−γ

π

σπ−
∂
∂

σφρ

γγ−

N
0

S

0

222111

221144

z=02

2

N

S

21121

3222111

p*qrstquv1quwx.yrzi{ q x.{Ezi| wx}u~E����yr���Ez������G� qu�]q



��



 !"#$

%&'($)*+*&,-.
/012-/3'(4&,-'(.4&,-"4&$56#$)'($)78$5*&%&9: /3";/<*&*&=>$?#$56#$ :*&$54&,-@)6A$)";@52-BC$5*&*&,DEF *+G<HI%&%

4&,-2J$)*&HI%+/<KLM<*&,JN";KL9BC=>6A/<OI$)*&%+$2$";/4&,PQRJSTUVSTUJUWX%&*&2J$) !6A%&6#,-BY/<*&%&$Z KL$5" F<[ 78$)$
P\]!STUVSTUV^YXQSB,-4&6A$)";$5KL$)*&,%_ ";$5@)M

UVS ]!S `EUaX@P @)6#/<BY*&%&2-$%&*&2J$) !6A%&6#,-BY/<*&%&94&,-@5KL$2-.$";/PQRJSTUVSTUWbJXBPQRJSTUVS cCXd ,-";@52-/<*+,-BCG</

PQRJSTUVS ]JXQe% :%&'($)$52'(=
BC@5$) !,J.d 6#$5OI";$f 2J/<4&/ S";BY/B*&/<N+";$)*&/g =>2JM'(,-OI$52DEF *+G<HI%&9d ,-2J$)*&HI%&/3KLM<*&/<9

UVS ]!STUWbCXhe@P @)6#/<BY*&%&2-$$)@52-M6#$501$)*&%&$: /3'(G<* F 2J,-$2-,J?#*&,-$i  !,

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

331

(5.1.12),dd),(),;,,(
1

=),,(

¨

,]+)cos(2+[=

(5.1.11).dd),(tan+
1

=

¨

(5.1.10)
]+)cos(2+[

dd),(
=

(5.1.9)

).,()(
)(

d

d

d1

)(

d

d

d
)(

1
=),(

),(=),(
)(

d

)(

d
4

z
H

zF

z

hzR

R

z

R

h

h

R

Hz

F

zrr

rrr

z

F

F

L
xxx

L

x

xx
L

H

x
L

xx

x
H

φρρφρωφρφρ
π

φρ

φ−φρρ−ρρ

φρρφρω
π∂

∂

ψ−φρ−ρ

ψψσ
∂
∂

φρωρ
ρ−

ρρ
×

ρ−ρρ
ρπ

−φρσ

φρωφρσρρ−ρ

ρρ

−ρ

K 0000000

00

2

2

1/22

000

22

0

00000

0

3
0

-1
0

00

2

2

1/2222

00

2

001/2

0

22

00

0

2

1/2222

0
0

2

1/22

0

2

00

1/222

0

jLklm5nop!mqrsCm)tCu5vlqrvtCsJwx\m)tCm5yYmz vl{!klm5u)kl{!m5w|V} ~

























ρ

ρ

a

a

a

x

a

x

a

π

π

π



 !"#$%"#$%&'()*+  !"#$%"#$,-./0123456789:1;<=>?@A=;1BC0145@AD/E,45FGH/:1IJ IK@A;L54!MN>?89BCL5FOHP @A8C>Q./RS67;18

>?;1TUT<892Q8C:1VN;12Q4!FOH/:1;1= * W80<./L+  !"#$%"#$%XG(;1ETU./:<Y/VN;1=/Z[ @?8 W 89:1L!H/2Q:1IKZF0145@Q./\Q8C:1IJ IKL!D W 45]!./L:1H/0<2Q=/MN8C:1;1^1_;018C2Q8 W 89678C:1;1^0145@?= WY45L!:145B9=`67;189BC=a 2Q;1:<H/_TU./:<Y/VN;1;
FOBC8b 890<892QDcd-e" X!"c 01018C:1>?;1Y/BC8F012Q8C>?B9L!H/FO@A8C:1I;1:1L!89]e23;12Q45FGH/:1;1=f 89L!H/@A;

(5.1.18).
)()(

1
)(

e
+

1)(tan
)(

1)(
tan

1)(

1
+1

)(

113
+

e
)+(

1
+tan+

3
=

(5.1.17),+
e

)+(
+tan+

3
=

(5.1.16),
)+(

1
+tan+

3
1

1
=

(5.1.15),1)(tan
)(

1)(
tan

1)(

)(

)(
1

1
tan+=

(5.1.14),tan+=

¨

(5.1.13)

e=,1)(tan
)(

1)(
tan

1)(

1
2

])(+ln[
)(

1
+tan

1
=),;,,(

332

lala

a

aq

la

a

ahq

ll

l

R

q

hRhR

h

h

R

R

q

R

q

llhRh

z

R

h

h

R

R

zq

z

ll

l

R

z

hRhR

h

h

R

R

z

Rz

la

a

a

la

a

la

hqR

h

h

R

R

q

R

h

h

R

R

z

z

la

a

ll
aR

h

R
z

−

−ζ−
ζ−

ρ−ρ

−ζ−
−

−ζ

−ζρ−
−

−

ρ−
−−Λ

−

ρ
−∂

∂Λ

−

−ρ
−−

∂
∂

−ζ−
−

−ζ

−ζ

−
−

−
−−Λ

∂
∂

ρ
ρζ−ζ−

−

−ζ

−ζ
ℜ−

ρ−
ρ−

−φρφρ

K

K

K

K

K

K

1

221/2

1

22

3

1/2

0

22

1/2-1

1/2

1

22

1/2

-1

1/21/2

0

222

2

1

2

2

2

2

2

2

0

2

2

2

0

2
0

-1
0

0

5

2
2

0

2

1

2

2

22

0

2
0

-1
0

0

5

1

2

2

2

1

22

0

2

2

2

0

2
0

-1
0

0

2

2

0

32

2

1/2-1

1/2

1

22

1/2

-1

1/2

1/2

1

22

1/2

1

22

0

-1
0

0

3

0

-1
0

0

3

0

1/2-1

1/2

1

22

1/2

-1

1/2

1/22

2

2

21/2

0

22
0

-1

0
00

g9hijkhlm1hlno/piqKr h o/rAqKs notluAvwxypizw{Aq|vw}~�3x hl��h













































































































































































φ

φ

φ

i

i

i

)-i( φφ
0



 !"#$%&'()  !*+,-./&0$%1-$23456789: 2;<=2;<>?
@ ,-ABC-DEF4F345 $G !A4DEFB1-./&-A 5GH5 "#A 5%I A 5%HJ ./KILMNO 1-PE !A4FBKJ F @Q@  O  #A4DEF OR5GI 1-A4F4KS 3 ,-$
ILMNT F4"!./ #AU M $G&SV5 PE #$C 5 $ 5%ORMNHF4A4$G !W O 1-.X,-YC$ I  J6Z[ 2;<=2 : ?I6Z[ 2 \]2;<>?^ 5%J "#$%1-A 5%I C-1

C-10C"!FB. 5%H34O FB. 5 PE !ABA 5%H"_ $%1 SV3 1
5 "#1 J C0," I K-* MNI 1- !$C O ,0W%,345ILMNO 1-PE !A4FBK345 "#./ J A4 !W 5` A4$% #W O F O'5%I 1-ABF4 

@ 5%O'S ,'(34O FBA4F S 1- !$"!.R, T 1- " 3  !DEF41-.X&-A 5%Sa%$ 5%SIF6Z[ 2;<=2 bL? YIJ 1-A 56Z[ 2;<=2 cd?
, O 1 I A4 #A4F4KF4A4$G !W O 1-./&-A 5 W 5)  _  #A4F4 _ $%1 SV3 15 "#1 J C0,e U 5 *fA41 T F S2

"!FB./ A 5%O'S 1-./&-A 5GH34O FB. 5 PE !ABA 5%HDE !AB$ O 1-.X&-A 5a%C I F I 10./ !A4$GA41"!$G1-$%F T  !"!C0F_ $%1 SV3
A41g 1-W O ,-*fC012O 1 J FB,-"#1_ $%1 SV3 1C O ,0W 5%Id5 W 5"!$GC 5 W 5 PJ  H "!$ I F4 S345%J

345 .R, 34OR5 "!$ O 1-A4"!$ IL5, 34O ,-W 5  F4* 5 $ OR5G3 A 5  $ O 1-A4" I  O "#1-./&-A 5O 1-"#" S 1-$ O F I 10 Sh M

F4* 5 $ OR5G3 F4F 2"!.R, T 1-KJ ./KO  _  !A4F4 5 UGi  ! j MNI  J F4$% : 2

6Z[ 2;<=2;<fbL?Z2$ 5 P J  !"#$ I 1k 5 C-10PEF4$% l 2

6Z[ 2;<=2;<=cd?Z26Z[ 2;<=2;< : ?@ 5%O'S ,-. M^ OR5%I  O &0$% \]2

[ 2;<=2;< l 2j MNI  J F4$% <=2

J 1-.X ! 2O 1-"#" SV5 $ O  !A MU , J ,-$34O F S  ORM) 1-*>./F T A M  a%.X S  !A4$G1 O A 5 2O  _  !A4F4 
345 .XA 5  YF5 $"!$G 3  #A4 H"#, SVS 1C-10CILMNO 1-PE !A 5U M $G&SV5 PE #$3  O  S  i  #A4F4 

*f1 J 1-A4A 5  m 5 W J 16Z[ 2;<=2 nG?Z2F6Z[ 2;<=2 \G?6 \]2;<=2;<>\G? Y6 \]2;<=2 oL? Y@ 5%O'S ,-./1 S F"" 5GT  !$G1-A4F4FI
*f1 J 1 T FC 5 A4$%1-C0$%A 5%HO 1-"#" S 1-$ O F I 10 SV5%HJ ./KO  _  !A4F4 345 .XA 5  J 1-pq$e A4F"! #C-DEF4F 2

a%$ 5%HO  #*>,-.X&-$%1-$G1 S FA 5%IdMNS FW]./1 I A MNS FK I ./K-pq$%"#K[ 2;<=2;<=cr?6Z[ 2;<=2;< ls 5%O'S ,-. M

333

¨

¨

.
2
=

(5.2.1).
)(

=),(

const.=

¨0,

(5.1.19)

).+)((=)()+)((

,/)+(=))((

),+(=+))((

a

H

a
P

P

a

aH

P

az

yx

hRalaqqzqql

alhRlala

hRaqqalal

π
ω

ω
≤ρ

ρ−π

ω
φρσ

ω

≥

−

−

−ρ−−ρ−

ρ−ζ−ζ

−ρ−

tuvXw4xyz{4|}~B�Q�/�'�X��qw��/|}~4�9�]�N�q����9�0�qv/|}w4���4�N�� ���X�0{4�N��R� �

1/2222

2

0

22

2

2

0

222

0

2

2

2

0

22

1

22

0

2

1

22

1

22

2

0

222

1

22

0

2

2

2

�/���#�}��#�r�!�����f�� ¡]�!���r�!¢'£¤¡]¡0¥Q ¦'£¤¡]���d�!§L¨!¡]�© §G��ª¤�!«] ¬= ®

¯°±²³´µ¶}·/¸°¹º»}¼r»}½}¼



 !"#$

%&'(%)*'&+,-.$&/012)*3*4%&56)*7018)*96-.'&703*3%&56:;<,<,3*703,18)*9=1>?@ 12 
A -B' @ )*12)*3*1CDE '(9;-BF( !)*$&129

)*1 A %&5;"!G&%&55; .)*5 @ -B18=H18)*),5;I-.'& .3,F A+*5;"!$&-.)*JK4%&'(%9;'(%&/013+*'&-B'&=H1896-F&+*-LF&MN3*4
%&'(%5;O65 E ),'&P.18),3*13 A +*5;"#G E F&1295;)P.965<,'&%(9;IQ 5;9)*'&RS3,=TDAA 56MN"#' A F&189 A $

5 A )*5 @ ),5;=@-.12RS18)*3*1U MN5-.12RS18)*'@ +*12- @ JK1O;JK"#'E '( !'&P.'V 9;'

-.12RS18)*3*1WX+*5;"!)*5;1
91 !'YZ[ D \ND \6]<^F&),%&703*3+*5;9618)*703,'&"#G&)*564 !3*<^<,18-.12)*703*-.5 @ '&)*3*1_ 5;569 @ 129 A 9 @ F&`abT121

(5.2.9)0.=},){(lim=

¨

(1949).Elliott

(5.2.8).
)(

)(
1)(

)(

e
=

(5.2.7),
)(

1)(
)(

=

(5.2.6)

,
)(

1
2

)(

1)(

e4
=

(5.2.5),
)(

1)(

1)+(4
=

(5.2.4),sin
1

2
=

(5.2.3),
)(

1
1

e2
=

¨

(5.2.2).])(+ln[+)(sin
2

=

334

zak

lll

all

H

ll

la

H

a

laa

ll

la

m

A

ll

la

m

mA

l

a

m

m
w

a

la

m

a
u

llala
l

a
z

H
F

σρ−

ρ

−

−
−

γ−γπ

ω
τ

−

−
γ−

γ−γπ

ω
σ

−
−

ρ
−

−

−

−

γ

π

ω
σ

−

−

−γ

γ−γ

π

ω
−σ

)(−π
ω

−
−−

γ

ρπ
ω

ρ−−−)(π
ω

z

1/2

1

1k

2

2k

2

2k

1/22

2k

2

1k
k

21

2z

1k

2

2k

2

1/2

1k

22

k

k

21

2z

1/2

1k

22

2

1k

2

2k

2

1/2

1k

22

k

k

2

66

2

1k

2

2k

2

1/2

1k

22

kk

3

2

kk

2

66

1

2k

-1

k

k

1/2

1k

22

k

k

1/22

2

2

2

1/2

1

22

2

-1

c8defgd?h*d?ij&kelKm d j&m#lKn ijo?p#qrstkeurv#lwqrxyzBs d?{Ld



























φ

φ

φ

i

i

i

ρ a

k=1

2

k=1

2

k=1

2

k=1

2

k=1

2

k=1

2

Σ

Σ

Σ

Σ

Σ

Σ

→



 !" #!" $%&'"(  !" #!"  )*+,-./*01)*23/*4567)
89" :!";<=>?&( 89" :!";<9<@%45A3BCDE-F/*)GHI +J-FKLBC-.0M 09N)OCA3PQR!S@/*BCTGAJBC@%K,-F/*BU 4509V+,N9KLDE/*B

N I VW BQ+,BC2J)OCN9/*01BCOQ01/*N1XI KJPC2JBC-Y01A3-FZ[)*/*4 "OCA3PQR!KLN9X@%/*-/*BCTGAJBC@%K,-F/*)*H
N10) W 67-FAJHCK I HPCR1N1K2J09N01BQOI -.OC\E)*)*ST*AJ-.+,45+JPCZ[-.X@@%@?-F+,-./*BU 45KLBOCN9N1AJ+,)*/GBC0

N I -FXKLN9OCBCKLVC/G45]^ ) I 09-F67BN1+J)*/*BCOCN9@%4 "U 4509V+,N9KLDE/*401A3-FZ[)*/@%/*-._`/*-FX
)@%/GPQ01AJ-./*/*-FXB I )*67T*01N109)*OC)2J09NN W /*BC2JBQ-F01Sa 01N/*BCTGAJHCDE-./*)*X "OCN9/*\E-F/*09AJBC\E)*)

OCN M1bGb )*\E)G-F/*01BQ67)01A3-F67HN1T*A3-F+,-.KL-F/*NT*N1K,/*N I 09VCcR!A3BC/*)*\E-.XR!KLBQ+,OCN9X
I01A3-FZ[)*/*4T*KLN I OCN9XT*AJN9) W @?N1KLVC/GN1XOCAJBQHN1OQN1KLNT*-.AJ-F67-FZ[-./*)*X)/*BCTGAJHCDE-./*)*X

T*N1@?-F+,-./*)*-B I )*67T*01N109)*2J- I OCN9-2J09N67/*-F/G)*-FS^ PCZ[- I 01@dPC-F001A3-FZ[)*/*- "@%/*-._`/*-FX
NW BQ+,BC2J-M OQ@%)*@%BQKL-F/*09/*B67BC01-.67BC01)G2J- I OC)W BQ+,BC2JBe N1/G01BCOC09/*BCHN U9f H I /G)*01V "

KL-.R!OCNa 01N"/*BW BQ67-F/*)*6b N1A367BCKLVC/*N674- I KL))*+,-./*01)*23/*4567)*S
I 09BC/*N1@?HC0 I HN1/*)2J09NPCOQB W 45@?BC-F09S !" #!" $%&(  !" #!"  I89" :!";<=>?&( 89" :!";<9<^ AJBC@?/*-F/*)G-

T*N1KJPC2J)*6[gAJ- W PCK,VC01BC09-Y89" :!" h?&'"( 89" :!" i
@( 89" :!";<jk9&)(  !" #!";<j&T*N1+ I 01BQ/*N1@%OQ)6-TGPC0@%45@?-F+,-./*NU 4509V67N1DE-.0_`01BQ67T*B

OCAJBQHN1OQN1KLNT*-.AJ-F67-FZ[-./*)*X)/*BCTGAJHCDE-./*)*XT*N1K,HT*N1@?-F+,-./*)*-l I )*67TG01N101)G2J- I OCN1-

0Qg-+,B( 89" :!" $%&@( 89" :!" #9&m N1+ I 01BC/GN1@%OCB

335

(5.2.16)),0(+
)(2

==

(5.2.15)0(1),+
)(2

=

(5.2.14)),0(+
1)(

2
2=

(5.2.13)0(1),+
1)(

1)+(
2

2=

(5.2.12)0(1),+
1

+
1

22=

(5.2.11)0(1),+
1

+
1

22==

¨

(5.2.10).
22

=
2

=

¨

On

r
Q

T

Q

T

r

k

Q

S

Q

S

r

k

r
Qm

S

r
HkA

Q

S

m

m

r
HkA

m

Tm

m

Tm
rHkw

m

S

m

S
rHkuu

aP

aH
k

−
−

θ

θ−πθ
−−

√−
γ−γ√

−ττ

γ
−

γ

γ−γ√
σ

√−

γ
)(π−σ

−γ

γ−γ
)(πσ

−−√π−

−

γ

−

γ
√π

−

)(π−
√π

ω−

2

2

1

1

21

1

znz

2

22

1

11

21

1

z

kk

kk
1/2

1662

k

k

kk

3

2

kk

2

1/2

1661

2

22

1

11

1

2

22

1

11

1n

1/2

21

nLopq.rstu.vdwFxyzp{=zp|}!qFxpvdwF~3��}!}Q��|�3��}!opv?qF�%�F}!z� �9zp��uF�!|��� �

























k=1

2

k=1

2

Σ

Σ



 
!"#$#%&'()*+,-."/%."0+12+#%3)4"&',+560789 2+&'.:;<,+=>,-*+4&'=?@AB"3)C"/%."/D =>&E=>2+*+FG*+/$=H 1

I 1 H 1 JKLM1N I 1 H 1 OP #%&EQRB"3S5*+T?2+#%3SC"@UB"V+/$= 

 
2+#%3'B"2+&'#$T>/%&E.",+T>/$7W#:1*+@A#%/%&'#$2+,+#%=77W('."7W3S*+7K."=>QX#$QFG/%.:QX2+=!"&EB:YZ#%7K#%Q,+."Y%&EB";<=?,+,+#%Q [

=>,-/%&'."3)C",+#2+3S#$T>!"#$QYZ3S.:()!"#$Q#@\.:()."]'*&'=?FG=>,+*+=2+#%3),+#%=^ ."V+()*-/%=8 1

,
)(

)(
+

)(
)2(1

)(1
=

.
)(

)4+(3)(e

)(1

2
=

,
)()(

)]22(+[
+

)(

)(1

2
=

,
)(

)]63+(+[2)(

])(2[)(
)2(1

)(1

e2
=

,
)()(

)]2+(2[
+

)(
)(1+2

)(1

2
=

,
))(2(1

)(
+sin

2
=

,
)(

)(
+

)(
)2(1

)(1

e
=

336

lll

allzlaa
u

ll

alllaz

llla

zaalz

ll

la

lll

alllalaz

laa

ll

la

llla

zaalz

ll

la

ll

laz

l

a
w

lll

allzlaa
u

−

−

ρ

−−
ν−−ν−π

ω

−

−

−−ρ

ν−π
µω

−τ

−−

−−ρ

−

−
−ν−π

µω
σ

−

−ρ−
−

ρ

−−
−

−

−
ν−−ν−π

µω
σ

−−

ρ−−

−

−
νν−π

µω
−σ

−ν−

−
)(π

ω

−

−

ρ

−−
ν−−ν−π

ω

_`abc?dea

fghZcidKa

_`abc?dea

1

2

2

2

2

1/22

2

2

1

1/2

1

22

3

1

2

2

2

2

1

2

2

21/2

1

22

z

3

1

2

2

21/2

1

22

2222

1

42

1

2

2

2

1/2

1

22

z

3

1

2

2

2

2

2

2

2

2

1

22

1

41/22

2

2

2

1/2

1

22

1

2

2

2

1/2

1

222

2

3

1

2

2

21/2

1

22

2222

1

42

1

2

2

2

1/2

1

22

1

1

2

2

2

1/2

1

22

2

-1

1

2

2

2

2

1/22

2

2

1

1/2

1

22

j>klmnkop+koqr"slt6u k r"uSt6v qrwoxSyz{|sl}z~St`yz���E{ ko��k































































ρ

φ

φ

φ

i

i

i

��� ��G�|�S���b�|�e�|�|�



 !"# $%&'()&*$%+%,'"!-%./0&'$%&*()1203 /4156.078&'/9:;4< =4<>?@ABC3 ()"#78&*-%+%&

-%"! #DE.0-%"F!G0.0D !.45H$IDE&* !,'- 3JK5&BCL &'M,*.4.0/ L &*/0,'/ L &'-%-%. <
+.0,'& K.0/4-%.0,*+I/0&*DE1#-%.-%"! #DE.0-%"F!G0DE"!56+N L DEN!OP/0,'N+Q MR&',*1

L +%MES+%56&*OP/TU/0"#56$%.05$%.0M$%&'()&*56&*VW&'-%+%NX F!,'/01 Y M)&*,*1
<()"!,',*56.0/4()&*-2 F#MR&*/ !.4/0.0( 3JKZ56.056&'-%/0".0$%([.0 !+%M 3JL "!OPVW&*G0.MR& K ,*/ L +%&*5 $%.0MTU/0"#56$+()"!-I1!TU& Z()"!,',*56.0/4()&*-203 D !.4/0.0( 3JKTU/0"#56$ Z-%"!G0([F!78&'-%- 3JK \ &*-I/0()"!DR1!-%.Y "#MR"!]ESM L F!^,'F#$%&*()$I. Y + \ +%N !"# ()"!,',*56.0/4()&*-203 /4156.078&'/ ,*+IDE. K$%()+IDE.078&*-I-%. K-%& \ &*-%/0(["!DE1!-I.$%.0D)F!$%().4,*/0(["!-%,*/ L .F!$%(_F!G`.4&+ Y .0/0().4$%-%.0&

/0(["!-%, L &*(),'"!DE1!-I.LL M)" L DE+ L "!&*56.4G`.TU/0"#56$%" Z !([F#G`. L .0G`.$%DE.4,* !.4G`.a DRF!][" K

337

(5.3.3)}.e{=),(

(5.3.2).+=

¨

(5.3.1).=

.
)(

)4+(3)(

)(1

2
=

,
)(

])2(1[)(
+

)(
)2(1

)(1

2
=

,
)(

)]43+(+[)(

)()(
)2(1

)(1

2
=

b

ibbb

OyOxbb

xbyb

P

ll

alllaz

lll

lala

laa

lll

allllalaz

ll

lalaa

ρℑφρω

−ω

−

−−ρ

ν−π
µω

−τ

−

ν−−−

ρ

−−
ν−ν−π

µω
−σ

−

−ρ−−
−

−

−
−

ρ

−−
ν−ν−π

µω
σ

bPcEdef%bPg8cRh#iRg8j%kPh#iRl)mf%bPgnf%oEcEpkPjqriRj%psbt%gnfIoucEl[cRvw j%t%dxcRkJkPyzv{)| }

M

yx

yx

yx

3

1

2

2

2

2

1

2

2

21/2

1

22

z

1

2

2

2

2

2

2

221/2

1

22

2

1/2

1

22

3

1

2

2

2

2

2

2

2

2

1

22

2

4

1

41/22

2

2

1

2

2

2

1/2

1

22

2

1/2

1

22

~`�����'~#�����������*�`��������*~`���'������`��E���'�n~�'���*���������� �'�'�4���`�`�I���� �

















φ

ρ

φ

ρ

i



 !"#$%"&'()("*+,(-./ ' - "012 , )(3&245.678-.9 " 7
78:);<=>?@ABC; ,(, "#'(DE)(FG3#2)(0H 0BIG5 :J : 5K678-.LKM 5,  - )(0 HN- DE' : "' MG9 ' : "O 3&"

P -  7QM +,  !) 7 "#5P M 'RFGST)(IU - 5K"&'(ST)(2 / 6G'(2GIV ;Q=.?@AW? XNYZ?
HDE2G'R' :[7 !"#0 MG/ 6G5.2G5 -.73\ 2G3#5.I 7 C,(-H]:[\ )(3 / "#'J : 5K678-.9 "#5V XK? ^K? XNYH)('(5K" L  _2 /

\ 5 -H '() 7 2G'()("H]-U  !)('() 7 2GI

)('(5K" L  _2 /EM +F,  !) H]- DE)R5V XK?@AW? =KYP M 'RFGST)(),(- 5K"&'(ST)R2 / 6G' -K`O :[\ )(3 / "&'R)("

54+"DE2V XK?@AW? a]YHV XK? ^K? ^NYU - DE3#5.2G' -.H FG2\ 2G3#5.6 ?7 '() 7QMGb- J - 01'R2 \ 2G"#5c DE"#3&6

⌡
⌠

⌡
⌠

(5.3.9)

,
)(

)(

1)(

1)+(
)(

8
=

(5.3.8),
)(

sin
1

)(
2
=

(5.3.7),
3

))(2+(2
e

)(sin
1

2
=

(5.3.6)

.
3

2

3

2+
1)(sin

}e{2
=

,)(=
)(

e

(5.3.5).dd)+ln(
)(

e

(5.3.4).
)(

}e{2
=),(

¨

338

lll

la

m

m
axbyb

A

l

ala

l

a

m

m
xbybw

laala
b

la
l

a
zb

m

i
u

a
al

la
l

a
z

H

b
F

a
a

zR
a

aH

b

−

−

−γ

γ−γ
−π−σ

−
−)(−−π

ρ

−−
−

−−)(−

γ

π

ρ
−)

ρ
−(−−π

ρℑ

ρ−Λ−
ρ−

ρ

φρρ
ρ−

ρ

ρ−π

ρℑ
φρσ

ℑ

1k

2

2k

2

2k

2

1/2

1k

22

kk

3

2

kk

2

2

yx

66

1

2k

2

1/22

2k

2

2k

-1

k

k

yx

2

1/2

1k

222

1k

23

2

1/2

1k

22

2k

-1

k
k

k

2

3

2

2

1

2

1/2

1

22

2

-1

1/222

1/222

00001/2

0

22

0

0

00

2

1/2222

d&efgheij(eiklGmfn[o e lGopn[q klrisptuvwmfxuypnztu{|}_v ei~�e



























φ

φ

φ

φ

φ

i

i

i

i
a

i

π

k=1

2

k=1

2

k=1

2

Σ

Σ

Σ



 !"!#$%&'()*+,-./012* !3&-4 !#$5"67,89"!:
"!+,;< 7,3=#>5:>?$:>@A"6+,2B%&"6 !C*DE #$ F!:>-G%&@A"60"!+,3=H,:>-G5,H,:F!)B:$3&#>:$IF!:>HJ+,@A01.K+,LMNO !P

F!)B 6;Q%=)BIRG)*7J'(:>PS :>#)B+,"65,TU%KD !3=F!:>-45,@V:>.K+,-"!%"! !HJ#>: :>?$:>@A"6+,2B%&"6 !C
"!+,TU H,+JH#>+JH"!:>.K01P!I%&3=#>5:>"./%=)B:>CJ#>"!:>I./F!:$-4"!%"!:"!:>.K01;WIC,.K-4C,LM#>3=C

)B%=@V7,-G5,#>+,#F!:>3=-4%&RB"! !P2B#$:RG:$H,+,@V+,#>5,I#>)X7,RG"!:2B#$:#>+JH-4 !#$%&)B+J#$7,)B%=I.Y 7,"6H,Z[ !C,\
] %&3=3&%=-4%&.K01\:;W+,#>%=)B !+J-4+H,:$-4 !2B%=3&#>.K::>'>)B:>;W"!:$%^ 7,NO%=3&#>._7,%&#D"!%=Z[%&-401\

RG-4C #>+JH,8[%F!)B+J./ !-45J"!+Y :>)*;`7,-4+F!:>3=-4%&RB"!C,C2B#$:2B !3=-4%&"!"6:>IF!)B:$./%&)* !-4 a 0

H#%./%=R !@
bcd D e(fKg bcd D e$h$gY :>)*;`7,-4+,;W 3b e(D d D h$e$g3&)*+,./"!%="! !%i +,F!)B 6;Q%=)BI;W%&#$:>RG:>;OD"!+,TU 6;

F!:>-B7,2B%="!"!01;)B%=TU%&"! !%=;WI3&:$:>#>.K%&#>3=#>.K7JLMNO !;3F!)B%=:>?>)*+,@A:$./+,"! 6P !"!#$%&'()*+,-45,"!01\
F!:>;W:$NO F!)B F!:>-B7,2B%="!"!:>'(:)B%=TU%&"! !CJI3&)*+,./"!%="! !C;%F67,#F!)B:$3&#>:./012* !3&-4%="!0?>01#$5
#>%=F!%&)B5;W:>'$7,#Y 7,"6H,Z[ !P3&F6%&Z[ !+,-G5,"!01\:># !"!#$%&'()*+,-40i %&H,:$#>:>)*01%

⌡
⌠

⌡
⌠

339

.
)(

d
)(

2
=

d
e)()(

¨1975)Sih,and(Kassir

¨

(5.3.12).
)(

)(
e+

)(
sin

)(
=

(5.3.11),
)(

)(
1)(

)(

)2(
=

(5.3.10),
)(

)(
+

3

]2))(2+4[(
e

)(

)(

1

e2
=

ll

n

x

xx
a

as

s
sJasJ

lll

alla
b

ll

ala

l

a
b

H

i

lll

laa

H

xbyb

lll

lalaalaal
b

lll

lala
b

m

iA

−ρ
ρπ√

ρ

−

−

−

−
−)(

γ−γπ
τ

−

−
γ−

γ−γπ

−
σ

−

−

ρ

−−
−

−

−

−

γ

πσ

1/222

2n

0

-n
1/2

-sz

n1/2n+

0

1k

2

2k

2

2k

2

1/22

2k

2

1k

2

2

1k

2

2k

2

1/22

2k

2

2k

-1

21

2z

1k

2

2k

2

2k

2

1/2

1k

222

k

k

21

2

yx

z

1k

2

2k

2

2k

1/2

1k

22

1k

3

31/2

1k

222

1k

2

2

1k

2

2k

2

2k

1/2

1k

22

1k

k

k66

2

j(klm/n=jJoKkpqrsloKt&u(qvslwpxn&j(o_n=ycklzu(t{4slt=z9j|=o_n&ycklwAkl}~ t=|=m$klu(u(�6}�p� �



































��

φ

φ

φ

l

i

i

i

1

k=1

2

k=1

2

k=1

2

�*�*�O�_�J�4�B�

Σ

Σ

Σ

∞



 !"#$%&' $%()*+,-./01,2345-678%9: !;-;28%<"!5-678%< !=452;252>4;28?<@ABCDEBC@ (/ #*+8% 
F 000G$%8?> 1  @,2 #34 !*+ !HI #;252 ;28%3J*+(/67&/;28? >4$?8GKL?M NOM P?F 05 DD ( 1 67QR>45-$%&S 8%9:;28TU

M34(/=45-./"#(
' $%()*+,28%*1 3J.)VO8 @WB *,2678?" 1 52*"0;2(/,-34( @ 6X !;2525@F00G$%8?> 1  ,2348?5 DY@ 8%67&/;-8%<

@,2345-678%9: !;-;28%<0;2(/V%3J. DE1 5"!8?"!34 #=X8%$?8%>4 !;-;28%<@AD (/52*+8%=4 !<2"#$ @ 52 Z (/"#"!*+8%$?3452$% [ M

 !"#$%&34 D ./6X&/$%(/$8 1 8%;2>4()$% !67&); B <
5G\]^P%M NOM _WF 052"#,28%67& D ./`@AB ,28?67;2 #;28%0a B $?&*+8%9: #$,28b ;2$% #VO34523J8 @ (/;-52 

52*+ !;-;28%0(c 8%3J*+ !0,2348?"!$%8?<8%>J !;2&@GKL?M _?M [ LWF1 8?34 !;2&,28%6X8%9:52$% #67&/; B <
;2(/<-$%5;2(/*,28 DE@ 8?67`/ !$5,2(/3J(/*+ !$?348 @d @  #=X !;-52 @ 8 D *+8%9:; B * M

,234 #=X"!$?( @ 67`) !$%"#`;2 @AD VO67`)=X(,2 #3 @ 8%V%8">4$?80,2834 D ./6X&/$%(/$52;2$? !VO3J52348 @ (/$%&
5GKL?M _?M [ P?F@34 D ./6X&/$%(/$,28%=4"!$%( @ 52$%&GKL?M _?M [ LWF 0,28%3J`/= 1 (34$?8%VO8 >4 #$ @./3J( @ ;2 #;252`

(/67V% a 3J(/52>4 # !" 1 8%VO85 D=X67`@AB 3J(/9: !;25- ` @ ;28% ,28%64./>452$?&;-./9e;28f (/*M,28
GKL?M _?M [ P?F"!$?8%348?;8 a  !52g52;2$? !VO3J52348 @ (/;252 !*@AB >J52"!67 #;a B $?&*+8%9: #$GKL?M _?M [ _WFb ;2$% #VO34(/6

./3J( @ ;2 #;252`1 8?34;2 !*,28%6X8%9:52$% #67&/; B *` @ 67`/ !$?"!`,2(/3J(/*+ !$?3VO=4 

h M iOLjNOM N?Fc 8%3J*^./67([YkAh _ 0Z B 9:5 1 05Glm 34(/= ' $? !<2;
=X3J.)VO8%<;2( ' 6X5* B;28$%( a 6752n:()g-0@52;2$? !VO3J(/6o%$?8%$;2(/<-$%5"!*+8?VO675;2 S B

⌡
⌠

⌡
⌠

⌡
⌠

(5.3.16)

.sin
2
+

2

2))((2
=

d
)e(sin

./)

(=

¨

(5.3.15).
1
=

(5.3.14)),(1=
d

e)(sin

(5.3.13).
d

e)(sin

340

zw

a

Ozz

P

l

a

a

zaalla

x

x
xJax

zal

ar

ll

z

rz

r

z

r
a

r

r
a

x

x
xJax

x

x
xJax

φρ

φρ

)(ρ
ρ

−−−
ρ

−

−
−
ρ

−ρρ

ρ

pqr%strjuvw4r

2

-1

21/22

2

2

1

22

2

-zx

1

0

1/2

1

2

2

2

2

2

2
2

-zx

1

0

2

-zx

1

0

x!yz{vy|}2y|~�/�z�C� y �/�7�C� ~��|�7���e�z���7�������J� y|��y

�

��

��� ����e�7�����e�j�e e�

∞

∞

∞



 !"#$%"#$ &'(')*$++,-.+/0123045678 -.9:7;<='>?=?@A7BC@A7<D4D1>'=?C<56E6FGH= 8 @A7<>?5I=?J+,049:E6KAE65I-
239:CL6@A0423D1>'7<+,9:0456E6EE656>'01MN@O7<9:P<56='Q567=?D456=?+,7B5L6=?2ARI=?2S 567<93E6>?E6KA04D1;<EIJ

 *T'$%"#$ U/)*$+237<5I=V<@O7<+,560456E60E656>'01MN@O7<9:P<56='0W D156='+,56='0X =?@OQY- $@A7<Z[9:E6KO56=?J\]>?7BQYL6=?+
239:CX =?@OQ^V<9:->?='KA56-.056=L6@A='D1>?-.04H+,-.+/01D1>'E567<QL6=?Z[+,='9:C<01>;<='>?=?@A7BCZ_7B237<KA7BQYH

;<='56>?7<;B>?56-.QV<L6@`V<MNE6Q;L6=?2ARI=?2377<567B9:E6>?E6KO01D1;B=?MN=E62304FZ_2A01D1P=?L6EID1-.+,7B01Q
a -23E6D4bcE6L69:E65I7<R $>?04RI56E6KA04D1;<EIR23@OVBMNE6R+E6D4L6=?9:P<Z[=?+/7<56-8 -.>'PQY=?M'V<>

@A04Z[V<93P<>?7<>'-+,D40KA>'=+,E62OV<H+E6QY01>'PD193012AV<04>56=Z_7B237<KAH;<='56>?7<;B>?56-.RV<L6@`V<MNE6R
>?04@AQYE6567<R+D12A019:7<5I=8 VB2301>D104;<bcE6Ed >'=?J+e @A0423D1>?7B+,9:0456E60

L6=?2A>?+,04@Afc2304567 $>?='KA56=?D4>?PRI=?@O=?\]7<CE6RE9:E6>'01@A7B>'V<@A04H
+@A04\]0156E6JE6Z[+,01D4>?56-.RL6@A='>?E6+L6@A='+,01@O0156-X =?@OQ^V<9:-g D10D104MNQY015I>?7 $;<@OVBMN=?+/=?MN=
ED104;<>?='@A7;<@OVBMN=?+/=?MN=@A='Q 8 7<HL6@ACBQY='V<MN='9:P<56E6;B7<H>?@O04V<MN='9:P<56EI;<7<HL6=?93E6MN=?5I7<H

X =?@OQY0+=?D456=?+,7B56E601QD\]>?7BQYL67239:C+,-.+/01230456-X =?@OQ^V<9:-h L601biE X E6KA04D1;<E60
\]>?7BQYL67 $L69:='D1;<='MN=L6@A='E6Z_+/=?9:P<5I=?MN=239:CD1EI9:=?JL6@AEI9:=?fc015I56=?JE\]>?7BQYL67=?D47<23;<='J
QY01fc2OVV<D4>?7<56='+,9:0456=+,Z[7<E6QY=?='>?56='\]0156E60>?='KA56=?023='D1>?7<>'=?KA56=Ee @A=?D4>?=?0Z_7B237<K $

;<='56>?7<;B>?56-.R5604;<9:7<D4D1E6KA04D1;<EIR@A04\]0156E6CQY01>'=?2= 8'j E6JZ_2A01D1P@A7<Z[+,E6+/7<01Qa -

D1EI9:=?J>?7B56MN015IbcE67<9:P<5I=?J@A7<D4L6=?93=?fc01565I=?JL6@A='E6Z_+/=?9:P<5I=
E\]>?7BQYL6=?Q;<@OVBMN=?+/-.QL69:='D1;<E6QQY01fc2OV+,Z[7<E6QY=?2A01J6D4>?+,E60k D1D49:012AVBJ6>?0&N$

= 8 @A7<Z[=?Q $7<567B9:=?MNEIKA56-.Q567<JI230156-8 -.>'PQY=?M'V<>L67<@O7<QY01>'@A-23@OVBMNE60g D10

@A7<+/015l 01ZmV<9:PB>?7<>
 *T'$ n'$ U/)*$E6ZQY7<5604@A0fc0>?='J+L6=?9AV<KA0458 -.>'PQY=?fc04>\]>?7BQYL67567<;B9:=?567o MN='9

567<M?@OV<Z[;<=?J+,-.Z[+,7<5I5IV<F
H\]>?7BQYL67=?D47<23;BV>02375604Qp04239:045656=+,Z[7<E6QY56='D1>?E>?04=?@A04QY-e @AE69:='fc0156EI0

341

.i+=

.
)(

sin
12

3
=

.sin
1

=

¨

.sin
1

=

TTT

l

all

l

a

m

m
P

a

H

l

a

m

m
P

a

H

P

l

a

m

m

a

H
w

−
−)(ρ−δ

δ

)(−ω

ω

)(−

qBrGstuvGw r.stx3y^zB{G{.x3|} zB{G~ wi� st�6{.x{Gx wc��� st�6{Gx:|
� zN|.qN~:�OrGz �v x �� x wi� uvGw x:rG���Ox3st�6{.x3|� ~ �6��v� stx3qB�6r.|

yx

2k

1/22

2k

2

1k

2k

-1

k

k

03

2k

-1

k

k

0

2k

-1

k

k

�m�N�'��N���/�i�4�'�1�N����,�m�N�����#�N����N���� ���/�i��N�/���N� �_���'�4�N���¡:���4�i�¢ �'����£1�N�¤#¥ ¦







§

k=1

2

k=1

2

k=1

2

¨.©/ªN«:¬i®¯

Σ

Σ

Σ



 !"#$%&'()#* +,* +#-./0123145674589:;453131$<1$=:!>? !@?456
ABC*D?$#31"=@?D%"=@$=E#:;@?FG"#0"=H%IJ4GFG"#0KJ4G3L"=M!4NM!@?F5<1$=:9$=IJ4G31$E C "#O89$#:;IJ31$

D?$#$=M!89013L@?"<1$=:9H?M!3 CPQFG0LFG"=456 C31@? R@?:;$ !"#$$=2S31@? !@%4G" /T "#$"=H%IJ4GFG"#0 /KJ4G3L"=M!@
D?$#$=M!89013L@?"=@?60<1M!$#<1$=M!KJ0L$=31@?:;O%31@>?MR@?NU31453101V$=E#$=0 QFG"#$=M!$#31@W 4GNX@?H

>?MR@?NU31453101H?6Y&89NZ>?6D"4NU458 !"#$
D?$#$=M!89013L@?" /31@? R@?:;@$="#31$=FG0L"=4G:;O%31$6[$=6[4531"=$=N$=<1MR$=D?018 C NU@?\]^Y0 Q3101D%@?D?0 Q89@?NX@?"=O

89$#:;IJ31$314'()#* +,* _X-31@?<LM!H?IJ453101VM!@?F5<1M!45894G:;4531014 !"#$>?F5:;$=NX01H /012$=<1MR4G8945:;4G31$
E C "#O6[$=IJ45"<1$=:9$=IJ4G3L014` "=$D?$#$=M!89013L@?" *FG0LFG"=456 C31@? R@?:;@<1$=:9$=IJ4G3L01H

$="2a@%NU01F501"314FG0L:;@ !"#$2a@%6[4G"=01"#O /b @?IJ3L$*<1:;$#^Y@?89O4GF5"=Oc,8!4

*FG0L:9><1M!0L:;$=IJ4G3L3L>?\89@?"#O89$#:;IJ4G3<1:;$#^Y@?890<1$$="0131"#4Gc,MR@?:
 !"#$>?F5:;$=NX01H /012$=<1MR4G8945:;4G31@E C "#O6[$=IJ45"D?$#"=$=M!@%H<1$=F5"=$=H%3131@?H /4GF5"=Oc,8!4

FG$#c,:;@?F531$M!@?F5<1M!45894G:;4531$de"=@%6[<1$=6<1$=889@?NX:;4G3L01431$=MR6[@?:;O?31$#4f >?F5"=O

D?@%DD?$#$=M!89013L@?"=@ Q<1$=:9H?M!3 CPQN$=<1MR4G8945:;4G31@$=E#:;@?FG"#0g M!@%3101KJ@
<1:;@%314 *N$=E#:;@?FG"#O2a@%31016[@?\]^Y01Vde"=@%6[< /<1:;$#FGD?01Vh @?F5FG6[$="#M!016

0131"#4Gc,MR01M!$=NX@?3101HR&<1$=MRH?89D?@012S6[4G314G3L01H<1$=F5:;4" /489@'()#*ijk* lX-N'mjk*ijk* n#o#-f $=89F5"=@?3L$=NUD?@

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

0.=dsin)(,0=dcos)(

¨

(5.4.4)

,=2=)d(=d

)(

)(
d

(5.4.3)

)(

)(
=

(5.4.2)).(=

(5.4.1)

.d),(
)(

),(

d
)(

d2
=),(

¨

342

S

yx

aa

PSA

PAcac

a

ca

PS

c

a

ca

a

S

x

x

x

x
Hw

φφφφφφ

φφρρ

ρ−φ

φ
φ

σ

ρ−φ

φ
σ

φρ

ρρφρσ
−ρ

φ−φρρλ

φ
−ρπφρ

3

0

2

3

0

2

2

0

2

1/2
220

)(

0

2

1/2
22

00001/22

0

2

0
0

2

)(

0

0

2

1/222

0

pGqrstquv1quwx?yrzP{ q x?{;zP| wx}u~;����yr���;z������R� qu��q













ρ

a

x

a

ππ

πφπ

φπ 0



 !"#$%&'()*+,+-./*+01*2345601789:;*+01<=-4()5>?4-4(789:@A,+<=56,+BC?
&'()DE01&F 9,+*+BC0=$%7G"456"AHI BC() !(78*+0J+()7GB)()$AK40=BC<=K56(C !,+-4""4*+"#56() !,2@%*+"4K

,L>56K0=<1B)?<=5%34@%"40I BC()&7 !$A"4*+,+ME9N $%"#78*+0=*2,+0
HO<=BC()$%(C*+()P<=(-47G"4L>$%"#B)"<=5%34@%"4PL>01B)"456?#*+(Q (C560=0$%"4<1<=&'()BC$%,+&R 0=J20=$%?

34&'01*+?4ST"401B)<=K.H
"4&'J+5>,+BC34L>",+;@%BC(J+()-#"4UV9:7G"40=BCW !"#$%&'()*+,+-J+()<1560=LA34XYZ[,+;\ <=<1560=L>(C78"4*+,20

0=<1B)?A/ !"#$%&'()*+,+-#,
$%BC()P0@%01B)7L>56K] 9:$%"#DE0=*+,+0^ H_L>56K789:$A"4DE0=*+,20778;`()L>K4B*+0 !"#$%&'()*+,+-#,
B)*+9:00*+01@0=<156,*2345>XYW$%"47G*+9Q 3#L%34B !"#$%&'()*+,+-#,B)*+9:00*+01@78<10@%BC(,-4(C*+BC34$A"4W

J+$%(C,+UV7G()56?4*2() !(L>56K*2345>X$%"47G*+" !"#$%&'()*+,+-#"78BC()$%"4K@%BC(UV"#&'0=B),+BC?4W] "4DE*2(

78,+L6/,+&'0=01B !"#$%&'()*+,+-#"a 34560178"4K !"#$%&'()*+,+-#,bH-4"#DEL>()P
L>56K()BCL>0=56?#*+(789:J+(C56*+01*+(Q 9:BC?&'()DE01BJ+01$%0=&'0=Z[01*+,+K*+()$A&'"456?4*+(C !(789:@A,+<=5601*+,+0

c ()<1560=L%3#XYZ[0=0d "#3#<=<=".He 34*2-4ME,+X !,+J20=$% !01()&'0=BC$%,+@%01<=-#3#Xf Q (CUV*+"4@A"40=Bg L>01<=?

B#/0L>"J+(\ *+B)01 !$%,+$A()78"4*2,+0_hi H j!H iG^ H*+"4J2$%K4DE01*+,+P$%"4<1J+$%01L>0=5601*+,+0=&789:Uk9:78"401&'9:0
J+01$%0=&'0=Z[01*+,+K4WQ 3#L%34BJ+()<1B)()K#*+*+()P-Q 5>,+UV-4,-4"#-J+$%(C780=$A,+B)?4W&'()DE01&&'9

_hi H j!Hlm ^ W7_hi H j!H iG^J+()L%<=B)"#7856K4KR 0=J20=$%?STB)"#&'J+"J+56(C<=-4(C !(<=5%34@%"40]

⌡
⌠

⌡
⌠

⌡
⌠

⌡
⌠

343

/4,<</4/cos=)(

(5.4.8).
)(

de

35

8

2
=

¨

¨¨

(5.4.7).)d(
22

=

(5.4.6).d
)(

11;;
2

1
,
2

||
1e

)(

d

2
=),(

¨

.==

(5.4.5).

)(2

)(
=

la

l

aA

HP
w

a

a
A

HP
w

F

a

xn
F

x

xxx

A

HP
w

constw

aA

aP

πφπ−φφ

φ

φ
ρ

φ

φφπ

φ
φ

−−×

−ρ
)ρ(φρ

ρ

δ

ρ−φ

φ
σ

0

2

0

)-(4

0

2

3

4

0

2

0

0

0

2

2

0

2

1/222

|n|

0

1/2
22

nop!qCrs!tuvGwxy1qCz=s!tu{|8}o{!n~�u��p!}~w�!tu|� tuvGwxr�!vGtup!���VtuqCz1s!tu{�6�uy1wx�� qCtun~�=p!{��� �













�

ρ

)-in(

φφπ

π

φφ

π

∞

∞

i

0

0

n=-

Σ



 !" !"#$%&' $()*+,-.!/012 $34 ()5 "#6.!/5 4-6 . '78 !" !"#$ /9:/!;<57//  * %&= *&>?*+5 '7@
A $ @.!1B*  0CDEFG *+* %+@HI. 4 9 = /!9 8= /!AA 4 ( $ *&5 '7@1 4 %+= 1?*+AJ* $ *+5 ' *= 1 4 ( ' $3K 57/!* !"L % $ '

. @ ;<* % . 'MNO<*&5P.!1 C,/!.057/!HI*&5 ' E= /5 4-Q ( 4 5 !" . K9:/!;<*+.

2RA?*

HI. 4 9 = 4 N2R*+/!9:*&.01 '7'/!..!/ $3K ,-/QS4 ( '7%+@ G ' 6
,-/0T!UPU ' O ' *&57. 8 * Q 1 4DQ 9:*&1B5 "#6* % . K'/ % 57/!( 4 5 '7@-8= $ / GV4 A K* % . K2RA?*

, 4 ,BW= *+1?* =7'7% 4 57/ !" . K9:/!;<*+.,-/0.!/!1?/0*XYZ N [RN \0]^8
UP/!1B9:*(%&' $()*+,-.!/01?/!92 $34 ()5 " 9'HI. 4 9 = 4/ % 4 AJ,-/ 69:*&;<A C( Q_4 ' 9:/!/0.!57/0HI*&5 ' *

= / $ /!; ' . K9:/!;<*+99 "'9:*&5 K HI* 8** G 0C AJ*&.%&' $()*+,-.!/01?*2 $34 ()57/09
(/!H '  , 4/!H '  , '78Q 5 4 , 4' Q 9:*&57*&5 ' *()5 ' 9 4 5 ' *()/` 1 ' 5 ' 9 4 @()*+1?H ' 5 " N
/!.1 4 %+% .0/ @ 5 ' *+9% !" % .!1?//!>B*&5 KC 9:*+5 K H 4 @D% K'()*+1?H ' 57* 8(a0b)cAJ/ % . ' 2 4 @

,-1 C 2 4()57*57*+()* $ ' , 4d H '  , 4,-1 C 2 4()5 C .!1 'efc>?*+99:*&5 K HI* 8/!H '  , 4>?.0/
= /!, 4-QS" ( 4-E . 8( " > '7% $ *+5 '7@` 1 @ 9 " *1?*+HI*&5 '7@gN57*+( @ Q ,-/ 65 4-Q ( 4 5 " !" . K9:/!2 C .
2 4 1?9:/!5 ' , '/ % . 4 (fH ' * %+@.!/02RA 48HI. 4 9 = 4/ % 4 AJ, 4>?.0/= / $ /!; ' 9 89 "L % $ '

⌡
⌠

=

(5.4.12)d)(
2

1
=

(5.4.11),
2
=

(5.4.10),

¨

.

.

2

25

2

11
3780

+

2

23

2

7
1680

+

2

21

2

1

2

7

2

5
1200

+

2

19

2

7
144

+

2

17

2

9
6

cos12
2

=

,
13

20
+

13

12
+cos8

3465

64

2
=

(5.4.9),
105

cos432

2
=),2+ln(14

2
=

344

Pw

ar

r

A
g

gA

Ag

HP

l

w

lll

llA

HP
w

lllA

HP
w

lA

HP
wl

A

HP
w

δ

φφπ

π

√

√
≈δ

≤ρ

≈δ

)ρ(
)(Γ

)(Γ
)ρ(

)(Γ

)(Γ
)ρ(

)(Γ)(Γ

)(Γ)(Γ

)ρ(
)(Γ

)(Γ
)ρ(

)(Γ

)(Γ
φρ

)ρ()ρ()ρ(φρ−

φρ√π

hij-k?lDmgn+opqnYh<r&kgstlRq
0

2

2

1086

42

12

642

8

2

3

40

u&vwxtvMy7vMz{-|w}#~ v {-~3}#� z{�M�3����|w���3}������B� vM�gv













�

a

a

π



 !"#$%&
'()*+ ,-+./0,*123456789:;< &=> 45<?:;45@AB;8 =@C <%< =D> @ &@E<?:;F & #GH &;> 6 = 8 # 6?I45J*< & @  #EK + LDLDMNO#: $ < = L$ <PBQ L &

F =D # <PR L
4 KJ

M  
R8S45T #  45U = J*V &L

4# $?= L =DW M
I4  L # $%&

< # V;4
U = 6 = L #

V$ < = LDM
4  L

45U # L = #
8@45J*< & @  #EK$ <PB 4*F L &$ 4*@  5&; 45F L

4J*: $ #  
4
L &

F  445T =3$%&; R!I8S45T # 88
M

F  4 5& VV;67:!X & I$ <PB 4*F L &
'()*+ ,-+./0,*123456789:;< &

F  4> 6?4 G # 6 =D R;I< # X-V;4YZ45T
L
4= L #

6 W[=D= +8S458 # L  > 45<%B;6 LDM K
45J*4 Q L &

F & #  X $ #

F =D *& #  @EB "V;4 C 232 =DW[= # L  
F # 6 #EQG M

6 & T # LDL3M K
6 #AQ :;<%R  5&; I\]X-4@  *&; R #G> 6 # $ <P45T # LDL

4 K
'()*+ ,-+./0^*1 I 5=D>3&23456789:;<%:4 $ L

: 4*<PR;V;4< =D # 6 &! :;6 #GL &
U_< =Y

M

@E<?:;F & B +F & @  L
4*X-4V & T $ 45X-4$ <PB 4*F LDM

4
L =L &

@AV;45<%R;V;4> 6?4 G # 6 =D R;IL
:;T

L
4

L &
8=U  5& 8 >D& I> <P4*@EV;4*X-4> 6?4 = Q G 45<PR L

45X-4 $ <PB$ #AK @  5G`=D # <PR LDM
)*+ ,-+./0ab1'()*+ ,-+./0^23456789:;<

M
F  4> 6 # $%> 45<%45T =D R!I6 & Q :;8 LDM

8 > 6 # $ @  *&;G <PB #  @ABc # > # 6?RL # >
<P4
O
4 +@E4 G @ # 8F  4/d+ ebf I# @  R6 #AQ :;<%R  5&; *&L &

U # X-4
45U = J*V &F  4 5& V^-+ gbe`h I6 &;G L

4==G> 45<?:;F # L
4

J
M
<P4 4*F LDM

8SI> 6 # $ @  *&;G <PB #  @ABV;4  456?4 #Ii
L &

F # L = # 4*F LDM K
+:;T 5& V;4 K

6 #AQ :;<%R  5&; L &
UF  44 Q L &

F & #  IL #
Y & V;@ G # <P< &6 #AQ :;<%R  5&; :VJ5< = Q 45@  Rjk4

L #
F
L
4*I

@E4*4  L
4*U # L = #

8 "
> < =D M> <P4*@EV;4 K8SV;45@  R;l#@@ G B Q & L

V;4 C 232 =DW[= # L  L &
UF  4G M G #

@  *= I< # X-V;4
8S45T

L
4& L &

<P45X = lmIC < # V  6745@  *&; 5= F # @EV-:;lno@ > 4*<PR Q :;BV G`&;$ 6 &! 5& +8SV;45@  5=#$ <PB
Y & V;@ G # <P<%458$%& L3L

4589:^-+ gbe`^*hQ L &
F # L =

l
LDL

4*89:#> 6 = J5< = TVJ5< = Q V;445F # L
RF  4

V & V'()*+ ,-+ pb1= QV G`&;$ 6 &! 5&$ <PBV;4 C 232 =DW[= # L  
G M

F = @E< =D R8S45T # 8Y
M

2345678 +6 & Q < = F LDMNO
U  5& 8 > 4 G$ <PBQ L &

F # L = #L & K  5= q
 # > # 6?RQ &!$%& F &H & U &+&;>D> 6?45V;@ = 8 &;W[= #AKO

456745U #EKB G <PB #  @EBG M
F = @E< =D R;I

8S45T # 88
M

V;4  456?4 #'()*+ ,-+./0^*1 I:;6 &;G L # L =
B= Q

q
> 6 # $%> 45<%45T # L = #

45@
L
4 G L

4 #H & U #

23456789:;<P4 K "@@ G B Q & L

345

¨

¨

(5.4.14).
2

=

(1964b).Solomon

1964a),(Solomon,1960)(Noble,

(5.4.13).=

¨

¨

¨

0.3611,=
)2+ln(1

1
=

.=

ba

I

A

I
g

g

g

A

C
g

Cg

g

g

g

g

g

Ag

HP

π

−

√

√π

√
δ

δ

r5stuvw7x

1/4

1/8

0

11/8

9/8

1

yz{-|*}~-���`���A|*�E~-����b�z�-y����d{-����-���� ���`��}�-�`��{-������|*�A~-����P���A���� |*��y��E{-��d� �

�

�



 !"#$%&'()*+,)() -()&'&'./0)(12345678&9"#:!./&9;'<:!"#*+,)&'=>?&'.+*/@#( 3AB @#(C "#*+*/DE(),F !;'D
;'&',F./ !$%" 3 .D.$G*$G( !.+7HI 3AB ,)"#,F=*/"JDE=>.K .,).L  !"J@#,);':-./*/@J;

M "#NO, !"#7 3 ;':-&'=>DE;'P$G=>0 345 M 5 ,?9(), 5QRS 6 TU6VWXY%Z P;QRS 6 TU6VWH[FZ\ () -D]I 3 =*/(F(),)$%./,)*+,)$G.+&'&'( 6

;

I L  -()^2"#NO,)* 5-_QRS 6 TU6VW8`GZ;QRS 6 TU6VW S Za () -D]I 3 =L ( 3 ;'0U()&9"L  !"J$G; 34B &'()0U(* 3 I#:!"#.b

, _.M "* 3 I#:!"#.c),F()D$QRS 6 TU6VWHTFZd ( 3 (FDE()&'"\ () -D]I 3 "

@#(Fc a9a ;'ef;9./&',)"
M 345$G=> -" K ./&';9.* 3 . M I#NO^2.+.M "#NO,QRS 6 TU6VWHgFZ;QRS 6 TU6VWFWHZa () -D]I 3 =h ()0 M "

6*+IJDEDE. !"#$%&'"L ( 3 ;'0U()&9"L 3 (F^2" M BL ( 3 &'" 5P;P*/,F() !(F&'"#DE;
()iF !"#7H()$G"#&9&'()0U(,) -.+I#0U( 34B &';9@#"#PL 3 (F^2" M B./*+, Bj I#*+, B6@#"J@$G.+ !kl;'&'= m

()<M (, 5 K ./*/,F;ef./&9,) !"(), !"#*+*/,F( 5 &';'.()iF()78&9"#:!;'Dn =WX6@#"J@L ()&9;'DE"#./,F* 5 o W !"#$%&'().;'& M .+@#*+"78&9"#:!./&9;'.:!,F(p */&'(FPo WX6L  !(F&9I#DE./ -()$G"J&'"L .+ !./*+./@#"#NO,F* 5 P
;*/,F() !(F&'=0 M .b ./ -kl;'&'"#P*/,F() !(F&'= 6m

()<M 3 ;9&9I()iF()78&9"#:!"#.+,
PM (W(),*/,F !. 3 @J;:!"#*+()$%()<L  !(F,);'$L ( 3 ;'0U()&9"*/,F() !(F&'=&9I#DE.+ -I#.+D
n = !"#& B kl. 6;@#"J@, 5 K ./*/,F;'Pef./&9,) !.$ !"#* L ( 3 ( K ./&'(@#(F() M ;'&9"#,*/;9*/,).+DE=

q "#:!" 3 (( M &'()78&9"#:!&'(F< 6;&'. L  !./ -=r$%&'()<5 $ 345 ./,F* 50U -"#&';'esI#P./0)(( L ;9*/=>$G"JNO^t" 5 Z PQa I#&9@#ef; 5:!,F(()0) !"#&';':-./&';'.+DEP. M ;'&'*/,F$G./&'&9=>D**/,F() !(F&'"#DE;'P*L ( 3 ;'0U()&9"
a () -DE.$i)"J78()<*kl,)"JD L PL 3 (F*/@#;'<C "#*+*/DE(),F !;'D6

,)(F:!&'= 6c 3A3 ; L */"* 3 I#:!"#.$S 6 TU6VWHgGZQRS 6 TU6VWHua () -D]I 3 =
q "#kl;i)( 34B kl;'?M 34578&9"#:!;',F. 34B &9()<i)=>, BDE( K .+,a () -D]I 3 =c),F()<v kl;'i)@J"

.<3¨

(5.4.18)
)/sin(23

1+)/(2cos2
=

(5.4.17),

)/sin(1

)/sin(+1
ln

)/tan(4
=

(5.4.16).
48

3+
+1

2
2

=

¨

(5.4.15).

+

++
ln

2
=

./=

.+
2
=

346

n

n

nn

n
g

n

n
n

n
g

A

bba

aA

A
g

abb

abb

a

A

A
g

g

AAbba

Ab

k

nk

aak

an

an

ba

a

b

b

a
g

∞≤

π
π

π

π−
π√π

π√

)−(

π

−π

√

φ

−
ε

)(
π

1/82

11/8

9/8

1/8

k

2

2

k

2

k+1

2

k

4

k

22

k

3

11/8

9/8

kk+1k

kk+1k

k

k

1/8

3/2

7/8

w/xyz{x|}'x|~�#�y�>� x �#�4�>� ~��|�4���s�y���4�r�����-� x|��x





















����%���
��

���%��
�

k=1

n

k=1

n

�E�J�4�s�J�J��)��E�4�s�2�%�

Σ

Σ



 !"#$%&'()*+, (-$.( ,/0/1-234/2
5#6789:&'"#;<(-8= "9># ! 0/?<0 ( 4 8 2@ABCD !"#$%&EF BC2G$ 23+ ( 41 89"#$." 4/2 & 0@A+ F3& D>#8 0 & 0

&'(H; @ FF3I#" B0JK"#I @A2$.(-LMF B :38 2 896NO1 $ 23+P4/0 8#:&'"#;<(-&&'6Q 89"8 2R=
$ 231-1 &'"#89$.( 4 6 G5#6 BC01HB F Q.230Q.231 8 4 67(4 ( = "#8#"9$.67(4 "$.(-ST( 4/2 G5#65#6 BC2ST8 2 & , (
8#$%(-F3IU" B : 4 "9&, $ 0 L + " B : 4 "9&"L 2R@A23Q.25#6I @ (1 8 2 8#: 0 G" @.4 "#V4/0L 4!2 (H&4 (WX6

 !"#$%&EF B *IU(-"#&'(H89$ Q ( 1-=30/Y
0 L + ( 1 8 4 6 YY "#$%"#ST"0 L" , $%( @ ( B ( 4 65#6789:&'"#I9F38Z[\ O ]UO^_`aPb+c 2 $ 2 &'(H8#$%6

"#59$ 2 LM"#&d*1HB ( @ F3efg 0 &F , $%"#g 2 (H8 1HDZ[\ O ]UO^_ \ b !"#$%&EF BC2G0G
1 89"#$." 4/2 & 01 "ST8 2 & ,8#$%(-F3IU" B : 4 "9IU"1HB F Q.2 (hO

0/4 89(H$ +)23B (
&(+P1+ "L 4!23Q.0 89( B : 4 "0 LM&'( 4/D (-8 1HD4 (L 4!23Q ( 4!0 (Q 89""#89&'(H8 0 89: Gi B ( @ F3(H8O

$." 1 8#"9&1F3&'( 4 :3S 2 (-8 1HD@ (-V 1 8 +)0 8#( B : 4 ""#S 0 5 =30+ "9L`&'"#; 4 "#V& 23=31-0 &EF3&Q 89"D31-4 " G
1 8 234 " +)0 8 1-D0+@A234!4 6 YIU$ 234/0/?

+P4 FR8#$ 04/23Y " @A0 8 1HDQ 89"j O k \ a \ G$ 23+)4 "IU( =31H2 IU" 4/2, $ 2R+P0/B : 4 "#IU"@ABCDl 4/2RQ ( 4/0 (
$.(-LMF B :38 2 89"#&dO>#8 0 &11 $ 23+P4/0 8#:5#65#6 B "&'"#; 4 "Q 89"4/0/Q (HIU" GBC0 89(H$ 2 89F3$.(

+4/2 S BA04 (WX6, ( 4 8 2 I#" 4/2, $ 2R+P0/B : 4 "#IU"m BCDO$." 1 8#"9&1
F3&'( 4 :3S 2 89: 1HD59F @ (H8Z[\ O ]UO^_Mn9b"#S 0 5 =32Q 89""#; 0!@A2 8#: G&'"#;<(-&&'6

= $%FRI 2@ABCD$.(-LMF B :38 2 88#" Q.4 67V8(@A21HB F Q.2 (, $.( @ ( B : 4 "#&
+Z[\ O ]UO^_Mn9b !"#$%&EF BC2=32R=o 23=_pO qPrNO( 1 8#:=3+)23@ $ 2 8 2@ABCDZ[\ O ]UO^_Mn9b"#S 0 5 =32$ 234 (H( G

+P0/@ ( BC0&'6J 23=]UO^_MrNO$ 23+)4/2$.(-LMF B :38 2 8 24/2 ST(-IU""#S 0 5 =32Q 89"8 2R=j O k9stu#a G$ 23+)4 "
00 L+ 6 Q%0/1HB ( 4 "5#6789:&'"#;<(-88#" Q.4 67& GD3+)BCD (H8 1HD, " Y "#;<(

= "98#"#$."9(Gl 4/2RQ ( 4/0 (8(@A2Z[\ O ]UO^_Mn9b !"#$%&EF BC28#$%(-F3IU" B : 4/0!=32

347

(5.4.22)

,
2
+
4

tanln+
4

cot
4

2
cotln

2
2sin/2)tan(

6
=

,==

.])+[2(
3

1
=

,])+[2(
3

1
=,])+[2(

3

1
=

)/2,++(=,)])()(([=

(5.4.19).
+

++
ln
1

+

+

++
ln
1

+
+

++
ln
16

=

.<3

¨

0.3635,<<0.35917(1951)öSzegandlyaóP
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¨

Proceedings.Society.

MathematicalEdinburgh

Soc.Roy.Proc.

ASeriesSoc.,Roy.Proc.

IREthe

ofProc.

PhysicsandMathematicsof

Journal

Proceedings.

Society.MathematicalLondon

ReviewsPhysical

BolognaInst.Sci.

Accad.Mem.

FunctionsTranscendentalHigher

mKnop0q,r?s4p#tMr?s

u;v[wex#yz{|3}=~0�9�N����0�N~0�N�y�K�=�4�=�6�N�>|3�9���y ��y

u��3�9�kueu;�ey}=�e�?yu;v[wexe��e�,� �0y��3�0�;|3��y�6�\�0��|e�N�#|e�?�N�6|e� �N��~N|3�}� �3�0���6�� �?��;� � �N�\� �|3�>�3�N~N�e�6�N��!�N�M¡6�6�¢£y ¤�y¡¥�|3�4| � �N�4�=��ay z¦y

§#¨9¨ � §#¨[© y}=�e�?yu;v[w(u��u © ��0y� �6�?|e}=~N|e}=�3¡�y| � �6|3���\�N}ª�6|3�M|3«U�=�6�>¬K�3�4�=®£¡6�6�~N�4�0�#�?¬K}=¡>}=�3�ª��|3� |3}ª�?�N�3�M�=�6�6|e�#|�3�ª�?�N��\�N�[�6|3�[�=}=¡>�¯o�6�4�0�#|3��°�N�6�0}=±`~N�²Uy ²Uy¡¤°� � �4�=�6~N¡6�¤�y ³`y



1-25.pp.1987h,67,Vol.,shape.arbitrary

ofpunchrigidcurvedaforproblemcontactelasticFrictionlessFabrikant,V.I.

39-59.pp.1987g,67,Vol.,medium.

elasticanincrackscircularcoplanarofinteractionCloseFabrikant,V.I.

465-467.pp.1987f,23,Vol.,

crack.ellipticalexternalanforfactorintensitystressTheFabrikant,V.I.

129-147.

pp.1987e,18,Vol.,discs.

coaxialunequalchargedarbitrarilyseveralofproblemElectrostaticFabrikant,V.I.

507-518.

pp.1987d,67,Vol.,¨

coordinates.sphericalinTheoryPotentialofproblemsMixedFabrikant,V.I.

533-545.pp.1987c,62,Vol.,

approach.Analyticalapertures:smallofpolarizabilityElectricalFabrikant,V.I.

175-189.pp.1987b,56,Vol.,

space.elasticaninshapearbitraryofcrackFlatFabrikant,V.I.

191-207.pp.1987a,56,Vol.,

solutions.formClosedrevisited:crackPenny-shapedFabrikant,V.I.

1-12.pp.

1988d,121,Vol.,approach.Analyticalscreen:

softainapertureshapedarbitrarilyanthroughpenetrationSoundFabrikant,V.I.

87-104.pp.1988b,30,Vol.,

loading.normalundercrackpenny-shapedaforfunctionsGreen’sFabrikant,V.I.

342-351.pp.1988a,29,Vol.,

discs.locatedarbitrarilyseveralofPotentialFabrikant,V.I.

181-197.pp.1989,4,Vol.,

loading.shearundercrackscircularcoplanarofinteractionCloseFabrikant,V.I.

621-630.pp.1949,45,Vol.,

problems.relatedandplanetheofproblemThecrystals.

hexagonalaeolotropicindistributionsstresssymmetricAxialElliott,H.A.

522-533.pp.1948,44,Vol.,crystals.

448

MechanicaActa

MechanicaActa

StructuresandSolidsofJournalInternational

MathematicsAppliedandComputationalofJournal

MechanikundMathematikAngewandterufZeitschrift

ElectronicsofJournalInternational

AMagazine

Philosophical

AMagazinePhilosophical

VibrationandSoundofJournal

MechanicsFractureEngineering

BSeriesSociety,MathematicalAustralian

theofJournal

MechanicsComputational

Soc.Phil.

CambridgeProc.

Soc.Phil.CambridgeProc.

References



449

785-801.pp.1986j,24,Vol.,

half-space.isotropictransverselyatobondedpunch

axisymmetricanofproblemthetosolutionsexactoftypesFourFabrikant,V.I.

390-394.pp.1986i,53,Vol.,

half-space.elasticanonpunchesellipticalSeveralFabrikant,V.I.

363-368.

pp.1986h,66,Vol.,¨

Theory.PotentialinproblemssometoapproachnewAFabrikant,V.I.

29-36.pp.1986g,

61,Vol.,elasticity.inproblemcrackInverseFabrikant,V.I.

224-246.pp.1986f,31,Vol.,theory.

potentialinproblemsmixedexternalsometosolutionsExactFabrikant,V.I.

1439-1453.

pp.1986e,23,Vol.,

applications.theirandintegralssingularofevaluationComputerFabrikant,V.I.

1438-1446.

pp.1986d,50,Vol.,expansion.

low-frequencyintermsquadratictheofdeterminationAnalyticalscreen:rigid

ainapertureshapedarbitrarilyanthroughpenetrationSoundFabrikant,V.I.

798-806.pp.1986c,53,Vol.,

half-space.elasticanonshapearbitraryofpunchflatInclinedFabrikant,V.I.

489-498.pp.1986b,

111,Vol.,approach.Analyticalscreen:rigid

ainapertureshapedarbitrarilyanthroughtransmissionSoundFabrikant,V.I.

1731-1740.pp.1986a,24,Vol.,

half-space.elasticanonshapearbitraryofpunchFlatFabrikant,V.I.

813-816.pp.1987k,61,Vol.,

membranes.perforatedthroughDiffusionFabrikant,V.I.

323-338.pp.1987j,20,Vol.,

approach.Analyticalapertures:smallofpolarizabilityMagneticFabrikant,V.I.

296-309.pp.1987i,28,Vol.

,sphere.chargedafor

problemsvalueboundarymixedsometosolutionformClosedFabrikant,V.I.

ScienceEngineering

ofJournalInternational

MechanicsAppliedofJournal

ASME

MechanikundMathematikAngewandterufZeitschrift

MechanicaActa

MatematikyAplikace

EngineeringinMethodsNumericalforJournalInternational

AmericaofSocietyAcousticaltheofJournal

MechanicsAppliedofJournalASME

VibrationandSoundofJournal

ScienceEngineeringofJournalInternational

Physics

AppliedofJournal

GeneralandMathematicalA:PhysicsofJournal

BSeriesSociety,MathematicalAustraliantheofJournal

References



 !"#$%&'()*+,-&* !&'./"012&'.3*+,-&4567*+,89:&;<=(>&?@

 !"#$%&'()*+,-&4567*+,89:&;<=(>&?@

AB&CDE,
FG"#$H(I*HJ-"#K8,E*E$L "M6N*O@P5Q LRL)STUAB&CDE,VW,-&;<-"01W*H*XYQZ[Z"#K\.3*O@

FG"09E&F%[]"^6)<O_\`0_ !"#$%&'()*+,-&

 !"#$%&'()*+,-&
* !&'./"012&'.3*+,-&4567*+,89:&;<=(>&?@

 !"#$%&'()*+,-&* !&'./"012&'.3*+,-&4567*+,89:&;<=(>&?@

 !"#$%&'()*+,-&4567*+,89:&;<=(>&?@

FG"09E&F%[]"^6)<O_\`0_ !"#$%&'()*+,-&

 !"#$%&'()*+,-&Va6>1 LaL)STUAB&CDE,VW,-&;<-"01W*H*XYQZ[Z"#K\.3*O@

1,No.

¨

3,No

3,No.

6,No.

3,No.

7,No.

1,No.

2,No.

1985b.855-858,pp.#5,22,Vol.,

elasticity.non-homogeneousincrackExternalFabrikant,V.I.

616-623.pp.1985a,36,Vol.,

¨membranes.throughflowpotentialtheOnFabrikant,V.I.

117-128.pp.1986k,

6,Vol.,laminae.flatofcapacitytheOnFabrikant,V.I.

450

MechanicsFracture

Engineering

PhysikundMathematikAngewandte

rufZeitschrift

Electromagnetics

bcd\eGbfgEhbfeij?kWb0j8lChm#nCo+p
qCr hnOphsHtiuEv;s o t m#nio'w;xHm#nCy tiz p
{H|ft nio tCs xH} znio'w;xHm#y\~#oEm]w u+� x tmxHxH}7�~m#�T~ sHu� niw z�s� {Hu+{ x g o {H� ~#m#� { �xHw
z�tiz ~]xHniw;wtis o t � { g }7y?w;�N��~#� t{m {%u }m g y { �-wO�N��~#�� u+{H� x { ~� w;�Co { �;wOxHn h� p �/p

bcd\eGb � hq?� k��C�Chm#nCo+p
eChnOphsHtiuEv;s o t m#nio'w;xHm#nCy?w'p{H|ft nio tCs x t � tnio'w;xHm#y\~#oEm]w u+� x t

g u+�| w g w � wm z ~ � w;xHxHw �xH~ t m#~]m {Hz�z ~#nCo {H� xHw �� g xHw� w;�Co { �;wOxHn h� p �/p

bcd\eGb �-pd q k�d � hm#nCo+ph
sHtiuEv;s o t m#nio'w;xHm#nCy?w'p

{H|ft nio tCs x t � tnio'w;xHm#y\~#oEm]w u+� x tg u+�v m u+t y { ��-o'w;x {H� xH}7�oEw | g ~ u wu+{ x { ~#�
�;o v � t y t �m| w g w �E{�-o'w;x {H� x t �xH~ t m#~]m {Hz�z ~#nCo {H� x t �� ~ � ~]x { ~� w;�Co { �;wOxHn h� p �/p

bcd\eGb w=pbf�+bckWbf� � h
m#nCo+phsHtiuEv;s o t m#nio'w;xHm#nCy?~\p{H|ft nio tCs x tiz

nio'w;xHm#y\~#oEm]w u+� x txHw� niw z�s ~t| w g w � w� m#~]m {Hz�z ~#nCo {H� x%w �� w;�Co { �;wOxHn h� p �/p

bcd\eCl pd?�?eik�d r bfhm#nCo+pq?� hnOph
sHtiuEv;s o t m#nio'w;xHm#nCy?w'p{H|ft nio tCs x t � tnio'w;xHm#y\~#oEm]w u+� x t

g u+�| w g w � wm z ~ � w;xHxHw �t m]~#m {%z ~#nio {%� xHw �� ~ � x �;�� w;�Co { �;wOxHn h� p �/p

bcd\eC� �-prCq �ik rCq j\hm#nCo+pq j8hnOph
| w g w �E{ pm z ~ � w;xHx t �y?xH~ � xH~#�t m]x t y?x t �oE~ � ~#x { ~� ti� x t ~� w;�Co { �;wOxHn h� p �/p

bcd\eC� w hbf� � kWbf�Cd?hm#nCo+pbf�?h� tiz ph� niw z�s w'p
� ~#o t � t y\w;n t � tg u+�| w g w � w� t xHniw;�OnixHw �� o t m]nioEwOxHm#niy\~#xHx%w �� w;�Co { �;wOxHn h� p �/p

bcd\e rlCeCk qCq h
m#nCo+phsHtiuEv;s o t m#nio'w;xHm#nCy?w'p{H|ft nio tCs x t � t

nio'w;xHm#y\~#oEm]w u+� x tg u+�| w g w � wm z ~ � w;xHxHw �t m]x t y?x%w �� x v nioE~#x%x �� w;�Co { �;wOxHn h� p �/p

bcd\e � pb � kWbcd?hm#nCo+ph
v o'w;y?xH~]x {H� p{ xHnC~#�-o'w u+� x t � tt g x t � toE~ � ~#x { ~� w z �Ox v n t ~� w;�Co { �;wOxHn h� p �/p

References



 !"#$%&'()*+,-&./01*+,234&567(8&9:

./0);'*5<=>?"?6@"2(A*BC
*D/:E6@;F>GH(EIJ"=KL0)&M34;F>NOPQ&5R#38*%SET

UVW 0 U KX;MYZIH*IJ"#;[0\*B*><]&@6@&+^V*_`;@(EIJ&',@Ia(bTc"

dc*7<efg/34"2,5I`0);@(%f*D`&56V*V;@IJ"#$8(A*4,-&

 !&+hi*+(8;FY2Ij0b;F"Z(A*'"
k &5>?"#6-"Z(A*BC9Olm^-"?R@(bTc$noTcYFhi*V$Go<=>="#YZIH*@:

 !&'IJ"Xpq&'IH*+,-&k &5>?"#6-"Z(A*BC9Olm^-"?R@(bTc$noTcYFhi*V$Go<=>="#YZIH*@:

451

1975.Leyden,Publishing,International

Noordhoff,Sih,G.andKassirM.K.

327-345.

pp.1968,1,Vol.,solids.isotropictransversely

incracksellipticalaroundstressesThree-dimensionalSih,G.andKassirM.K.

7,No.

1125-1132.pp.1972,39,

Vol.,contact.lineelasticOnKalker,J.J.

821-826.pp.1982,16,Vol.,

elasticity.three-dimensionalincrackscoplanarinteractingof

boundariesthealongfactorsintensitystresstheforboundsUpperIoakimidis,N.I.

710-714.

pp.1920,June–1919Oct.1,Vol.,aerials.ofcapacity

theforformulasuggestedaandplatesrectangularofcapacityTheHowe,G.W.O.

277-291.

pp.1900,18,Vol.,Problems.Electrostatic

toapplicationswithDisc,CircularaforFunctionGreen’sOnHobson,E.W.

361-372.pp.1969,7,Vol.,

loading.shearundercrackscircularCoplanarKeer,L.M.andFuW.S.

3,No.

2,No.

ProblemsCrackThree-dimensional

MechanicsFractureEngineering

p

MechanicsAppliedofJournalASME

Mechanics

FractureEngineering

ReviewRadioThe

Soc.Phil.Cambr.Trans.

ScienceEngineeringofJournalInternational

rQseturMvMwx#yMz+{s[|9}9vMw~ZwyF�M��{w�Q�5�%�5�b�B� {
tu� � �@� � y �B�'� x �@�B�� � yM�F�4�F�� � � � � zV�Mx#yFz � � x#yM� �� �+�� � z �5� �Mx#y �y � �Fz �B��B�� � � � �V�

x#� �?� � �B� � ��Fx � x � �m� � yFz �%�V� � ��c�#�/�?�B�B�� � x �+� � w� { �c{�� � � �/� �9� �� { � {

s[|9}F~ {� �Fx � � �5w{
� �1� �B� w� { � {�� z � � � y �#�%�� { �u{

s[|M M~ {� �Fx?y �#� y � �Mz �B� � � y ww� �5� �B� w¡ { � {

¢ r9£Ft ¢ rM| {x#yMz+{s[|Zv-~Zws ¢ wyF�M��{w
� � �4� z �B�¤�5� �m�Mx#y � {� �M¥ �%�%�B�b�%�#� yF�M�� �+�� z � �B�B��B� � �%�B��� � z �%�B�B�¦ � �V� x � �#�%�B�

�FyM� � z'x#y � � � � {� �5� �1� �� �B�Q� z � �5�E�B�§c� �Mz � ��)z � �V¨ � z � w© { ª«{�� �B� � � � � x� { �c{

|Mtas¤r {x#yMz+{s[|ZvM¬Mw
y � � �@{� � z �5� � ��B� �FyFzV� � � � �

yFz � � x#� � zVx �5�+ � �� �x � � �x#�Mx#z � �4�FyM� �V�#�%� � �¦ � � � �B�B�� � ¨Mz �B� � � y w¦ { � {

s[|ZvQs � {se¬9rFtase¬9£Mw
x#yMz+{w

� z � � �B�?�B� � {�B� y �#� z �5�+ � � � ��4� � � � z � � � �z �?�/�#�B�B�®5� � �@�%� yF� �� � ¨Mz �B� � � y w¦ { � {

References



 !"#$%&'()*'(+,-.)/,0(123*456"7$89:;-(#<=*> ,0(?5@ A9B.%"+(#<=*

 CD8"E -5FG8HI2J,23*KGL"M,E,N $O23* N $%2P,EQA*KHIRAGOS&
TU$-V-$0QC,W G-(123$OR-2X(#<=*

Y D8") Z5FG8HI2J,
[ *KG\"],-.,^ ,CVU"#GA$B*_"7G N *K`:$O(+,0RZ$

a *K`?$O(7,0RZ$,a $O23* N $O2J,0RZ$b "],0R'9c$BV%()$d.

 CD8"E -5FG8HI2J,23*KGL"M,E,TU$-V-$0QC,b "7GAH'2e"7$O()H'2X&4*I(1(#<=*

a *K`?$O(7,0RZ$,a $O23* N $O2J,0RZ$b "],0R'9c$BV%()$d.

OfficeNavy,Dep.US.

shape.arbitraryofdiscsofcapacitanceTheHarrington,R.F.andOkonE.E.

pp.359-366.1981,,

Vol.,shape.arbitraryof

aperturessmallelectricallyofpolarizabilitiesTheHarrington,R.F.andOkonE.E.

1960.Berlin-Stuttgart,Birkhauser,1960)September20-24Sympos.Rome

(Proc.

lamina.rectangularflataondistribution

chargetheforequationintegralsingulartheofsolutionnumericalTheNoble,B.

14,No.

259-268.pp.16,Vol.1949,,

contact.inbodieselasticofComplianceMindlin,R.D.

198-205.pp.1977,,Vol.,

apertures.smallsomeofPolarizabilityBladel,VanJ.andMeulenaereDeF.

27-35.pp.1983,19,Vol.,

solid.elasticisotropicinfinitean

insidecrackscoplanartwoofproblemtheOnMura,T.andMastrojannisE.N.

365-391.pp.1939,27,Vol.,

ˆKreisscheiben.eßgleichgroschneidendenichtsichund

liegendeEbenederselbenaufzweiumPotentialelectrostatischeDasKobayashi,I.

452

EMC-23

AP-25

N00014-76-C-0225No.ContractNo.10,Rep.Tech.

CompatibilityElectromagneticonTrans.IEEE

Equations.IntegrodifferentialandIntegralEquations,DifferentialOrdinary

ofTreatmentNumericalSympos.

Mechanics.

AppliedofJournal

PropagationandAntennasonTrans.IEEE

Engineering

inMethodsNumericalforJournalInternational

Univ.

Imp.hokuoTRep.Sc.

fgLhIiAj f
klmAnKo-pdqkrsBnKt?u!v0wExypIwEv0wEz{ f |}f

gLh8~8� f��wEu!pdz��sB��oBq-�8z�A{}q-s-oBmApIqz
�7mAvcwEoBmApIqBz� f � fw��qB�OqBv0mApInKoBq-�Bz{ f �MfklmAnKn!qBoBm8pdnKo-wE�Ez� f |3f

gLhI�8� f�1�EwEp f z���EuK�?�CmA�Eu!�A�CmApInKo f|��L�:fz
nKu!�CuK�?wE� f�EmA�?�CuK�C�?mA�ZmoB�Os-�ZmApImA�Zm�EmA�O�Awxy�Aq-���Eq

�Ev0m8nKoBm8�Zm� v0�mAn!q � oBm8�wnKw?v0mA���uK� � s� � qBwE��mAm8�A�EmAxyu!�EwEuklmAnKn!qBoBm8pdnKo-wEwEz� f |3f

gF~'�A�XgLhdj fnK�8� fgLh8�Ii8zgF~'z� fz
sBn!v0mApIwE� f�Z�OqB�EwE�C�E�]t�Cq �\� u!v0qv0wE�Ew?uK�oB�Os-�ZmApImA�n�EmAvCsB�E�Cm8nK�A�OqB�EnK�8pdq � v0�sB�E�%sB�Zm8nK�Aw�Au!mA�CwEw�L� qB�CqnK��u!xyqB�E�Eq-�� nK�Em8pd�Eq-�klmAnKn!qBoBm8pdnKo-wE�Ez� f |3f

gLh8�8� fklmAnKo-pdqO�f� sB�C¡-uKz¢ f |3f

~I�8��hA~ fnK�8� f
gLh8�8£Izg\�dz�Am8� fz�EmAvCsB�E�Cm8nK�A�OqB�EnK�8pIs f

sB�E�%sB�Zm8��so�E�Cw � qBpdvcuK�E�EmA�xy�Aq-���EuoB�Os-�Zv0m8�m� q � qB�Cq�e¤A¥ qB���uKm8�EmApdzk f ¦�f

References



 !"#$%&'()*+,-./0,12)$%&'(3(!4567,3(1278
9 $:;<=>-?5<:@A -(1*B4*C,# D?E454FG& 9 &H6=4I  :/J*C&K2:*L/MNO,

P ,#8Q&K/R4H27&
4P &K*C,AST&K*B4H27&U ?V4H2)$%& 9 /0&W;

P ,#8Q&K/R4H27&4P &K*C,AST&K*B4H27&U ?V4H2)$%& 9 /0&W;

P ,#8Q&K/R4H27&7X4P &K*C,AST&K*B4H27&
U ?V4H2)$%& 9 /0&W;

Y)2)$Z[\67,)/]4:;QSL4*C :/J2=47SL4(*C,A$%&:88=ST,^?]/MNO8,*\?Y/0&K>W?0;5_B,1/]45.
I  :/R`Q,1/J*\?R&%`R47;

453

64-66.pp.1964b,

258,Vol.elliptique.nonconvexeeéborn
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