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1 Ú ó

óÀV( PSR 1913+16 ;�Cz�*ÿ�U
��OÏd"2Â�éØ¤ýó�ÚåÅ�3�
m��â, ,��8c�Æ[�ØU��l¢�
¿¥é�ÚåÅ�3�(=yâ. ��þ!p�$
Ä�UNK¤��Æ[ÄÀ�U,ÚåÅ, §�
Ì�©��u.ÚåÅÚëY5ÚåÅü«. cö
áuóÀÚåÅ, ´d�
�±Ï5��þXÚ3
�þo4Ýu)Cz��)�, X3�#(�u�
¥f(ÚçÉ���(�/¤�ãÑ¬kóÀÚ
åÅ�); �ö¿�ëYÚåË�, ´d�
±Ï
5Ô�XÚ��þo4Ýu)Cz�)�, X��
UN!V(XÚ�o4Ýu)±ÏCz�Ñ¬ë
YÚåÅË�. �Ò´`, ùü«ÚåÅ��þÑ
´Ï��Ý5ÆC, =UN�þo4Ýu)Cz�
DÂ�)�. óÀÚåÅäké���Å5, Ø
|u&ÿ, �nØþ�à�uëYÚåÅ�ïÄ.
��V(XÚ�$ÄG�´��(½�, ä���
U,ëYÚåÅ�k|^�. Ïd, ��V(X
Ú�ÄåÆüz�ÚåÅË�¤��Æ[��c
ïÄ�#9:.

¢�ÔnÚnØÔnÆ+�Ñ�©'5Úå
Å�ïÄ. ¢�Ôn�åu-1Z�ÚåÅ*ÿ
Õ (LIGO) �ÚåÅ&ÿOy, XÃéÚåÅ?1
¢�uÿ�y. nØÔnI�ïáp°Ý�Úå
ÅnØ��, Bu��Ú?n¢�*ÿ]�9)
º*ÿy�. �Ä��ÚîCq´¼�p°ÝnØ
�¬�Ì�å», NõïÄöl¯^=��V(
�ÚîÄåÆ�.Ú�ÚîÚåÅ/ [1−4] �ïá
ó�. ~X, Kidder[1] |^�ÚîÐm?Ø
�é
�IXS\�Ý�§Cq� 2.5PN � (= 2.5 ��
Úî), ^=?Ä�§Cq� 1.5PN ��;^Í
ÜÚ^= - ^=ÍÜé��V(XÚÄåÆ�K
�9ÙéÚåÅË��K�. Will � [2] |^�Ú
îÐmÚ�þo4Ý�í�Ñ 2PN ��ÚåÅ/.
��, Tagoshi � [5] |^�ÚîÝ53�%�IX
e�Ñ2Â�éØ^=��V(XÚ� 2.5PN �
üz�§. Faye � [6] 3�é�IXÚ�%�IX
S©O�Ñp�;^ÍÜ�$Ä�§Úp�^=
�^�^=?Ä�§. ¦��?�Ú©Û
çÉ
�N�ÚåË��A [7]. ù
nØ�.´l�Ú
�Ie�.�KFÄåÆÑuïá�, �,, ��
l Arnowitt-Deser-Misner (ADM) �Ie�M�î
ÄåÆ [8,9] 5ïá, §�ò�ÚåÅ�&ÿJø�
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�°(�nØ��. ,��¡, ÚåÅ´uUN
�þo4ÝË��)�, o4ÝÌ�dV(üz
�G�þ (X�IÚ�Ý) (½, �V(üz�kS
Ú·bÄåÆ&E¬3ÚåÅ¥��Ny. �ud,
Nõ©Ù�9ÚåÅ�·b�'XïÄ [10−15]. U
N�·b$Ä�"/ÏÚåÅ?1*ÿ, �Ó��
ÚåÅêâ¥�D(GØ�5æ�. u´, ·bï
Ä¤��éØUNÔn�k��K. Q²�Ý�3
^=��V(·b�Ä��Æ [16−20], �ù
�Æ
y®©� [21−26], @�^=�JéV(üzk�
K�, ´p�·b��Ï�. Ù¦�éØÚåX
Ú�·by�½É�'5 [27−31].

Ø
©z [10—14] ïÄ
ÚåÅ�kSÚ·
bÄåÆ�'X	, C5©z [15] &?
 2PN �
^=��V(M�îXÚ�ÚåÅ/�;�a.
�m�'X. ,, ù
ïÄ(J�Ñ5u�Å
XÚ�/, é�½Ä�þØ�9 2.5PN �ÚåË�
�éV(üz�K�. ¯¢þ, ÚåÅ�DÂ��
Ò´Uþ��«DÂ/ª. w,, ��V(XÚ3
Ë�ÚåÅL§¥¬��XUþ�Ñ. ¤±, 3ï
Ä��V(üz�L§¥�ÄÑÑ�ò�ÎÜ¢
S�
. Äud, ©z [32] ©Û
nçÉ¹ÚåË
����ÚîM�îXÚ�ÚåÅA�, �´vk
�Ä^=�J��^, �vk&?·béÚåÅ�
K�. �
�Öù
ó��Øv, �©�Ì�8�
Ò´�	;�Ú^=�JþÐm� 2.5 ���Úî
.�KF^=��V(XÚ [6] ¤Ë��ÚåÅA
�.

2 ^=��V(��Úîüz�§

3�Ú�Ie�þ©O� m1 Ú m2 � m1 >
m2 �ü��^=UN��é$Ä�§�d.�K
F�Úî�.L�

a =aN + a
(1)
PN + a

(1.5)
SO + a

(2)
PN + a

(2)
SS

+ a
(2.5)
SO + a

(2.5)
RR , (1)

þª\�ÝL�¥, þIL«�ÚîÐm��ê,
eI©OL«Úî� (N)!;��Úî� (PN)!;
��^=ÍÜ� (SO)!^=�^=ÍÜ� (SS) 9
ÚåË�� (RR). ©z [1] Jø
'u\�Ý¥¤
k;����[L�ª, äNXe:

aN = − M

r2
n, (2)

a
(1)
PN = − M

r2

{
n

[
(1 + 3η)v2 − (4 + 2η)

M

r

− 3
2
ηṙ2

]
− (4 − 2η)ṙv

}
, (3)

a
(2)
PN = − M

r2

{
n

[3
4
(12 + 29η)

(M

r

)2

+ (3η − 4η2)v4 +
15
8

(η − 3η2)ṙ4
]

− 3
2
(3η − 4η2)v2ṙ2 − 1

2
(13η − 4η2)

M

r
v2

− (2 + 25η + 2η2)
M

r
ṙ2

]
− 1

2
ṙv

[
(15η + 4η2)v2 − (4 + 41η + 8η2)

M

r

− 3(3η + 2η2)ṙ2
]}

, (4)

a
(2.5)
RR =

8
5
η
M

2

r3

[
ṙn

(2
3

M

r
− 25ṙ2 + 18v2

)
+ v

(
15ṙ2 − 6v2 + 2

m

r

)]
, (5)

ù p, M = m1 + m2 � � N � o � þ; Ù ¦
�þëê�½� δm = m1 − m2, ν = δm/M ,
η = (1 − ν2)/4 9 µ = m1m2/M ; �N��þ
' β = m2/m1; d	, x Ú v ©O´ m1 � m2 �
�é�IÚ�é�Ý; n = x/r L«ü »¥, Ù
¥ r = |x|, ṙ = n · v. ©¥¤k�ålÚ�mÑ
^ M 5ÿþ, u´�ÝB¤���Ãþjþ. Úå
~ê G Ú1� c Ñ�� 1.

�A�5¿z�Nqk§���^=, ^C
þ Sb = χbm

2
bŜb (b = 1, 2) 5L«, Ù¥ Ŝb �Ã

þj�ü ^=¥þ, Ãþjg^ëê χb ��
3 [0, 1] �m. Ó�, ·���½

S =S1 + S2, (6)

∆ =2[S2/(1 − ν) − S1/(1 + ν)], (7)

Σ =v + ∆. (8)

u´, ^=é;�\�Ý��z�g�

a
(1.5)
SO =

1
r3

{6n[(n × v) · (2S + ν∆)]

− [v × (7S + 3ν∆)]

+ 3ṙ[n × (3S + ν∆)]}, (9)

a
(2)
SS = − 3

µr4

[
n(S1 · S2) + (n · S2)S1

+ (n · S1)S2

− 5n(n · S1)(n · S2)
]
, (10)
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a2.5
SO =

1
r3

{
n

[
S · (n × v)

(
− 30ηṙ2 + 24ηv2 − M

r
(38 + 25η)

)
+ ν∆ · (n × v)

(
− 15ηṙ2 + 12ηv2

− M

2r
(36 + 29η)

)]
+ ṙv[9S · (n × v)(−1 + η) + 3ν∆ · (n × v)(−1 + 2η)] + n × v

[
3ṙ(−1 + η)v · S

− 8M

r
ηn · S − ν

(4M

r
ηn · ∆ + 3ṙv · ∆

)]
+ ṙn × S

[
− 45

2
ηṙ2 + 21ηv2 − 5M

r
(5 + 3η)

]
+ νṙn × ∆

[
− 15ηṙ2 + 12ηv2 − M

2r
(18 + 17η)

]
+ v × S

[33
2

ηṙ2 +
3M

r
(7 + 3η) − 14ηv2

]
+ νv × ∆

[
9ηṙ2 − 7ηv2 +

9M

2r
(2 + η)

]}
. (11)

(9) Ú (10) ªUl©z [1] ¥é�, ©z [6]
Jø
 (11) ª, L« 1PN �;��� 1.5PN �;^
��ÍÜ, äk 2.5PN �°Ý.

,��¡, ü�^=Cþ�üz�§�±�¤

Ṡ1 = Π1 × S1 + Υ 2PN
1 , (12)

Ṡ2 = Π2 × S2 + Υ 2PN
2 , (13)

Ù¥,

Π1 =
1
r3

[LN

2
(4 + 3β) − S2 + 3(n · S2)n

]
, (14)

Π2 =
1
r3

[LN

2

(
4 +

3
β

)
− S1 + 3(n · S1)n

]
, (15)

ª¥ LN = µ(x× v) ��uÚî;��Äþ. d	,
Πb × Sb ¥1��L«d^= - ;�ÍÜÚå�?
Ä�, äk 1PN �°Ý; 1��Ú1n�´d^= -
^=ÍÜ�Úå�, äk 1.5PN �°Ý. ù
L�
�l©z [1] ¥��. ©z [6] �Ñ
 (12) Ú (13)
ª¥�1��, =^=;�ÍÜ3^=?Ä�§¥
� 2PN ��, Υ2PN

1 Ú Υ2PN
2 . §��L��

Υ 2PN
1 =

1
2
(1 + ν)T 2PN

S − ηV 2PN
S , (16)

Υ 2PN
2 =

1
2
(1 − ν)T 2PN

S + ηV 2PN
S , (17)

Ù¥

T 2PN
S =

M

2r2
η
{

n
[
v · S

(
− 2v2 + 3ṙ2 − 6ηṙ2 + (7 − 8η)

M

r

)
− 14M

r
ṙn · S − νv · ∆η

(
3ṙ +

4M

r

)
+

M

2r
νṙn · ∆(4 − η)

]
+ v

[
n · S

(
2v2 − 4ηv2 − 3ṙ2 +

5
2
ηṙ2 + (4 − 6η)

M

r

)
+ 2ṙv · S(1 − 3η) +

1
2
νn · ∆

(
− 3ηv2 + 6ηṙ2 − (2 + 7η)

M

r

)
− 3νṙηv · ∆

]
+ ṙS

[
v2 − 2ηv2 − 3

2
ṙ2 + 3ηṙ2 − (1 − 2η)

M

r

]
+ νṙ∆[−ηv2 +

3
2
ηṙ2 − (1 − η)

M

r
]
}

, (18)

V 2PN
S =

M

r2

{
n

[
ηv · ∆

(
− 2v2 + 6ηṙ2 + (3 + 8η)

M

r

)
+

M

r
ṙn · ∆

(
2 − 45

2
η + 2η2

)
− νηv · S

(
3ṙ2 +

4M

r

)
+

2M

r
νṙn · S(4 − η)

]
+ v

[
n · ∆

(1
2
ηv2 + 2η2ṙ2 − 9

2
η2ṙ2 −

(
1 − 9

2
η − 8η2

)M

r

+ ṙηv · ∆(−1 + 6η) − 3νṙηv · S + νn · S
(
− 3

2
ηv2 + 3ηṙ2 −

(
1 +

7
2
η
)M

r

)]
+ ∆ηṙ

[
2η2v2 − 3ηṙ2 − (1 − 4η + 2η2)

M

r

]
+ νṙS

[
− ηv2 +

3
2
ηṙ2 − (1 − η)

M

r

]}
. (19)

A�5¿þã¤k�¦�Ñ´'u�I�m t

�. ùp¤�Ä��.ØÓu Kidder �. [1] 3u
$Ä�§\\ 2.5PN �;^ÍÜ� (= (1) ªm>
18�) Ú^=?Ä�§Ú\ 2PN �;^�p�^
� (= (16) ª� (17) ª). �AT�Ñ (1) ª¥XØ
¹ 2.5PN �Ë�� (=ª (1) m>1 7 �), ¤�Ä
�XÚ´�Å�. 3ù«�¹e, �ÅXÚ�3$
ÄÈ©, X^�ÚîÐmL«�oUþÚo�Äþ
È©. Q,ù
È©´^�ÚîCqÐmL«�,

Ïd, §�==3ù��Úî°Ýe�À�Åðþ,
ØU@�´î�¿Â�Åðþ. ��ÅM�î�.
%kî�¿Â�$ÄÈ©�3. ù´.�KF�.
�M�î�.�;.«O. duù��É, éuÓ
��Ôn¯K�ü«ØÓÄåÆ�§£ã�U¬
�)��ØÓ�kSÚ·bÄåÆy� [21,24]. X
J (1) ªØ�Ä 2PN �^= - ^=ÍÜ�Ú 2.5PN
�Ë��±9^=?Ä�§Ø¹ 2PN �;^�p
�^�, @o 2.5PN �;^ÍÜ�\ì.�KFÄ
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åÆ�·b§Ý [33], �§%¦M�îÄåÆE,
�±�È5, ��Ø¬Ñy·b [34].

V(XÚ3ÄåÆüz?§¥¬Ë�ÚåÅ,
e¡0�T.�KFÄåÆ¤�)�ÚåÅÅn.

3 ÚåÅ/

^=��V(XÚ�ÚåÅË�dé¡î�
Ã,Üþ hij 5(½. ÚåÅ�ü�Ä� �� h+

Ú h× ©O�

h+ =
1
2
(pipj − qiqj)hij , (20)

h× =
1
2
(piqj + pjqi)hij , (21)

ª¥ p ÷X;�²¡�/²����, q deª(
½

q = N × p, (22)

Ù¥, N �*ÿö ��þ, i, j = 1, 2, 3 ©OL
« x, y, z ��©þ�þe�Ó�I�OÏd"¦
ÚPÒ. Å/ hij ��ÚîCqÐm�

hij =
2ηM

D
[Q̃ij + P 0.5Qij + PQij + PQij

SO

+ P 1.5Qij + P 1.5Qij
SO + P 2Qij

+ P 2Qij
SO + P 2Qij

SS]TT, (23)

þIêiEL«�Úî�ê, eIEL«éÚåÅ
/�z�5, D L«*ÿöÚÚåÅ�m�å
l. ª¥��L�Xe [1]:

Q̃ij =2(vivj − M

r
ninj), (24)

P 0.5Qij =ν
{

3(N · n)
M

r

[
2n(ivj) − ṙninj

]
+ (N · v)

[M

r
ninj − 2vivj

]}
, (25)

PQij =
1
3

{
(1 − 3η)

[
(N · n)2

M

r

[(
3v2 − 15ṙ2 + 7

M

r

)
ninj + 30ṙn(ivj) − 14vivj

]
+ 4(N · n)(N · v)

× M

r
[12ṙninj − 32n(ivj)] + (N · v)2

[
6vivj − 2

M

r
ninj

]]
+

[
3(1 − 3η)v2 − 2(2 − 3η)

M

r

]
vivj

+ 4
M

r
ṙ(5 + 3η)n(ivj) +

M

r

[
3(1 − 3η)ṙ2 − (10 + 3η)v2 + 29

M

r

]
ninj

}
, (26)

PQij
SO =

2
r2

(∆ × N)(inj), (27)

P 1.5Qij =ν(1 − 2η)
{

(N · n)3
M

r

[5
4

(
3v2 − 7ṙ2 + 6

M

r

)
ṙ2ninj − 17

2
ṙvivj− 1

6

(
21v2−105ṙ2+44

M

r

)
nivj

]
+

1
4
(N · n)2(N · v)

M

r

[
58vivj +

(
45ṙ2 − 9v2 − 28

M

r

)
ninj − 108ṙn(ivj)

]
+

3
2
(N · n)(N · v)2

× M

r
[10n(ivj) − 3ṙninj ] +

1
2
(N · v)3

(M

r
ninj − 4vivj

)}
+

1
12

ν(N · n)
M

r

{
2n(ivj)

[
ṙ2(63

+ 54η) − M

r
(128 − 36η) + v2(33 − 18η)

]
+ ninj ṙ

(
ṙ2(15 − 90η) − v2(63 − 54η)

+
M

r
(242 − 24η)

)
− ṙvivj(186 + 24η)

}
+ ν(N · v)

{1
2
vivj

[M

r
(3 − 8η) − 2v2(1 − 5η)

]
− n(ivj) M

r
ṙ(7 + 4η) − ninj M

r

[3
4
(1 − 2η)ṙ2 +

1
3
(26 − 3η)

M

r
− 1

4
(7 − 2η)

]}
, (28)

P 1.5Qij
SO =

2
r2

{
ninj

[
(n × v) · (12S + 6ν∆)

]
− n(i[v × (9S + 5ν∆)]j)

+ [3ṙ(N · n) − 2(N · v)][(S + ν∆) × N ]n(inj) − v(i[n × (2S + 2ν∆)]j)

+ ṙn(i[n × (12S + 2ν∆)]j) − 2(N · n)[(S + ν∆) × N ](ivj)
}

, (29)

P 2Qij =
1
60

(1 − 5η + 5η2)
{

24(N · v)4
(
5vivj − M

r
ninj

)
+

M

r
(N · n)4

[
2
(
175

M

r
− 465ṙ2 + 93v2

)
vivj

+ 30ṙ
(
63ṙ2 − 50

M

r
− 27v2

)
n(ivj) +

(
1155

M

r
ṙ2 − 172

(M

r

)2

− 945ṙ4 − 159
M

r
v2

+ 630ṙ2v2 − 45v4
)
ninj

]
+ 24

M

r
(N · n)3(N · v)

[
87ṙvivj + 5ṙ

(
14ṙ2 − 15

M

r
− 6v2

)
ninj
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+ 16
(
5
M

r
− 10ṙ2 + 2v2

)
n(ivj)

]
+ 288

M

r
(N · n)(N · v)3[ṙninj − 4n(ivj)]

+ 24
M

r
(N · n)2(N · v)2

[(
35

M

r
− 45ṙ2 + 9v2

)
ninj − 76vivj + 126ṙn(ivj)

]}
+

1
15

(N · v)2
{[

5(25 − 78η + 12η2)
M

r
− (18 − 65η + 45η2)v2 + 9(1 − 5η + 5η2)ṙ2

]M

r
ninj

+ 3
[
5(1 − 9η + 21η2)v2 − 2(4 − 25η + 45η2)

M

r

]
vivj + 18(6 − 15η − 10η2)

M

r
ṙn(ivj)

}
+

1
15

(N · n)(N · v)
M

r

{[
3(36 − 145η + 150η2)v2 − 5(127 − 392η + 36η2)

M

r

− 15(2 − 15η + 30η2)ṙ2
]
ṙninj + (98 − 295η + 30η2)ṙvivj + 2

[
5(66 − 221η + 96η2)

M

r

− 9(18 − 45η + 40η2)ṙ2 − (66 − 265η + 360η2)v2
]
n(ivj)

}
+

1
60

(
N · n

)2 M

r

×
{[

3(33 − 130η + 150η2)v4 + 150(1 − 10η + 30η2)ṙ4 + 15(181 − 572η + 84η2)
M

r
ṙ2

− (131 − 770η + 930η2)
M

r
v2 − 60(9 − 40η + 60η2)v2ṙ2 − 8(131 − 390η + 30η2)

×
(M

r

)2]
(N · n) + 4

[
(12 + 5η − 315η2)v2 − 9(39 − 115η − 35η2)ṙ2 + 5(29 − 104η

+ 84η2)
M

r

]
vivj + 4

[
15(18 − 40η − 75η2)ṙ2 − 5(197 − 640η + 180η2)

M

r

+ 3(21 − 130η + 375η2)v2
]
ṙn(ivj)

}
+

1
60

{[
(467 + 780η − 120η2)

M

r
v2

− 15(61 − 96η + 48η2)
M

r
ṙ2 − (144 − 265η − 135η2)v4 + 6(24 − 95η + 75η2)v2ṙ2

− 2(642 + 545η)
(M

r

)2

− 45(1 − 5η + 5η2)ṙ4
]M

r
ninj +

[
4(69 + 10η − 135η2)

M

r
v2

− 12(3 + 60η + 25η2)
M

r
ṙ2 + 45(1 − 7η + 13η2)v4 − 10(56 + 165η − 12η2)

(M

r

)2]
vivj

+ 4
[
2(36 − 5η − 75η2)v2 − 6(7 − 15η − 15η2)ṙ2 + 5(35 + 45η + 36η2)

M

r

]M

r
ṙn(ivj)

}
, (30)

P 2Qij
SS = − 6

µr3

{
ninj [(S1 · S2) − 5(n · S1)(n · S2)] + 2n(iS

j)

1 (n · S2) + 2n(iS
j)

2 (n · S1)
}

. (31)

(24) ª¥ Q̃ij ´IO�o4Ý�. d	, �^�é
¡�Î

y(izj) =
1
2
(yizj + yjzi). (32)

�©À� p = (1, 0, 0), N = (0, sinπ/4, cosπ/4),
Ïd�â (22) ª�¦�

q = N × p = (0,− cos
π

4
, sin
π

4
). (33)

yòþª9 p Ú N ��©O�\ (20) Ú (21) ª
¿�n��

h+ =
1
2
(hxx + hyz) − 1

4
(hyy + hzz), (34)

h× =
√

2
2

(hxz − hxy). (35)

��, ÚåÅ� h+ Ú h× ü�d*ÿöÚXÚo
4Ý9k'�ÚîÐm(½, Ù¥o4ÝåÌ��

^. duo4Ý9k'�Úî�dXÚ�G�þ5
�½, ÏdXÚ�ÄåÆ5�ò¬3ÚåÅ/��
Ny. e¡�â;�a.ê��[�
ÚåÅ/.

4 ÚåÅ/�ê��[

k�Ä (1) ªvkÚåË����Å.�K
FXÚ¥�kSÚ·b;��ÚåÅ/A�, 2*
	 (1) ª3kÚåË���^e��/.

4.1 ØØØ¹¹¹ËËË���������ÚÚÚåååÅÅÅ///

æ^ Runge-Kutta-Fehlberg 8(9) �CÚ��{
é$Ä�§ (1) �^=?Ä�§ (12) Ú (13) ?1
ê�È©, ù�È©ìU
�ê�)Jø�p°Ý.

À��þ' β = 1.4/10 � χ1 = χ2 = 1. Ð©

160401-5
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^�� (x,v) = (26M, 0, 0, 0, 17, 0), ü�Ð©^=
�� θ1 = θ2 = π/2. ã 1(a) ´ (1) ªØ¹ÚåË�
���ÅXÚ3 x-y ²¡ÝK;��/. TãØL
²;��uk.«�Sq�ØU�N;�ÄåÆ

A�. ,, ã 1(b) �¯� Lyapunov �I (FLI) Ò
�©�ß/�«
;��kS5. ù��I��m
O��ú, ��È©�m τ = 105M � FLI ��Ø
�L 6.0, áu;.�kS;�A5.

ã 1 Ð©^�� (x, v) = (26M, 0, 0, 0, 17, 0) �ü�Ð©^=�� θ1 = θ2 = π/2 ��ÅkSV(XÚ (a) x-y ²
¡ÝK;�; (b) FLI; (c) D · h+ Å/; (d) D · h+ Å/�õÇÌ

AO��Ñ�´, FLI �O�´5u2Â�
éØµee����IÀJÃ'=�C�ü�C
;��{, §´32Â�C�ü�C;�� Lya-
punov �ê [35] Ú Froeschle � [36] �¯� Lyapunov
�I�Ä:þuÐ�E�. ¦+ê�È©´3�
I��mCþ��é�IXS?1, �´, �N¥
��N�ÄåÆ´3Ï~��%�IXS*ÿ�,
�Ò`*ÿö´3�%�IX��:5*ÿTN
´Ä·b, ¢�Ò´*ÿö*ÿTN� FLI �C
z. ù«�{I����%�IXe� b N� 
� yb Ú�Ý vb. �é�I y = y1 − y2 Ú�é�

Ý v = dx/dt = v1 − v2 ��%XezN��I�
m'X [6] �

y1 =
1
2

[
1 − ν + ην

(
v2 − M

r

)]
x +

η

M
Σ, (36)

y2 =
1
2

[
1 + ν − ην

(
v2 − M

r

)]
x +

η

M
Σ, (37)

ª¥, y1 Ú y2 ©Oé�I�m t ¦�Ò�±��
�%XezN��Ý v1 Ú v2. d	, m1 3�%�
IXe��ÚîÝ5 gαβ �3©z [6] ¥é�. u
´ m1 �o�Ý U Ò�(½. 3ù�cJe, éN

160401-6
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´��*ÿö�N m1 ��kål [35]

∆L =
√

Hαβ∆yα
1 ∆yβ

1 , (38)

ª¥ Hαβ = gαβ +gαλgγβUλUγ (F1�Il 0 �
� 3, �gL« t, x, y Ú z o©þ; þe�Ó�I�
OÏd"¦ÚPÒ) ´�mÝK�Î, ∆yα

1 L«*
ÿöÚ m1 �é*ÿö� �¥þ. Ó�, ÏLê
�O��±¦Ñ m1 ��k� τ . |^�kålÚ
�k�, ��m¥����IÀJÃ'� FLI ½
Â�

FLI(τ) = lg
∆L(τ)
∆L(0)

, (39)

ª¥ ∆L(0) ´Ð©����kål, Ù�[O�
��©z [37]. w,, ù«�{¤(½� FLI Ø�
6u���I�À�. XJ FLI ��m�éê¥
�êªO�, Kk.;�AT´[±Ï�kS;
�; XJ FLI ��m�éê��êªO�, Kk.
;�AT´·b�. ùÒ¿�X FLI ��mCz
�¯úU
��«©kSÚ·b�IO. 3«©^
=��V(XÚ�kSÚ·b�, ù« FLI �{®
�©z [23] y²'ü�C;�� Lyapunov �ê�
(¯Úk�, ¿®²3�
©z¥��éÐ�A

^ [38,39]. �uÙ¦·b£O�{, X Melnikov �
{ [40] Ú 0-1 �I{ [41] �´Ä·ÜïÄ^=��
V(·b¯K�k�uÿ.

e¡5�	V(XÚË�ÚåÅ�ü« �
� h+ Ú h×. ã 1(c) ´ D · h+ Å/ (D · h× Å/
�Ù�q, �Ø2xÑ), TÅ/¥y[±ÏCz.
ã 1(d) �Ñ
dÅ/�lÑÌ�õÇÌ (õÇÌ´
ò&Ò?1¯�Fp�C��Ñ�ªÇ©Ù), L
²ù�Å/AT´[±Ï�. ��5`, ±Ï ([±
Ï) &Ò´lÑÌ�, ·b&Ò´ëYÌ�. lÑ
½ëYÌ�ù�A:�±oÑ/«©&Ò�kS
½·b5�.

X J ; � ´ · b �, @ o Ú å Å / k � o
A�? �&?ù�¯K, æ^Ð©^� (x,v) =
(5.7M, 0, 0, 0, 0.3982, 0) Úü�Ð©^=�� θ1 =
1.25 Ú θ2 = 1.85 5UY?1ê�¢�. ã 2(a)
� x-y ²¡ÝK;��ã 1(a) ��,ØÓ, wå5
'�,Ï; ã 2(b) ���méê�êªO� FLI �
«T;�(¢·b; ã 2(c) � D · h+ Å/¥yÃ5
K5; ã 2(d) �ëYõÇÌ?�ÚL²dÅ/�·
b5.

o�, ã 1 Úã 2 L²kS;��ÚåÅ/¥

� � � � � � � � � � � � � � � �� � �� � �� � ��� �� �� � � � �	 
 � � � � � � � � � � � � � � � � � � � � ����� � � � ����
� � � � � � � � � � �  � � � � � � � � � � � � � � �� � � � �� � � � ��� � � �� � � � � � �

� � � � � � ��� �� �� � � � � � � �� �� � � � � � � �
ã 2 Ð©^�� (x, v) = (5.7M, 0, 0, 0, 0.3982, 0) �ü�Ð©^=�� θ1 = 1.25 Ú θ2 = 1.85 ��Å·bV(X
Ú (a) x-y ²¡ÝK;�; (b) FLI; (c) D · h+ Å/; (d) D · h+ Å/�õÇÌ
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[±ÏCz, ·b;��ÚåÅ/E�·b. ù
�(JAT´Ün�, Ï� hij dÄåÆG�þ�
�(½, ½= hij 7,¹k·b½kS�ÄåÆ&
E. e¡*	 (1) ª¹ÚåË���ÑÑV(XÚ
�/.

4.2 ¹¹¹ËËË���������ÚÚÚåååÅÅÅ///

� (1) ª\\ÚåË���^��, V(XÚ
C�ÑÑXÚ. E±þ¡ü^;���é�ïÄ§
�Ë��ÚåÅA�.

ã 1(a) �kS;�3�ÄË�����X
ã 3(a) ¤«� x-y ²¡ÝK;�. ã 3(a) ;�Ó+
�Naquã 1(a), ¿�Ó�Ø´wÑ;��kS
½·bÄåÆ&E. ¹kË���vkË���w
Í�É3uTÑÑXÚ²L�m 3 × 104M üz�
á��I�:Ø2Cz, L²V(�Nu)¿ÜK
��N. §Ë��ÚåÅTXÙ©/Ð«V(üz
�¿Üù�L§, ��ã 3(b). 3V(¿Üc, Úå

Å/¥y[±Ï�Ä�A:; 3V(¿Ü]m, Ú
åÅ/Ñy
�����Ì�; ��ÚåÅ/��.
V(�¤±u)¿Ü´uÚåË�¿�º�Ë
�U��;���»Ú %ÇÅÚ~����.

�ã 2(a) �·b;�\\Ë���, ã 4(a) �
;��.u)
wÍCz, =²L�� 4 ���
V(Ñy¿Üy�. duV(üz�m�á, ¼�
�;�&Eþ��, �Ã{�ä;�ÄåÆA�.
ã 4(b) �ÚåÅ/�<y
ù�(J, ½=V(¿
Üc, ÚåÅ�A�Ø�ß; 3V(¿Ü]m, Úå
Å/E,Ñy
�����Ì�; ��ÚåÅ/�
�.

ã 3 Úã 4 L²3�ÄÚåË��^��, �
�Å·bV(XÚ'��ÅkSV(XÚò�¯
/��¿ÜL§. XJV(¿Ü�m��, ÚåÅ
/�A�N´«©. XJV(¿Ü�m�á, ¼�
�ÄåÆ&E��, ÚåÅ/�A�Ã{©E. é
u¿Ü�m�á�ÑÑXÚ�kSÚ·bÄåÆ
A�XÛ«©´8cISþÿ�)û�JK.

ã 3 ã 1 ^�e3\\ÚåË��^���ÅkSV
(XÚ�ÝK;�Ú D · h+ Å/ (a) y-z ²¡ÝK;
�; (b)D · h+ Å/

-30 -20 -10 0 10

-5

0

5

10

(a)

z

y

0 400 800 1200
-0.75

-0.50

-0.25

0

0.25

0.50

0.75

(b)

t

D
Sh
⇁

ã 4 ã 2 ^�e3\\ÚåË��^���ÅkSV
(XÚ�ÝK;�Ú D · h+ Å/ (a) y-z ²¡ÝK;
�; (b) D · h+ Å/
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5 ( Ø

�ÚîÐm� 2.5 ��^=��V(XÚ´�
~E,�2Â�éØ�N¯K. ^=é;�\�Ý
��z�¹ 1.5 �Ú 2.5 �;^ÍÜ�^cü�±
9 2 �^=�^=ÍÜ�, ¿�^=?Ä�§�Ä
� 2PN �. ù
p�^=�J��Or
XÚ��
�5�A, l����E,�ÄåÆ(�. �©
&?
V(XÚË��ÚåÅA�, ïÄ
ÚåÅ
�;�ÄåÆ�'X.

�\�Ý�§Ø�Ä 2.5 �Ë���, kSV
(XÚË��ÚåÅäk±Ï½[±Ï�A�; ·
bV(XÚË��ÚåÅäk·b�A�. �\�
Ý�§\\ 2.5 �Ë���, ÏÚåË�º�Uþ
¦;���»Ú %ÇÅÚ~��ª��V(
¿Ü. ��ÅkSV(XÚ3Ë���3�I��
�mâU�¤¿ÜL§. ÚåÅ/3V(¿ÜcE

�3[±Ï�Ä�A:, �3V(¿Ü]m%Ñy
�����Ì�, ��ÚåÅ/á���. ,, �
�Å·bV(XÚ�Ë���3��I�á�m
ÒUu)¿Ü, �ÏV(¿Ü�m�á, Ã{¼�
v
�ÄåÆ&E¦�ÚåÅ/�A�J±«©.

¦+©z [42] ®y¢�þ���Ø^=�V
çÉXÚ�ÚîCqÚåÅ/���l Einstein
|�§ (=î��2Â�éØ) ¤�ÚåÅ/�
�3VçÉ¿Üc 14 �SA��±��, �´V
(XÚÄåÆ3V(¿Ü����ã�Ðæ^î
��2Â�éØ?n, Ï�ù«�ÚîCq°Ý
� (1/r)2.5 �, ��V(ål r é���ÚîCq
ÄåÆ�î��2Â�éØÄåÆ��¬�3�
��É. Ïd, Ë���3�ÑÑXÚ·b��{,
±9'�?¿�þ'�^=��V(�ÚîCq
ÚåÅ/�î��2Â�éØ¤�ÚåÅ/�'
�´8�ïÄ��K.
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Abstract

Some characterizations of gravitational waves emitted from the 2.5 post-Newtonian order Lagrangian dynamics of spinning

compact binaries including the next-order spin-orbit contribution and the radiative reaction are detailed. The relationship between the

regular and chaotic dynamics and the gravitational waveforms is also described. When the radiative reaction term does not appear in

the equations of motion, the gravitational waves are periodic/quasi-periodic for an order conservative binary system, but they seem to

be typically irregular for a chaotic one. On the other hand, the binary systems become dissipative and should coalesce if the radiative

reaction term is added to the equations of motion. In the dissipative case, the original ordered conservative system can still give regular

gravitational waveforms in such a long time before the occurrence of the merging orbits. However, the coalescence time of the binary

system corresponding to its original chaotic conservative system is too short to obtain enough information about the characterization of

the gravitational waveforms.
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