
���������	��
��	������������������������������������! #"%$!&�'!��()�+*-,	.0/2143�5768.0/21�9:.<;>=�?A@	1

B-CEDGFIH�J	K J

LM� �N�����!���4��&�O!P��RQS�N� TU"V�M�W��'�XY(S��Z[�!��P
\^]`_badcfe-6g1�]bh�i	j�kl]7m[]InYe

o2p0o	o0q2o[r[s)t�uSv0w0xyr�z�{�|�vIt�}0~��gv0{�v0�	��r��-�	r-��~��E�0� ���[�E�Y�	�b���b���Y�0�-���	�E�I� ��| ���	�
�y��� m�5��+e[_Ie���� ��� e���e�  ��� e �^¡	� e-6g1�¢41 £�1�kl� � ��  � 5I¤0]

o2p0o	o2¥Io�r-s)t�uSv0w0xyr�¦4�2§�¨b{�©2v0w0ª	{��[«�r�¥0¬�r-��~��E�0� ���[��� ��	� � ®��Y�	�b���4�E�0� ��| ��¯

°²±W³µ´·¶¹¸»º�±W¼W¼»°�´½¼�º�±W¾l³¹¿W¼W¼ÁÀ%ÂV°¹ÃUÄ�°¹ÃU¾½¼ÅÂ#³¹À%Â#³µÃU³
ÆÈÇ ³�Éf³EÊ�ºË¾·´·º^ÌÅ¾·ºgÂ»ÃÍ¼ Ç�Î º�±WÏ�ÐÅÑÒ¼ Î ¼#ÃUÏ Î ³µÃ�ÃU³ Î ¼

ÓdÔ-Õ2Ö`×bØ-Ù7Ú�Ù+ÛYÕ2Ù�ÜlÛYÙ�ØyÝSÔ-Ù7Õ2Ù7Ú�Ù�Þ2Þ2ß+Ú�àáÚ!âbÝ7Ý7â`Ú�àáÔ2Ö`Ø	ã	ä2Ù�Þ2ßåÞ-ÖbæYßSÙ+ã	Õ-â�æ`Þ-Ù�Þ2à-ç4æ
Ö`Ý7è	ãbØ2à-Õ	ã	éRê)à2Ü4ë�Ø-Ù7Ú�Ù�Þ-Û`â�Ü4ì4â�Þ[â�Ø-Öbí�âbÜlæYÛYÖ`Õ2ÖbîyÝ�à-Ý7ÛYÙ7Ú�ß¹ë�Ø2Ù7Ú�Ù�Þ-ÛYÖbæ�ïðã0â�Þ-è	âbÕ2Ù`ñ
Ó�Ö`ò7Ú�ã	ê4âbéóê4â`çyôRã0Þ-è	õ2à-ç�æ)Ú�Ö�ö2à[ôRà2õ2à-Õ2ÖbæIâ�Þ2Þ2ßSÜlÖ`Ý7è	ã�Ø2à-Õ	ã	éóê)à2Ü)Ô-Ù7Õ2Ù7Ú�Ù�Þ2Þ2ßSÜ
æ`ßSä2à-Ý�Ø-Ù�Þ[â�Ý÷Ô-Ö`Ú�Ö`ê)øYéùÝ�à-Ý7ÛYÙ7Ú�ß<â�Þ[â�Ø2à-Û`à2ä-Ù7Ý7è	à2ÜEæ`ßSä2à-Ý�Ø-Ù�Þ2à2îµú�û�üAý2þ7ÿáû�ü�� ��û0ñ
��âgÖ`Ý�Þ-ÖbæYÙ÷æ`ßSæYÙ�ö-Ù�Þ2Þ-ÖbîUæYÖ`ò7Ú�ã	ê4âbéóê�Ù�îµôRã0Þ-è	õ2à2à·æ`Ô-Ù7Õ	æ`ß+Ù÷Ô-ÖbØ2ã0ä-Ù�Þ2ßVë�æYÖbØ-é��
õ2à-ÖbÞ2Þ2ß+Ù^ã	Õ-â�æ`Þ-Ù�Þ2à2çåÕ-âbÝ7Ý7Ú!âbÛYÕ	à2æIâbÙ7Ú�Öbî�ò�â�ö[â7ä2àµì�è0â�Þ-ÖbÞ2à2ä-Ù7Ý7è	à-ÙgÞ-Ù�â�æYÛYÖbÞ-Ö`Ú��
Þ2ß+Ùáã	Õ-â�æ`Þ-Ù�Þ2à-çUæYÙ7è0Öbæ`ßSÜ�æYÖ`ò7Ú�ã	ê�Ù�Þ2à2î�ñ�ïðã2ÛYÙ�Ú ä2à-Ý�Ø-Ù�Þ2Þ-Öbí�Ö½â�Þ[â�Ø2à-ò�â�ã	Õ-â�æ`Þ-Ù��
Þ2à2î%æYÙ7è0Öbæ`ßSÜ%æYÖ`ò7Ú�ã	ê�Ù�Þ2à2î�ãIÝ7Û`â�Þ-Öbæ`Ø-Ù�Þ-Ö	��ä-ÛYÖdà-ò�� ò�âUà-ò7Ú�Ù�Þ-Ù�Þ2à-ç¹Ú!âbÝ7Ý·æµÕ-âbò��
Ø2à2ä2Þ2ßSÜ÷ÛYÙ7Ú�Ô[â�ÜlÞ-Ù�à-ò7Ú�Ù�Þ2Þ-Ö`Ý7Û`ø)Ô2Ø-Ö`Ý7è0Ö`Ý7Û`à�
�â�Ô2Ø[âbÝ�â)Þ[âbÕ	ã	�4âbÙ7ÛYÝAç�IæYÖ`Ý ÜIÖ�ö-ç	ê)à2î
ã	ò7Ù�Ø���ÛYÙ�Ø[âðÝRÚ!âbÝ7Ý7Öbî��

µ1

Þ-Ù+Ý7Öbæ`Ô[â�ö[âbÙ7Û4Ý+Þ	à-ÝAÜIÖ�ö-ç	ê)à-Ú½ã	ò�Ø-Ö`Ú���ÛYÙ�Ø[â)Ý+Ú!âbÝ7Ý7Öbî��
µ2.�ðØ-éRä-Ù�æ`ß+Ù Ý�Ø-ÖbæIâ������������	����� �!"�# %$'&)(* +� %,- /.'.'01 2,3��454�06&87� /9;:�7�01 <7�:5��=
,?>A@# /.'B�C'&D(�$E:�4�9;:�4��GFIH-��(�$E��4J��&D4�BE4��# %,3�K��.E�L$'B'�GB'�' �4�9AB�!M7�06��BE4N$* /.'B'O
P�Q�RTS'U/V#Q�RXWZY�Q;[

\8]_^1`ba-`6c�d?`
eKf6g�h	i6j*k�lnmpo�f6qErqEosi1h'k6gArk�lnm"tposi1h'k6gAr*k�lnm"u;fvh'w*t�r*t�f�xby{z|tsmp}At6}Arg;~-h	m

kvh�};gAu�q;�6k��s�|k�t����vgAk�j�q*}Ak6qEw*k�l�~?t��6t6};}At�ovh'r*t�w*k�l�~3t���h'��rqEfvhE~?t�}A��t�rEh'y{r}��
�
© � ñ �½ñ*��âbÙ7Ú�Ù7Õ2ÖbæIâ	��½ñ �-�gñ��gà2Þ2í�Ø2à-×YâbÙ�æ'�*�����L�0ñ�)þ��������/�	�5�ERTS;��U�U�=%������ �¡E�J�A�5¢ U/VG&b£�Q��/WZQA�5¢ U�V#Q�¤�¤5U/¤�&s¤5UJY�¥	¢ Q��1¡'U/�/RX¥��5��Q�RZWZ��¦'¤�&b§bQ/¡*¢ QAY/Uv¡*¢ Q�¦U/&sRTS'U

¤� �¤�R%U/Vp�J¨3Q�¦*Q�¢  �RXWZY�Q�¢sY�Q�¢ Y�¥	¢ Q�RXWZ��¦'¤�P�Q�RTS'U/V#Q�RXWZY�Q
�����L�áú�û�üAý2þ7ÿáû�ü�� �5��©�ª'«	¬�þ5��ü�1® û��J�J� ¯E��û�ü�� ��°���±���²��A±



³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹*¹	º

o�f�tsi6t�w*kvh'�2»;wq'i6y{´6t��½¼vr*f6gAk�t��2�b�6f6q)¾�~-h'k�r*t���t2r*f6gAk�t6g¿h'r~3q*};�¶gAfvh¿¾8k6g;À*g;}�Á
k6q*g_rg�ivq�·�Â¶h'o�f�t6~3gAfÃ¼6»;��Ä�qEr*t��6g;}A�bqgÅo6q*}Ar*xbovh'rg�i6j*k6q'Á/w*fvh'z¿h'rgAi6j*k6q*gÅ�6w*t�Æ�gAk�t6g
osi1h'k6gAr*lÇengAk6gAfvh8o�l#r*h'y{r}��Èq*ÀEÉ½��}Ak�t�r*j�»;r*t6~?t<��h'��rqEfvhE~?tËÊX¹�Á�Ì	Í/· ³ �6kvh'�sq�¼�kvh
qEo�f6g��vg�ivgAk�k�lnmÎ»;r*h'ovh	m�»;wq'i6y{´�t�tÈu;fvh'w*t�r*t�f�xby{z|tsmÎ}At6}Arg;~D�6t6};}At�ovh'´�t��ÎtÈq*À'Á
~3g�kÈ~-hE};}¿~3qEu;xbr�ÀEl#r*j¸wg��vxbz�tv~?tÈ��h'��rqEfvhE~?t��6t�kvhE~?t��6g;}A�sqE�È»;wq'i6y{´�t�tËÊ ÏEÁ�Ð	Í
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uAf1h'w*t�rEh'´�t6qEk�kvhE�Ë}Atsi1h��bqErqEf6qEu�qÈkvh2w*k6gA�|k6gA�Ëq*À'i1hE}Ar*tÒ~3q;�vg�i6t6f�xgAr}���u;fvh'w*tsÁ
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k6g�};qEw*ovh	�1h'y{r�}�i6t�k�t6gA�ÒxbÄAivqEw
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f6g�h'��r*t�w*k�l�g�}Atsi6l¶¼�Ä	h'�sqEk�lØt�Ä�~3gAk6gAk�t��2~-hE};}Åt�Ä;wg;}Ar*k�lØt�Ä	h	�1h'k�l�
� 
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m0, m1

o6gAf�w*lnmÖ�6w*x�m)rg�i�t�Ä�~3gAk��sy{r}��8w|q��6t�kvh'�bqEwq*~�rg;~?o6g*¼sh¶rg;~?o
t�Ä�~3gAk6gAk�t���~-hE};}Al

m2

r*f6gAr*jgAu�q)rg�i1h¿qEr�i6t��vhEgAr}��2qEr¿k�tsm��

m0 = m0(t), m1 = m1(t), m2 = m2(t),
ṁ0

m0

=
ṁ1

m1

,
ṁ1

m1

6= ṁ2

m2

; � ¹�


Ì�
¶��t6}�ivgAk�k�l�g�Ä;kvh��6gAk�t���~-hE};}�rg�i�w�m�q��vgÖ»;wq'i6y{´�t�tËq*}Ar*h'y{r}���}Afvh'w*k�t6~?lÕ~?t
~3gAÆ��6x¸};q*À*qE���
Ï�
Þ»Aivg;~3gAk�r*láqEf6ÀEt�r

ei, ii
�vq*}ArEh'rqE��k6qÖ~-h	i6l�g

(i = 1, 2).�Å};}�ivg��6xgAr}����6t�kvhE~?t��6g;}A�shE�¸»;wq'i6y{´�t���r*h'�bqE��u;fvh'w*t�r*t�f�xby{z�gA�2}At6}Arg;~?lØ}
o6gAf6g;~3gAk�k�l�~?t�~-hE};}�hE~?tÃ·

ò�ûXò���÷½ö½`���÷½ö½d�ú�`võ�øÃ÷�ý"þ�ô�õ1ö6÷�c�ô?^1ø�÷pùE÷½a?÷Ãú�d
Ñ_f�t¿x�}�ivqEw*t��bm�¹�Á�ÏÅwÅoÃ· � ·X¹nxbfvh'w*k6gAk�t����6w*t�Æ|gAk�t��¿rg�i)w¶}At6}Arg;~3g#�bq*qEf��6t�kvh'r

�{�bq*ÀEt � f�tv}E·�¹�
Þt6~3gAy{r)�si1hE};}At��6g;}A��t��2w*ts��Ê ë	Á��	Í��

µ1~̈r1 = grad~r1
U, µ2~̈r2 = grad~r2

U,

q;�6kvh'�sq�¼<ÄA�vg;}Aj
µ1 = µ1(t) =

m1m0

m0 +m1

6= const, µ2 = µ2(t) =

m2(m1 +m0)

m0 +m1 +m2

6= const. � kvh'�<ñ · ñ�q*À*qEÄ;kvh;�vhEgAr¿o6gAf�w*xbyÔo�f6qEt�Ä;wq;�vk�xbyÔo6q|w*f6g�Á
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³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹*¹�Ð

� ��§�����ª� %�"!$#R��§�w0¨`uSv% -ª	ª	{�&�����v0w'" 2ª	�	��|

~3g�k6tÃ·sï¶f�xbu;t6g¶q*À*qEÄAk1h;�6gAk�t���r*h'��Æ|g¶q*ÀEz�gAo�f�t�k��sr*l�gÖÊ ë'Í��

U = f

(

m0m1

r01
+
m0m2

r02
+
m1m2

r12

)

,

r201 = x2
1 + y2

1 + z2
1 = r21, r22 = x2

2 + y2
2 + z2

2 ,

r201 = (x2 + ν1x1)
2 + (y2 + ν1y1)

2 + (z2 + ν1z1)
2 ,

r202 = (x2 − ν0x1)
2 + (y2 − ν0y1)

2 + (z2 − ν0z1)
2 ,

ν1 = ν1(t) =
m1

m0 +m1

= const, ν0 = ν0(t) =
m0

m0 +m1

6= const.

�Å};}�ivg��6xg;~ËÄ	h	�1h;��x)(ÅqE�|t�w¿r*h'�bqE�2o6q*}ArEh'k6qEw*�sg*¼6t6}Ao6q'i6j*Ä;x*��rg;qEf�t�yÛwqEÄ�~?x�Á
z|gAk�t6��kvh¸Àh'Ä�g�h'o6gAf�t6q;�6t��6g;}A�sqEu�q2�6w*t�Æ�g�k6t��<o6q���w�h'Ä;t��sqEk�t��6g;}A�sq*~?x�};gA�6gAk�t�y
Ê ë'Í/·

*+��`�ö½ô1a,�Iÿ6`.-Î`6c�d�ý"dËö½ÿ0/sa-c�ô�õ�ö½d
*½ûN\21�`6ô�ÿ6d�ýp^1ô�ù3�4/�5Î`6c�d�6
ïÅi6�¶t6};}�ivg��vqEw�h'k�t���Ä	h	�1h���t�t6}Ao6q'i6j*Ä;x�g;~�~3gArq;�6l���h'k6qEk�t��6g;}A�bqE��rg;qEf�t�t|wqEÄAÁ

~?xbz|gAk�t6�Ã·1Ñ_f�tÎ»;rq*~pt6}Ao6q'i6j*Ä;xby{r}��Ît�ks�6t�w*ts�6x�h	i6j*k6q¸o6q;�vq*ÀEfvh'k�k�l�g¿t6}Lmbq;�6k�l�g
k6g;}�r*h'´�t6qEkvh'f�k6l�g-�6w*t�Æ�gAk�t��ÖÊ º�Í/· ³ k�t|qEo�t6}Al#w�h'y{r{};q*qEr*wgAr}Ar*w*xby{z|t6gnh'o6gAf�t6q��6tsÁ
�6g;}��6t6g��6w*t�Æ�gAk�t��8o6q¶��w�h'Ä;t��sqEk�t��6g;}A�sq*~3x8};gA�6gAk�t�y�·�àÞr*t8k6gAwqEÄ�~?xbz�gAk�k�l�g{�6w*tsÁ
Æ|gAk�t���qEo�t6}Al#w�h'y{r}���k6gAÄ	hE~?��k�xbr*l�~?tË��f�t�w*l�~?t�w*rqEfvqEu;qÎo6qEfb�b�6�shs¼?��rq�};q*qErEÁ
wg�r}Ar*w*x�gAr¶o�f�t�f6q��vg#k6g;}ArEh'´�t6qEkvh'f�k6lnm¿Ä	h	�1h��¿u;fvh'w*t�r*t�f�xby{z|tsm)}At6}Arg;~#·Ñ_f6q*À'ivg�Á
~-h¿Ä	h'�si6y{�vhEgAr}���w)w*l#f1h'Æ|gAk�t�tÎwqEÄ�~?xbz¿h'y{z�gA���Åxbk���´�t�t2�6gAf6gAÄ�qEf6ÀEt�rEh	i6j*k�l�g
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¹ � Ý í�· î�·�îÎhEg;~3gAf6qEw�hs¼vî�· ï¶Æ�·-î2t�k�u�i6t6ÀhEgAw

»Aivg;~3gAk�r*l¶·��_ÄAÁ�Ä	h¸»;rqEu�q�o�f�tsmbq;�6t6r}��<t6~3gAr*j2�vg�ivq�¼Ãw2q*ÀEz�g;~Ô}�i6xb�vhEg*¼�})��g;}Ar*tsÁ
~3gAf�k�l�~?t�À*g;}A�bqEk6gA��k�l�~3t�fb�b�1hE~?tÃ·?àÞr*h¸r*f�x	�6k6q*}Ar*j�w�kvhE}Arq	�sz�gA��fvhEÀ*qErgÖo�f6g�Á
q;�vq'ivgAw�hEgAr}��)o�f�t)o6q*~3qEz|tÖ}At6}Arg;~?lph'kvh	i6t�r*t��6g;}A��tsm)w*l#��t6}�ivgAk�t��2ãÎä*å%æ�ç�è)ä*åNéJê�ä
}nrqE��k6q*}Ar*j*yp�vqÅw*rqEf6qE�8}ArgAo6gAk�tÖ~-h	ivlnm¿wg�i6t���t�k

ei, ii
·enqEÄ;~?xbz¿h'y{z¿h'�)�Åxbk��sÁ

´�t���w*l#��t6}�i6��gAr}���kvh|�sq*~?o�j*y{rgAf6gÅw8h'kvh	i6t�r*t��6g;}A�sq*~Ò}At6~?wq'i6j*k6q*~Ëw*ts�vg*·
*½ûXò$7¿ÿ�÷�^1c�`6c�d�ý�^1`6øÃô�^1ô�8bô�^1ô�ù3�4/�5Î`6c�c�ô98�ôÈa-^1d;:Ë`6c�d�ý�^�÷�cÃ÷��-ô�8'÷�<

^vö½ô�ÿ6ô�6põ�d�õ1ö½`����>=0�-`��{`6c�ö½ô�^�ó?/�÷�c�øÃ÷�ÿ6`
(¶h'�¶tÅw��si1hE};}At��6g;}A�sq*~2}�i6xb�vhEg*¼;w�kvh'��gA�¶Ä	h	�1h;�6g-o�f6g��6o6qE��r*t�rg�i6j*k6l�h'kvh	ivqEu;t

w*rqEf6qE��}At6}Arg;~?lÔ»Aivg;~3gAk�rqEw�Ñ{xbh'k���h'f6g)Ê º	Í/¼ÃÊX¹�Ý	Í/¼��sqErqEf�l�g�~3qEu;xbr)o�f�t6~3gAk��sr*j}��
rq'i6j*�bq¿��i6�¸qEo�t6}�h'k�t��¸�6w*t�Æ|gAk�t��2��w�h'Ä;t�»Ai�i6t�o�r*t6�6g;}A�sqEu�qÖr*t�ovh

Λi, λi, ξi, ηi, pi, qi, i = 1, 2, � � 

o�f6g��v}ArEh'wEivgAk�k6l�g¶o6q*}Af6g��v}Ar*wq*~D�¶qEf6~?x	i

Λi=β
∗

i

√
ai, λi=ni[φ(t)−φ(τ)]+πi = li+Ωi+ωi,

ξi=

√

2β∗

i

√
ai(1−

√

1−e2i ) cosπi, ηi=−
√

2β∗

i

√
ai(1−

√

1−e2i ) sinπi,

pi=

√

2β∗

i

√

ai(1−e2i )(1−cos ii) cos Ωi, qi=−
√

2β∗

i

√

ai(1−e2i )(1−cosii)sinΩi,

� Ì�
u��vg
Ωi
¾Ö�vq'i6u�qEr*h)wq*}Lmbq;�6�sz�gAu�qÖxbÄAi1hs¼

ωi
¾�h'f�u;xs~3gAk�r8o6gAf�t�´6gAk�r*fvhs¼

ii
¾8kvh'�si1q'Á

k6gAk�t6g*¼
φi(τi)

¾2o6gAf�wq*q*ÀEfvh'Ä;k�l�g8�Åxbk���´�t�t
γ−2

i (t)
¼
ni = β∗

i /µi0a
3/2

i

¾�h'kvh	ivqEu;t
�bgAosivgAf6qEw}A�sqEu�q�}Af6g��6k6gAu�q��6w*t�Æ|gAk�t��½¼

ai
¾¿h'kvh	ivqEu;t�À*q'i6j*��qE�8o6q'i6x�q*}AtÃ¼

ei
Á3h'kvh	Á

ivqEu;t�»;�b}A´6gAk�r*f�t6}At�r�gArqEw6¼

β̃∗1 =
√

f · µ1(t0)m1(t0)m0(t0), β̃∗2 =
√

f · µ2(t0)m2(t0)[m0(t0) +m1(t0)],

γ1 = γ1(t) =
m0(t0) +m1(t0)

m0(t) +m1(t)
, γ2 = γ2(t0) =

m0(t0) +m1(t0) +m2(t0)

m0(t) +m1(t) +m2(t)
,

µ1 = µ1(t) =
m0(t)m1(t)

m0(t) +m1(t)
, µ10 = µ1(t0) =

m0(t0)m1(t0)

m0(t0) +m1(t0)
,

µ2 =µ2(t)=
m2(t)[m0(t) +m1(t)]

m0(t) +m1(t) +m2(t)
, µ20 =µ2(t0)=

m2(t0)[m0(t0) +m1(t0)]

m0(t0) +m1(t0) +m2(t0)
,

�������������������������! #"%$!&�'!��(<*-,	.0/21·3�5768.0/21ð9:.<;>=�?A@



³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹ � ¹

f
¾�u;fvh'w*t�r*h'´�t6qEk�kvh'�<o6q*}Arq	�sk�kvh'�½· â q*qEr*wgAr}Ar*wgAk�k6q2w¸k6gAf6gAÄ�qEkvh'k6}Ak6q*~á}�i6xb�vhEg

wg��sqEw*l�g¶wqEÄ�~?xbz|gAk�t6��qEo�f6g��vg�i6�sy{r}���xbfvh'w*k6gAk�t���~?t

Λ̇i = 0, ξ̇i =
∂Ri @BA�C
∂ηi

, ṗi =
∂Ri @BA�C
∂qi

,

λ̇i = −∂Ri @BA�C
∂Λi

, η̇i = −∂Ri @BA�C
∂ξi

, q̇i = −∂Ri @BA�C
∂pi

,

� Ï�


u��vg

R1 @BA�C =
1

γ2
1
(t)

· (β∗
1
)4

2µ10Λ2
1

+
1

ψ1

[

−b1
2

γ2
1
Λ4

1

(β∗
1
)4

(

1 +
3

2

ξ2
1

+ η2
1

Λ1

)

+ fF @BA�C
]

, � ë�


R2 @BA�C =
1

γ2
2
(t)

· (β∗
2
)4

2µ20Λ2
2

+
1

ψ2

[

−b2
2

γ2
2
Λ4

2

(β∗
2
)4

(

1 +
3

2

ξ2
2

+ η2
2

Λ2

)

+ fF @BA�C
]

, � ��


ψi = ψi(t) =
µi

µi0
=

µi(t)

µi(t0)
, bi = bi(t) = µi

γ̈i

γi
, i = 1, 2.

DFE ÷�ùG�-ô�:Ë`6c�d�`<^1ô�ù3�4/�52÷�HF5Î`.6JI�/�c�ø�K?d�d
íi1h'w*kvh'��o�f6q*À'ivg;~-h�Ä	h'�sivy{�vhEgAr}���w¿fvh'ÄAivq	Æ|gAk�t�t2wg�i6t���t�k�l

F @BA�C =

[

m1m2

r12

]

@BA�C � ºL

w)w*l#fvh'Æ|gAk�t��bm � ë�
�¾ � ��
�·�àGrq¿u;f6q*~3qEÄA�6��h'��t�r*f�x	�vq*g;~?��h'��Ä	h	�1h;�vhÖh	i6u�g;ÀEf�l¶·M�Å}�Áo6q'i6j*Ä;xg;~Ò}At6}Arg;~?x�h'kvh	i6t�r*t��6g;}A��tsm2w*l#��t6}�ivgAk�t���ãÎä*å%æ�ç�è)ä*åNéJê�äÎÊX¹ � Í/·vÂ¶hE~?t2w*lnÁ
wg��1g�kvq�h'kvh	i6t�r*t��6g;}A�sq*g{w*l#f1h'Æ|gAk�t6g_�¶qEf6~?x	i � ë�
�¾ � ��
3�6gAf6gAÄ{»Aivg;~3gAk�r*l � � 
3w|w*tsÁ�vgnfb�b�1hs· â mbg;~-h_fvh'ÄAivq�Æ�gAk�t��)t6~3g;g�r��si1hE};}At��6g;}A��xby"}Ar*f�xb��r*xbf�x¸ÊX¹�Ý	Í/·bà-ivg;~3gAk�r*l
ξ1, η1

t6~3gAy{r�wg�i6t���t�k�x�o6qEfb�b�6�sh8q*}A��x	i6t�f�xby{z�gAu�qÖ»;�s}A´6gAk�r*f�t6}At�rgAr*h � ��i6��~-h	Ái6lnm2»;�s}A´6gAk�r*f�t6}At�rgAr�qEw�
�¼�hÖo6gAf6g;~3gAk�k�l�g
ξ2, η2

¾¸wg�i6t���t�k�x�o6qEfb�b�6�sh8kvh'�sivqEkvh
q*}��6x�ivt�f�xby{z�gA��qEf6ÀEt6r*l � ��i6��~-h	i6lnm¶kvh'�sivqEk6qEw�
�¼	o6qE»;rq*~?x¶w*rqEfvh'��}At6}Arg;~-h�»Aivg�Á~3g�k6rqEw�Ñ_x�h'k���h'f6g#x	�vq*ÀEkvh{��i6�¿o6q'i6xb�6gAk�t��¿�sw*k6qEu�qÅfvh'ÄAivq�Æ�gAk�t��)wqEÄ�~?xbz¿h'y{z�gA�
�Åxbk���´�t�t�wÈÄ	h	�1h��vh	mËhE}Ar*f6qEk6q*~?t�tÃ·ÞeGl#fvh'Æ�gAk�t6g¸wqEÄ�~?xbz¿h'y{z�gA�Ë�Åxbk���´�t�t � ºL
�6gAf6gAÄ{��h'k6qEk�t��6g;}A��t6g_o6gAf6g;~3gAk�k�l�g � � 
�¼s}ÕrqE��k6q*}Ar*j*yØ�vq�w*rqEf6qE��}Arg�ovg�k6t�w*�si6yÕÁ��t�rg�i6j*k6q)qEr*k6q*}At�rg�i6j*kvqÖ~-h	i6lnm¸wg�i6t���t�k

ei, ii
¼st6~3g;gAr)w*ts�

F =
534
∑

i=1

Π∗

i (t)Pi(�k) +
3
∑

j=1

Π∗∗

j (Λ1,Λ2, t), � ì�
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¹ �L� í�· î�·�îÎhEg;~3gAf6qEw�hs¼vî�· ï¶Æ�·-î2t�k�u�i6t6ÀhEgAw

u��vg
Pi(�k) = Pi(ξ1, η1, p1, q1, ξ2, η2, p2, q2)

·�eÇ�vhE}Ar*k6q*}Ar*tÃ¼��bqEu��1h2~-hE};}Al o6q'Á
}Arq��sk�k�l�g*¼�o6q'i6xb�6gAk�k�l�g�};q*qEr*k6qE��gAk�t�� � ì�
Å};qEw*ovh	�1h'y{rÎ})t�Ä;wg;}Ar*k�l�~?t��si1hE};}AtsÁ�6g;}A��t6~?t2�¶qEf6~?x	i1hE~?t�ÊX¹�Ý'Í/·

N)7¿ÿ�÷�^1c�`6c�d�ýÒa-^1d;:Ë`6c�d�ý"^O�1`6ùÿ�÷�ù3�{`6ÿ6c��<pþ�`6ÿ6`��{`6c�c��<
eDxbfvh'w*k6gAk�t��bm � � 
Go6gAf6g�m�q��6t6~���À*gAÄ;fvh'Ä�~3gAf�k6l�~Ëwg�i6t���t�kvhE~P�

Λi

Λ0i
= Λ̃i,

ξi
ξ0i

= ξ̃i,
ηi

η0i
= η̃i,

pi

p0i
= p̃i,

qi
q0i

= q̃i,

t

T0

= τ,
mi

P0

= m̃i,
ai

S0

= ãi, T01 = 2π
µ10a

3/2

01

β∗
1

, T02 = 2π
µ20a

3/2

02

β∗
2

,

� Ð�


P0 =

∑

mi0

3
= const, S0 =

∑

a0i

2
= const, T0 =

T01 + T02

2
= const. � ¹�Ý�


ï|h	ivg;gÕÄ;kvh'�<ñQsñ2q*À*qEÄ;kvh��vhEgAr�o6gAf�w*xbyØo�f6qEt�Ä;wq��6k�xbyÔo6q�w*f6g;~3gAk�t�w�À*gAÄ;fvh'Ä�~3gAfsÁ
k�lnmÎwg�i6t���t�kvh	m½·�Â¶h'o�t���g;~"xbfvh'w*k6gAk�t��Î�6w*t�Æ�gAk�t��<w�À*gAÄ;fvh'Ä�~3gAf�k�lnm<o6gAf6g;~3gAksÁ
k�lnm � Ð�
R�

Λ̃′

i =0, ξ̃′i =
T0i

ξ0iη0i

∂R̃i @BA�C
∂η̃i

, p̃ ′

i =
T0i

p0iq0i

∂R̃i @BA�C
∂q̃i

,

λ̃′i =− T0i

λ0iΛ0i

∂R̃i @BA�C
∂Λ̃i

, η̃′i =− T0i

ξ0iη0i

∂R̃i @BA�C
∂ξ̃i

, q̃ ′

i =− T0i

p0iq0i

∂R̃i @BA�C
∂p̃i

,

� ¹*¹�


�bqErqEf�l�g¶w¿fvhE}A��f�l#rq*~Ëw*ts�vgÅt6~3gAy{rÖ}�ivg��6xby{z�g;gÅo�f6g��v}ArEh'wEivgAk�t6g��
Λ̃′

1 = 0, Λ̃′

2 = 0,

λ̃′
1
=−P0T0µ̃10

64λ01Λ3
01

{

64f2P 4
0
m̃2

00
m̃2

10

γ̃2
1
Λ̃3

1

− Λ01

S0µ̃1

[

48S3
0
γ̃1

¨̃γ1ã
2
1
µ̃1(η

2
01
η̃2
1

+ ξ2
01
ξ̃2
1
)

T 2
0
Λ̃2

1

+

+fm̃1m̃2P0

(

4B̃1k̃2(p
2
01
p̃2
1
+q2

01
q̃2
1
)

Λ̃2
1

− 4Λ
1/2

01
B̃1k̃2(p01p02p̃1p̃2+q01q02q̃1q̃2)

Λ̃
3/2

1

√

Λ02Λ̃2

−

−2(12ã2
1
C̃0k̃

2
1
−12ã1̃a2̃k1(B̃0+C̃1k̃2)+ã

2
2
k̃2[−4B̃1+3k̃2(10C̃0−3C̃2)])(η

2
01
η̃2
1
+ξ2

01
ξ̃2
1
)

ã2
2
Λ̃2

1

−

−Λ
1/2

01
k̃2(6(ã

2
1
k̃3

1
+ã2

2
k̃2

2
)(C̃2−6C̃0)+ã1ã2k̃1[2(B̃2+18B̃0)k̃1+3C̃1k̃2(4+3k̃1)])

ã1ã2k̃2
1
Λ̃

3/2

1

√

Λ02Λ̃2

×

×(η01η02η̃1η̃2+ξ01ξ02ξ̃1ξ̃2)

)]}

,
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³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹ � Ì

λ̃′
2
=
P0T0µ̃10

64λ02Λ3
02

{

64f2P 4
0
(m̃00+m̃10)

2m̃2
20 γ̃2

2Λ̃3
2 −

−Λ02

S0µ̃2

[

48S3
0
γ̃2

¨̃γ2ã
2
2
µ̃2(η

2
02
η̃2
2
+ξ2

02
ξ̃2
2
)

T 2
0
Λ̃2

2

−

−fm̃1m̃2P0k̃2

(

4B̃1k̃2(p
2
02
p̃2
2
+q2

02
q̃2
2
)

Λ̃2
2

− 4Λ
1/2

02
B̃1(p01p02p̃1p̃2+q01q02q̃1q̃2)

Λ̃
3/2

2

√

Λ01Λ̃1

−

−2(12ã2
1
C̃0k̃

2
1
−12ã1ã2k̃1(B̃0+C̃1k̃2) + ã2

2
k̃2[−4B̃1+3k̃2(10C̃0−3C̃2)])

ã2
1
k̃4

1
Λ̃2

2

×

×(η2
02
η̃2
2
+ξ2

02
ξ̃2
2
)−

−Λ
1/2

01
k̃2(6(ã

2
1
k̃3

1
+ã2

2
k̃2

2
)(C̃2−6C̃0)+ã1ã2k̃1[2(B̃2+18B̃0)k̃1+3C̃1k̃2(4+3k̃1)])

ã1ã2k̃2
1
Λ̃

3/2

2

√

Λ01Λ̃1

×

×(η01η02η̃1η̃2+ξ01ξ02ξ̃1ξ̃2)

)]}

,

ξ̃′
1
=η01[η01Π1(τ)η̃1+η02Π2(τ)η̃2], η̃

′

1
=−ξ01[ξ01Π1(τ)ξ̃1+ξ02Π2(τ)ξ̃2],

ξ̃′
2
=η02[η02Π3(τ)η̃2+η01Π4(τ)η̃1], η̃

′

2
=−ξ02[ξ02Π3(τ)ξ̃2+ξ01Π4(τ)ξ̃1],

� ¹ � 


p̃ ′

1
=q01[q01Π5(τ)q̃1+q02Π6(τ)q̃2], q̃

′

1
=−p01[p01Π5(τ)p̃1+p02Π6(τ)p̃2],

p̃ ′

2
=q02[q02Π7(τ)q̃2+q01Π8(τ)q̃1], q̃

′

2
=−p02[p02Π7(τ)p̃2+p01Π8(τ)p̃1],

� ¹�Ì�

u��vg

Π1(τ)=

(

[12ã2
1
C̃0k̃

2
1
−12ã1ã2k̃1(B̃0+C̃1k̃2)+ã

2
2
k̃2(−4B̃1+3(10C̃0−3C̃2)k̃2]m̃1m̃2

ã2
2
Λ̃1µ̃1

−

− 24S3
0
ã2

1
ã2

2
µ̃1γ̃1γ̃

′′

1

ã2
2
Λ̃1µ̃1

)

fT0P
2
0
µ̃10

16ξ01η01S0Λ01

,

Π2(τ)=
6(̃a2

1
k̃3

1
+ã2

2
k̃2

2
)(C̃2−6C̃0)+ã1ã2k̃1[2(B̃2+18B̃0)k̃1+3C̃1(4+3k̃1)k̃2]

32ξ01η01S0ã1ã2k̃2
1

√

Λ01Λ02Λ̃1Λ̃2µ̃1

×

×fT0P
2
0
m̃1m̃2k̃2µ̃10,

Π3(τ)=

(

[−12ã2
2
C̃0k̃

3
2
+12ã1ã2k̃

2
1
k̃2(B̃0+C̃1k̃2)+ã

2
1
k̃4

1
(4B̃1+3(3C̃2−10C̃0)k̃2]

ã2
1
Λ̃2k̃4

1
µ̃2

×

×m̃1m̃2k̃2 +
24S3

0
ã2

1
ã2

2
µ̃2γ̃2γ̃

′′

2

ã2
2
Λ̃1µ̃1

)

fT0P
2
0
µ̃20

16ξ02η02S0Λ02

,
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Π4(τ)=
fT0P

2
0
{6(̃a2

1
k̃3

1
+ã2

2
k̃2

2
)(C̃2−6C̃0)+ã1ã2k̃1[2(B̃2+18B̃0)k̃1+3C̃1(4+3k̃1)k̃2]}

32ξ01η01S0ã1ã2k̃2
1

√

Λ01Λ02Λ̃1Λ̃2µ̃2

×

×m̃1m̃2k̃2µ̃20,

Π5(τ) = − fT0P
2
0

8p01q01Λ01S0

B̃1k̃2m̃1m̃2µ̃10

Λ̃1µ̃1

,

Π6(τ) =
fT0P

2
0

8p01q01S0

√
Λ01Λ02

B̃1k̃2m̃1m̃2µ̃10
√

Λ̃1Λ̃2µ̃1

,

Π7(τ) = − fT0P
2
0

8p02q02Λ02S0

B̃1k̃2m̃1m̃2µ̃20

Λ̃2µ̃2

,

Π8(τ) =
fT0P

2
0

8p02q02S0

√
Λ01Λ02

B̃1k̃2m̃1m̃2µ̃20
√

Λ̃1Λ̃2µ̃2

,

h|wg�i6t���t�k�l

Ã0 =
4

ã2π
F (α̃), Ã1 =

4

ã2α̃π
[F (α̃) − E(α̃)], Ã2 =

2

3

(

α̃+
1

α̃

)

Ã1 −
1

3
Ã0,

B̃0 =
(1 + α̃2)α̃

(1 − α̃2)2
Ã0 −

2α̃2

(1 − α̃2)2
Ã1, B̃1 =

2α̃2

(1 − α̃2)2
Ã0 −

(1 + α̃2)α̃

(1 − α̃2)2
Ã1,

B̃2 =
(1 + α̃2)α̃

(1 − α̃2)2
Ã0 −

2(1 + α̃2)2 − 6α̃2

(1 − α̃2)2
Ã1,

C̃0 =
(3+10α̃2+3α̃4)α̃2

(1−α̃2)2
A0−

2α̃2(1+α̃+α̃3)

(1−α̃2)2
Ã1,

C̃1 =
8α̃3(1+α̃2)

3(1−α̃2)4
Ã0 −

α̃2(1+14α̃2+α̃4)

3(1−α̃2)4
Ã1,

C̃2 =
(1 + 22α̃2 + α̃4)α̃2

3(1 − α̃2)4
Ã0 −

2α̃2(1 + 5α̃2 + 5α̃4 + α̃6)

3(1 − α̃2)4
Ã1,

¾��sqE»��¶�Åt�´�t6gAk�r*lKµ�h'osi1hE}�hDÊX¹�Ý	Í/¼
F (α̃)

¾�»Ai�i6t�o�r*t��vgA}A�6t��pt�k�rgAu;fvh	i"o6gAf�wqEu�q
f6q;�1hs¼

E(α̃)
¾)»Ai�i6t�o�r*t��6g;}A��t6�2t�k�rgAu;fvh	i�w*rqEf6qEu�q¿f6q��1h�t

α̃= α̃(τ)= α̃0 ·
m̃00 + m̃10

m̃00 + m̃10+m̃20

· m̃0(m̃0 + m̃1 + m̃2)

(m̃0 + m̃1)(m̃0 + m̃2)
, α̃0 =

ã01

ã02

= const,
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³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹ � ë

k̃1 = k̃1(τ) =
m̃0(m̃00 + m̃10)

(m̃0 + m̃1)(m̃0 + m̃2)
, k̃2 = k̃2(τ) = k̃1

m̃00 + m̃10 + m̃20

m̃0 + m̃1 + m̃2

.

×�h'��t6~Ëq*ÀEfvh'Ä�q*~#¼v~?l"�vqE�sh'Ä	h	i6t�}�ivg��6xby{z�g;g
7|ö½^�`6ÿS:�a3`6c�d?` \�ûUTV�WYX?Z\[O]G^�_G^�`0abX�cMaedfXga�hiWkjl^�WYW�^mjln

m0 o m1

n
m2 on0]YjaRp�q.r4s?n�jln.W�qJn0]GtGX�c�tGu.p.t o [)c3^�]Yh.n.`�p.v�dwXgaxjlu.^�dw[Gvyu.tRh.p�q�azX?WeqwV�WBh.t�[Gn�a

ṁ0

m0

=
ṁ1

m1

6= ṁ2

m2 {
| t�}e_G^~G[GtRh.rP�.n.tGp.p.v,a�VYc3^L[Gp�azp.n�qk�gVYc3^L[Gp�azp.n�qk[�az��t�[Gv�d�[Gtm]G�

j%V�sgazp.n.�ftGu.n.WYv,[G^�rPX?Weq�[GtGWma�jlZ�r�h.n.p�az�.p.v;jlnJp�aB^L[GX?tGp.tejlp.v;jlnJ_Gn��;�,a�cMazp.�
�.n.^mh.Z�p.v;j%nFVYc3^L[Gp�azp.n�q�jln+u�a�cM[Gt�}etgu.tec0q._G��^

{� �-`ba3õ1ö½^�d�`�\�ûS�"WBh.n�jl^�WYWYv
m0 o m1

n
m2

u.tGWYX?tYq.p.p.v,a o ^?X?^��L�ia4jl^mh.v,al[�az�h.n.`�n.p.v o X?t�}e_G^�WYn.WYXgaxjlv��x�G�Y���.�x���z�2uLcMaY[ec�^�s?^�rPX?Weqb[�n0]�[�azWYX?p.v,a�VYc3^L[Gp�azp.n�q[�az�Lt�[Gv�dw[�tY]mj%V�sgazp.n.�\_Yh�qw�Gh.^�WYWYn.`0azWY��tG�\_�[GV�dSu�h.^�p�azX?p.tG��]G^�_G^�`�nwX�cMaed�Xga�h
� ���x�

{Ó�gA��gAk�t���xbfvh'w*k6gAk�t�� � ¹ � 
�¾ � ¹�Ì�
�~3q�Æ¿k6q)o6q'i6xb��t�r*j�h'kvh	i6t�r*t��6g;}A��t6~3t�t���t6}�ÁivgAk�k�l�~?t¸~3gArq��1hE~?t¸t�}{o6q*~3qEz|j*yÔ»;r*tsmÖf6gA��gAk�t���o�fvqh'kvh	i6t�Ä;t�f6qEw�h'rj¿wg�i6t���tsÁ
k�l¶¼bmsh'fvh'��rgAf�t�Ä;xby{z|t6gÅ»;wq'i6y{´�t�yÚ}At6}Arg;~?l�

ẽ2i = (ξ20iξ̃
2
i + η2

0iη̃
2
i )/Λ0iΛ̃i, sin2 ĩi = (p2

0ip̃
2
i + q20iq̃

2
i )/Λ0iΛ̃i, � ¹AÏ�


Ω̃i = −arctg(q0iq̃i/p0ip̃i), π̃i = −arctg(η0iη̃i/ξ0iξ̃i), ω̃i = π̃i − Ω̃i. � ¹�ë�

�+��÷ÃúÃ÷��,�1c��|`b/Ãõ.�-ô�^1d�ý"ùE÷½a?÷Ãú�dJ��ô�-Îd
Ñ_x}Ar*j Ä	h'�bqEk�l t�Ä�~3gAk6gAk�t�� ~-hE};}ÙqEo�t6}Al#w�h'y{r}�� Ä	h'�sqEk6q*~ à-�6t�k�u;rqEkvh	Á

ïÅÆ¿t6k6}�h
dmi/dt = εim

ni

i .h�
P��t�Ä;t��6g;}A��t6g¶kvh��vh	i6j*k�l�g¶x}�ivqEw*t��
(MΘ

¾Ö~-hE};}�h â q'i6k�´vhs¼ ^
{
a
{
¾8hE}Ar*f6qEk6q*~?tsÁ

�6g;}���h'��g��6t�k�t�´vh�
R�

m0 =m0(t)=
m00

1 − ṁ00

m00

t
, m00=m0(t0) = 2

ã
Θ, ṁ0(t0)=−10−4,2 ã

Θ/
}etG_
, � ¹m��


m1 =m1(t)=
m10

1 − ṁ10

m10

t
, m10 =m1(t0)=2

ã
Θ, ṁ1(t0)=−10−4,2 ã

Θ/
}etG_
, � ¹	ºL
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m2 =m2(t)=
m20

√

1−2
ṁ20

m20

t

,m20 =m2(t0)=0, 7
ã

Θ, ṁ2(t0)=−10−6
ã

Θ/
}etG_
, � ¹�ì�


l01 =00, Ω01 =100, ω01 =50, π01 =Ω01+ω01 =150, i01 =36′, e01 = 0, 01,

Λ01 =β∗

1

√
a01, a01 =3

ä
{
ç
{ , β

∗

1
=
√

fµ1(t0)m10m00, µ10 =µ1(t0)=
m00m10

m10+m00

,

� ¹�Ð�

l02 =00, Ω02 =150, ω02 =100, π02 =Ω02+ω02 =250, i02 =48′, e02 =0, 02,

Λ02 =β∗

2

√
a02, a02 =12

ä
{
ç
{ , β

∗

2
=
√

fµ2(t0)m20(m00+m10),

µ20 = µ2(t0) =
m20(m00 +m10)

m00 +m10 +m20

,

� � Ý�


Λ01 = 21, 8

ä
{
ç
{
2 · ã Θ}etG_ , ξ01 = 0, 045

ä
{
ç
{ ·
ã 1/2

Θ}etG_
1/2

, η01 = −0, 012

ä
{
ç
{ ·
ã 1/2

Θ}etG_
1/2

,

p01 = 0, 065

ä
{
ç
{ ·
ã 1/2

Θ}etG_ 1/2
, q01 = −0, 011

ä
{
ç
{ ·
ã 1/2

Θ}etG_ 1/2
,

Λ02 = 28, 1

ä
{
ç
{
2 · ã Θ}etG_ , ξ02 = 0, 096

ä
{
ç
{ ·
ã 1/2

Θ}etG_
1/2

, η02 = −0, 045

ä
{
ç
{ ·
ã 1/2

Θ}etG_
1/2

,

p02 = 0, 072

ä
{
ç
{ ·
ã 1/2

Θ}etG_
1/2

, q02 = −0, 019

ä
{
ç
{ ·
ã 1/2

Θ}etG_
1/2

,

T0 = π

(

µ10a
3/2

01

β∗
1

+
µ20a

3/2

02

β∗
2

)

≈ 10, 9
}etG_
, f = 39, 43

ä
{
ç
{
3

ã
Θ · }etG_ 2 .

À3
"�ngAÄ;fvh'Ä�~3gAf�k�l�g�kvh;�vh	i6j*k�l�g¶x�}�ivqEw*t��½·
eD�sw*k6q*~�w*ts�vgÅo�f�t6~3g;~

m̃0 =
m̃00

1 − m̃′

00

m̃00

τ

, m̃1 =
m̃10

1 − m̃′

10

m̃10

τ

, m̃2 =
m̃20

√

1 − 2
m̃′

20

m̃20

τ

,

m̃00 = 1, 28, m̃10 = 1, 28, m̃20 = 0, 45,

m̃′

00 = m̃′

10 = −6, 95 · 10−4,2, m̃′

20 = −6, 95 · 10−6,
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³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹ � º

ã01 = 1, 5, ã02 = 6,

Λ̃0i = 1, ξ̃0i = η̃0i = p̃0i = q̃0i = 1, ∆τ =
1

10
,

u��vg
∆τ

¾)�¿h'u�¼�r'· g*·�o�f�t6~3gAf�k6q2¹�Ý���h'u�qEwÖqEo�f6g��vg�i6�sy{r8q;�6t�k2q*À*qEf6qErE·
��� d�õ.�-`6c�c��|`Øÿ6`.-Î`6c�d�ý dÇõ�ÿ�÷�^1c�`6c?d�ý õÔõ�ô�ô�ö½^1`6ö½õ1öÃ^./�Hb5Î`.6 ùE÷� 

a�÷Ãú�`.6põ�þ�ô�õ1ö½ô½ý3c�c9�?�{dJ��÷Ãõ�õv÷9�{d
ÑÅq'i6j*Ä;x*��}Aj_}At6}Arg;~3qE�8ãÎä*å%æ�ç�è)ä*åNéJê�ä o ~3q�Æ¿k6qÕo6q'i6xb��t�r*j_f6gA��gAk�t��Å�6t6���¶gAf6gAksÁ´�tvh	i6j*k�lnm¸xbfvh'w*k6gAk�t�� � ¹ � 
�¾ � ¹�Ì�
no�f�t�kvh;�1h	i6j*k�lnm¸x�}�ivqEw*t��bm � ¹m��
�¾ � � Ý�
�·ïÅi6�8}Afvh'w*k6gAk�t��8tÖw*l#�swEivgAk�t��8»��¶�¶gA��rqEw�t�Ä�~3gAk6gAk�t���~-hE};}ÕfvhE};};~3qEr*f�t6~�};q'Á

qEr*wg�r}Ar*w*xby{z|xbyËÄ	h	�1h;��x�}-o6q*}Arq	�sk�k�l�~?t¿~-hE};}�hE~?tÃ·EeÈ»;rq*~�}�i6xb�vhEg-w_�¶qEf6~?x	i1h	m
� ¹�
 ṁi(t) = 0, ṁi(t0) = 0,

rqEu��1h{t6~3gAy{rÅ~3g;}Arq_t�k�rgAu;fvh	i6l�osivqEz¿h	�vgA�¿t�»;k6gAfsÁ
uAt6t��

β̃∗1

√

ã01(1 − ẽ2
1
) sin i1 sin Ω1 + β̃∗2

√

ã02(1 − ẽ2
2
) sin i2 sin Ω2 = 0, � � ¹�


β̃∗1

√

ã01(1 − ẽ2
1
) sin i1 cos Ω1 + β̃∗2

√

ã02(1 − ẽ2
2
) sin i2 cos Ω2 = 0, � �L� 


β̃∗1

√

ã01(1 − ẽ2
1
) cos i1 + β̃∗2

√

ã02(1 − ẽ2
2
) cos i2 = C = const, � � Ì�


T = 1

2

[

µ10

(

ẋ2
1
+ẏ2

1
+ż2

1

)

+µ20

(

ẋ2
2
+ẏ2

2
+ż2

2

)]

,

U = f

(

m0m1

r01
+
m0m2

r02
+
m1m2

r12

)

,
� � Ï�


T − U = h0 = const. � � ë�

ï_iv�|rqEu�q�¼E��rq*ÀEl�o�f6qEwgAf�t�r*j¶kvh'�|x�rg;qEf�t�yDwÅ}�i6xb�vhEgno6q*}Arq	�sk�k6qE�Ö~-hE};}Al¶¼*~3q�Æ�Á
k6q�o�f6qEwgAf�t�r*j)};q;msfvh'k6gAk�t6g_o6q*}Arq��sk�k6qEu�q�Ä;kvh;�6gAk�t���t�k�rgAu;fvh	ivqEw¿w�m�q��vgÕ��t6}�ivgAksÁ
k6qEu�q�t�k6rg�u;f�t6f6qEw�h'k�t��½·-àÞr*t�fvhE}A�6gAr*l t6~3gAy{rÎ}�ivg��6xby{z|t6gÖqE�|t6ÀE�6t���o6gAf�w*l#��¾
Ýs¼ Ý*Ý*Ý*ë�¡8¼vw*rqEf6qE��¾�Ýs¼ Ý*Ý*Ý*ë�¡8¼6r*f6gAr*t���¾�Ýs¼ Ý*Ý*Ý*Ý � ¡ t�t�k�rgAu;fvh	i�»;k6gAf�u;t�t�¾�Ýs¼ ��¡8·
â q;msfvh'k6gAk�t6gÕÄ;kvh;�6gAk�t��8t�k�rgAu;fvh	ivqEw|osivqEz¿h	�vgA�Öt)»;k6gAf�u;t�t8o6qE�sh'Ä;l#w�hEgArE¼���rq¶w*lnÁ
fvh'Æ|gAk�t�� � ì�
Åt�xbfvh'w*k6gAk�t���wgA�sqEw*lnm<wqEÄ�~?xbz�gAk�t�� � ¹*¹�
_w�}�i6xb�vhEgÖo6q*}Arq	�sk�k6qE�~-hE}A}Al��1h'y_r_w*l�};qE��xbyÒrqE��k6q*}Ar*j6·eGl#��gnqEr~3gA�6gAk�k�l�g�qEr*�sivqEk6gAk�t��¿o6q*}Arq��sk�k�lnm
t�k�rgAu;fvh	ivqEwÖo�f�t�wg��vgAk�lÔkvh|f�t6}Axbk���h	m � Á�ës·

�������������������������� "%$!&�'!��( *-,	.0/21·3�5�6 .0/21ð9:.<;>=�?A@



¹ � ì í�· î�·�îÎhEg;~3gAf6qEw�hs¼vî�· ï¶Æ�·-î2t�k�u�i6t6ÀhEgAw

� ��§�����ª� �¥U!¢÷¨b{�©	xy£½����w0¨e¤b{�vIt�z[t�ª�¥^vY&�¨e£U©E§�t3��¦�v0¨÷z�ª2§�w0ªY«�����ª�£duSv	§b§�xy|

� ��§B�L�[ª� �¬U!�§ów0ª	{�ª�£U����w0¨e¤b{�vIt�z[t�ª�¥^vY&�¨e£U©·§�t3��¦�v0¨÷z�ª2§�w0ª`«�����ª�£duSv	§b§�xy|

� ��§�����ª� dq�!¨ó{�¨bw0��£�����w0¨e¤b{�vIt�z[t�ª�¥^vY&�¨e£U©E§�t3��¦�v0¨÷z�ª2§�w0ªY«�����ª�£duSv	§b§�xy|

�������������������������! #"%$!&�'!��(<*-,	.0/21·3�5768.0/21ð9:.<;>=�?A@



³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹ � Ð

� ��§�����ª� �p4!�©ª��w0¨e¤b{�vIt?«e��¨b{�¤b���d©E§�t3��¦�v0¨÷z�ª2§�w0ªY«�����ª�£duSv	§b§�xy|

� ��§�����ª� g¬U!%gª0t�¤bª	wIvg©	ª2§�®2ªR&�«�¥g¨e¤bª���¯�t�v
Ω̃1

rL¤x&�¨yz����� �w0��{�ª2u
ª	�	ª�¯e��vR¦�¨e��vgz�ª2§�w0ª`«�����vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£½t�������¨e£$!Ez�¨b{�¨`uM¨e����vI«�uSv	§b§bv�|

� ��§�����ª� µ�P!%gª0t�¤bª	wIvg©	ª2§�®2ªR&�«�¥g¨e¤bª���¯�t�v
Ω̃2,

¤x&�¨yz����� �w0��{�ª2u
ª	�	ª�¯e��vR¦�¨e��vgz�ª2§�w0ª`«�����vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£½t�������¨e£$!Ez�¨b{�¨`uM¨e����vI«�uSv	§b§bv�|

�������������������������� "%$!&�'!��( *-,	.0/21·3�5�6 .0/21ð9:.<;>=�?A@



¹�Ì*Ý í�· î�·�îÎhEg;~3gAf6qEw�hs¼vî�· ï¶Æ�·-î2t�k�u�i6t6ÀhEgAw

� ��§�����ª� g±U!²yvm [t�ª�����ª2§�w0}
ĩ1
r�¤x&�¨÷z����� �w0��{�ª2u#ª	�	ª�¯e��vR¦�¨e��vgz�ª2§�w0ª`«�����vI«

uSv	§b§bv�r�v�§�z[t�ª�°U��ª�£½t������[¨e£?!Ez�¨b{�¨`uM¨e����vI«duSv	§b§bv�|

� ��§�����ª� g³U!²yvm [t�ª�����ª2§�w0}
ĩ2
r�¤x&�¨÷z����� �w0��{�ª2u#ª	�	ª�¯e��vR¦�¨e��vgz�ª2§�w0ª`«�����vI«

uSv	§b§bv�r�v�§�z[t�ª�°U��ª�£½t������[¨e£?!Ez�¨b{�¨`uM¨e����vI«duSv	§b§bv�|

Â¶h�q*}Ak6qEwg<��t6}�ivgAk�k�lnmØf6gA��gAk�t��Ô}At6}Arg;~?lð�6t6�¶�¶gAf6gAk�´�tvh	i6j*k�lnmØxbfvh'w*k6g�Á
k�t�� � ¹ � 
�¾ � ¹�Ì�
)o6q��¶qEf6~?x	i1hE~ � ¹AÏ�
�¾ � ¹�ë�
Ö~3q�Æ¿k6q�o6q'i6xb��t�r*j�u;fvhE�Åt���tDt�Ä�~3gAk6g�Ák�t�� h'kvh	ivqEu�qEwÛ�bgAosivgAf6qEw}A��tsm »Aivg;~3gAk�rqEw � f�t6}Axbk���t´�	Á�Ð�
�¼�u��vg

ii(
u;fvh	�6x�}

) =
57, 3 · ĩi,Ωi(

u;fvh	�6x�}
) = 57, 3 · Ω̃i.â o6q*~3qEz|j*y ��t6}�ivgAk�k�lnmÎf6gA��gAk�t��<}At6}Arg;~?lÛ�6t6�¶�¶gAf6gAk�´�tvh	i6j*k�lnmÎxbfvh'w*k6g�Á

k�t�� � ¹ � 
�¾ � ¹�Ì�
#o6q)�¶qEf6~?x	i1hE~ � ¹AÏ�
�¾ � ¹�ë�
�~3q�Æ¿k6qÖrEh'��Æ�g¶o6q'i6xb��t�r*jÖu;fvhE�Åt���t2t�ÄAÁ~3gAk6gAk�t��2h'kvh	ivqEu�qEwÖ»;�b}A´6gAk�r*f�t6}At6rgArqEw � f�t6}Axbk���t�¹�Ý	Á�¹*¹�
�·eÒ}Aw*�sÄ;t�}{rgA~#¼s��rq|f�t6}Axbk���tk�	Á�¹*¹{osivq;mbq*q*À*qEÄ;f�t6~?l¶¼�o�f�t�wg��vg;~�qEr*f6gAÄ;��t¸f�tsÁ
}Axbk��bqEw�qEf6ÀEt�r*h	i6j*k�lnm¿»Aivg;~3gAk�rqEw�kvh_�sqEf6qEr*�bq*~<t�k�rgAf�w�h	ivg*¼u��vg#rgAks�vgAk�´�t�tÖ»;wq'Á
i6y{´�t�t�»Aivg;~3gAk�rqEwÖÀEx	�6xbr)�6gAr*�bq¿w*ts�6k�l � f�t6}Axbk���t�¹ � Á�¹	ºL
�·

�������������������������! #"%$!&�'!��(<*-,	.0/21·3�5768.0/21ð9:.<;>=�?A@



³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹�Ìs¹

� ��§�����ª� ¹�`oU!$µ; [§�¶�¨e��w0{���§���w0¨bw
ẽ1
r�¤x&�¨÷z����� �w0��{�ª2u#ª	�	ª�¯e��vR¦�¨e��vgz�ª2§�w0ª`«�����vI«

uSv	§b§bv�r�v�§�z[t�ª�°U��ª�£�!Et����[��¨e£�z�¨b{�¨`u�¨e����vI«�uSv	§b§bv�|

� ��§�����ª� ¹�	�"!$µ; [§�¶�¨e��w0{���§���w0¨bw
ẽ2
r�¤�&�¨yz����� �w0��{�ª2u ª	�	ª�¯e��vz¦�¨e��váz�ª2§�w0ªY«�����vI«

uSv	§b§bv�r�v�§�z[t�ª�°U��ª�£½t�������¨e£dz�¨b{�¨`uM¨e����vI«�uSv	§b§bv�|

Ó?hE}A�6gAr*lpo6qE�sh'Ä;l#w�h'y{rE¼���rq¶w|}�i6xb�vhEg�o6q*}Arq	�sk�k6qE��~-hE};}Al � t�k�rgAf�w�h	i�w*f6g;~3g�Ák�tÈ¾Îë'Ï�ë2Ý*Ý*Ý�ivgAr�
¶hE~?osi6t�r*x	�6l �bq'ivg;Àh'k�t���qEf6ÀEt�r*h	i6j*k�lnm�»Aivg;~3gAk�rqEw
Ω̃i, ĩi, ẽio6q*}Arq��sk�k�l¶·e�rq_Æ|g#w*f6g;~?�½¼EwÅkvh'��gA�¿Ä	h	�1h��6g#}no6gAf6g;~3gAk�k�l�~?t8~-hE};}�hE~?t)w¶qEr�i6tsÁ

��t6g¶qEr)Ä	h	�1h;��t�}Åo6q*}Arq��sk�k�l�~?tÎ~-hE};}�hE~?tÎhE~?osi6t�r*x	�6lá~3gAk��sy{r}��2};q¿w*f6g;~3gAk6g;~#·
·Åh'fvh'��rgAfÖt�Ä�~3g�kvg�k6t��8hE~?osi6t�r*x	�8o�f�t�wg��vgAkÖkvhÅf�t6}Axbk��sh	m2¹�ì	Á � Ìs¼*u��vg#�6gAr*�sq¶o�f6q'Á
}�i1g�Æ¿t6w�hEg�r}���»;wq'i6y{´�t6qEk�kvh'��rgAks�vgAk�´�t��½·

�_Ä¶w*l#��g_o�f6qEwg��vgAk�k6qEu	q)��t6}�ivgAk�k6qEu�q�h'kvh	i6t�Ä	h)}�tv}�rg;~Ëxbfvh'w*k6gAk�t��2wgA�bqEw*lnm
wqEÄ;~?xbz�gAk�t���}�ivg��6xgAr
7|ö½^�`6ÿS:�a3`6c�d?`ßò�ûUTV�WYX?Z\[O]G^�_G^�`0abX�cMaedfXga�hiWkjl^�WYW�^mjln

m0 o m1

n
m2 on0]YjaRp�q.r4s?n�jln.W�qJn0]GtGX�c�tGu.p.t o [)c3^�]Yh.n.`�p.v�dwXgaxjlu.^�dw[Gvyu.tRh.p�q�azX?WeqwV�WBh.t�[Gn�a

ṁ0

m0

=
ṁ1

m1

6= ṁ2

m2 {
| t�}e_G^
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¹�Ì � í�· î�·�îÎhEg;~3gAf6qEw�hs¼vî�· ï¶Æ�·-î2t�k�u�i6t6ÀhEgAw

� ��§�����ª� %�Y¥P!�©ª��w0¨b{�©2vItd©	{�¨`uM¨����%�R¬	¬�p0o	ogt�¨bwYr
¤�&�¨yz����� �w0��{�ª2u ª	�	ª�¯e��vz¦�¨e��váz�ª2§�w0ªY«�����vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£�!Ez�¨b{�¨`uM¨e����vI«�uSv	§b§bv�|

� ��§�����ª� %�`¬4!�©ª��w0¨b{�©2vItd©	{�¨`uM¨����%�R¬	¬�p0o	ogt�¨bwYr
¤�&�¨yz����� �w0��{�ª2u ª	�	ª�¯e��vz¦�¨e��váz�ª2§�w0ªY«�����vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£�!Ez�¨b{�¨`uM¨e����vI«�uSv	§b§bv�|

�������������������������! #"%$!&�'!��(<*-,	.0/21·3�5768.0/21ð9:.<;>=�?A@



³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹�Ì*Ì

� ��§�����ª� %�bqU!©ª��w0¨b{�©2vItd©	{�¨`uM¨e���%�R¬	¬�p0o	oát�¨bwYr
¤x&�¨yz����� �w0��{�ª2u ª	�	ª�¯e��vz¦�¨���vgz�ª2§�w0ªY«�����vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£�!·z[¨b{�¨`uM¨e����vI«�uSv	§b§bv�|

� ��§�����ª� %�YpP!©ª��w0¨b{�©2vItd©	{�¨`uM¨e���%�R¬	¬�p0o	oát�¨bwYr
¤x&�¨yz����� �w0��{�ª2u ª	�	ª�¯e��vz¦�¨���vgz�ª2§�w0ªY«�����vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£�!·z[¨b{�¨`uM¨e����vI«�uSv	§b§bv�|
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¹�Ì'Ï í�· î�·�îÎhEg;~3gAf6qEw�hs¼vî�· ï¶Æ�·-î2t�k�u�i6t6ÀhEgAw

� ��§�����ª� %�R¬4!©ª��w0¨b{�©2vItd©	{�¨`uM¨e���å¥[�P±	o	oát�¨bwYr
¤�&�¨yz����� �w0��{�ª2u ª	�	ª�¯e��vz¦�¨e��váz�ª2§�w0ªY«�����vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£�!Ez�¨b{�¨`uM¨e����vI«�uSv	§b§bv�|

� ��§�����ª� %�I�ª!©ª��w0¨b{�©2vItd©	{�¨`uM¨e���å¥[�P±	o	oát�¨bwYr
¤�&�¨yz����� �w0��{�ª2u ª	�	ª�¯e��vz¦�¨e��váz�ª2§�w0ªY«�����vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£�!Ez�¨b{�¨`uM¨e����vI«�uSv	§b§bv�|

�������������������������! #"%$!&�'!��(<*-,	.0/21·3�5768.0/21ð9:.<;>=�?A@



³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹�Ì*ë

� ��§�����ª� %�R±U!©ª¯`uM¨e��¨e����¨÷�E�Y¸½�d��� �v	uMz[t���wm�R&
Ω̃1

r�¤�&�¨yz����� �w0��{�ª2u
ª	�	ª�¯e��vz¦�¨e��váz�ª2§�w0ªY«�����vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£�!Ez�¨b{�¨`uM¨e����vI«duSv	§b§bv�|

� ��§�����ª� %�R³U!©ª¯`uM¨e��¨e����¨÷�E�Y¸½�d��� �v	uMz[t���wm�R&
Ω̃2

r�¤�&�¨yz����� �w0��{�ª2u
ª	�	ª�¯e��vz¦�¨e��váz�ª2§�w0ªY«�����vI«duSv	§b§bv�r[vE§�z[t�ª�°U��ª�£!·z�¨b{�¨`uM¨�����vI«�uSv	§b§bv�|

�������������������������� "%$!&�'!��( *-,	.0/21·3�5�6 .0/21ð9:.<;>=�?A@



¹�ÌL� í�· î�·�îÎhEg;~3gAf6qEw�hs¼vî�· ï¶Æ�·-î2t�k�u�i6t6ÀhEgAw

� ��§�����ª� å¥0oU!©ª¯`uM¨e��¨e����¨÷�E�Y¸½�d��� �v	uMz[t���wm�R&
ĩ1
rL¤x&�¨÷z����� �w0��{�ª2u

ª	�	ª�¯e��vz¦�¨e��váz�ª2§�w0ªY«�����vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£�!Ez�¨b{�¨`uM¨e����vI«�uMv	§b§bv�|

� ��§�����ª� å¥[�"!©ª¯`uM¨e��¨e����¨÷�E�Y¸½�d��� �v	uMz[t���wm�R&
ĩ2
rL¤x&�¨÷z����� �w0��{�ª2u

ª	�	ª�¯e��vR¦�¨e��vgz�ª2§�w	ª`«�����vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£�!Ez�¨b{�¨`uM¨e����vI«�uSv	§b§bv�|

�������������������������! #"%$!&�'!��(<*-,	.0/21·3�5768.0/21ð9:.<;>=�?A@



³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹�Ìº

� ��§�����ª� å¥	¥P!©ª¯`uM¨e��¨e����¨y�E�Y¸½�d��� �v	uMz[t���wm�R&
ẽ1
r�¤x&�¨÷z����� �w0��{�ª2u

ª	�	ª�¯e��vz¦�¨e��váz�ª2§�w0ªY«�����vI«duSv	§b§bv�r[vE§�z[t�ª�°U��ª�£!·z�¨b{�¨`uM¨�����vI«�uSv	§b§bv�|

� ��§�����ª� å¥0¬4!©ª¯`uM¨e��¨e����¨y�E�Y¸½�d��� �v	uMz[t���wm�R&
ẽ2
r�¤x&�¨÷z����� �w0��{�ª2u

ª	�	ª�¯e��vz¦[¨e��vgz�ª2§�w0ªY«��L��vI«duSv	§b§bv�r�v�§�z[t�ª�°U��ª�£Uz�¨b{�¨`uM¨e����vI«�uSv	§b§bv�|

�������������������������� "%$!&�'!��( *-,	.0/21·3�5�6 .0/21ð9:.<;>=�?A@



¹�Ì*ì í�· î�·�îÎhEg;~3gAf6qEw�hs¼vî�· ï¶Æ�·-î2t�k�u�i6t6ÀhEgAw

�
{
p�azn0]Yjazp.p.tGWYX?Z�u�h.tGWY��tGWYX?n�¹l^�u�h.^�W�^�p.^Rc�V�º?^LazX?WeqS»

�
{
[GtGWRdStG_Yq.s?n.�fV�]�axhitec�¼Gn.X?v

Ω1

Xga�h.^
µ1

p�a+WYt�[Gu.^�_G^LazX½WFp.n.WRdStG_Yq.s?n�j
V�]Yh.tRj

Ω2

Xgaxh.^
µ1

p.^2tGWYp.t�[Gp.tG�+u�h.tGWY��tGWYX?n
{

� �-`ba-õ1ö½^1d�`�ò�û.¾tec3jl^mh.Z���u�h.tGWY��tGWYX?n)¹l^�u�h.^�WB^g~G[GtRh.rP�.n.tGp.nLc�V3azX¿u.t�]G^���tGp.V

c1(t)=β1

√

a01(1−e21(t)) sin i1(t) sin Ω1(t)+β2

√

a02(1−e22(t)) sin i2(t) sin Ω2(t),

c2(t)=−β1

√

a01(1−e21(t)) sin i1(t) cos Ω1(t)−β2

√

a02(1−e22(t)) sin i2(t) cos Ω2(t),

c3(t)=β1

√

a01(1−e21(t)) cos i1(t)+β2

√

a02(1−e22(t)) cos i2(t).

À ÷�ø��,HÎú�`6c�d?`
�Å};}�ivg��vqEw�h'k�lØqEf6ÀEt�rEh	i6j*k�l�g_»Aivg;~3gAk�r*lpo�f6q*À'ivg;~?l"r*f6g�mÖrg�i8¾�rqE�6gA��}{~-hE}�Á

}�hE~?tÃ¼	t�Ä�~3gAk��sy{z|t6~?t6}���t�Ä�qEr*f6qEo�k6q{wÕfvh'ÄAi6t���k�lnm�rg;~?ovh	m½·'eÈ�sh��6g;}Ar*wgÞt6}�m�q��6k6q'Á
u�qÖk6gAwqEÄ;~?xbz�gAk�k6qEu�q�o�f6q*~3gAÆ¿xbrqE��k6qEu�q8�6w*t�Æ|gAk�t���t6}Ao6q'i6j*Ä�qEw�h'k6q�h'o6gAf�t6q;�vt��6g�Á
}A�bq*g-�6w*t�Æ|gAk�t6gÞo6q���w�h'Ä;t��sqEk�t��6g;}A�sq*~?x|}AgA�6gAk�t6y�·EàÞ�s}A´6gAk�r*f�t6}At�rgArl�t�kvh'�sivqEk�l
qEf6ÀEt�r¸rg�i�}A��t�r*h'y{r}��<~-h	i6l�~?t<wg�i6t���t�kvhE~?tÃ¼�h�~-hE};}AlÇrg�i�}Afvh'w*k�t6~?lß~3gAÆ��6x
};q*À*qE�Ã·3Ñ_f�t�»;r*tsm�o�f6g��6o6q'ivq�Æ�gAk�t��bm½¼3o�f�t6~3gAk��s��}At6}Arg;~?x�h'kvh	i6t�r*t��6g;}A��tsm�w*lnÁ
��t6}�ivgAk�t���ãÎä*å%æ�ç�è)ä*åNéJê�ä¸Ê ì	Í/¼�w*l#��t6}�ivgAk�l"w*l#fvh'Æ�gAk�t��8wgA�sqEwqE���vhE}Ar*t�wqEÄ�~?xbz¿h	Á
y{z�gA�<�Åxbk���´�t�tÈw2h'kvh	ivqEuAh	mÈw*rqEf6qE��}At6}Arg;~?lÇo6gAf6g;~3gAk�k�lnm�Ñ_x�h'k���h'f6g*·ÃÑÅq'i6x�Á
�6gAkvh�k6qEw�h'��}At6}Arg;~-h2t�Ä�wq*}Aj~?t�i6t�k6gA��k�lnm�k6g�h'w*rqEk6q*~?k�lnm��6t6�¶�¶gAf6gAk�´�tvh	i6jEÁ
k�lnmÈxbfvh'w*k6gAk�t���o6gAf�wqEu�q2o6qEfb�b�6�shs¼�qEo�t6}Al#w�h'y{z¿h'�<wgA�sqEw*l�gÖwqEÄ�~?xbz�gAk�t��½·�Â¶h
q*}Ak6qEwg���t6}�ivgAk�k�lnmÖf6gA��gAk�t��Ö»;r*tsm��6t6�¶�¶gAf6gAk�´6tvh	i6j*k�lnm)xbfvh'w*k6gAk�t��Öw*l#�swEivgAk�l
»;wq'i6y{´�t6qEk�k�l�gÅrgAks�vgAk�´�t�t2qEf6ÀEt�rEh	i6j*k�l#m�»Aivg;~3gAk�rqEw6·6eGo6gAf�w*l�gÅo6qE�sh'Ä	h'k6q�¼���rq
k6gAt�Ä�~3gAk�k6q*}Ar*jËqEf�t6gAk�rEh'´�t�t"osivq*}A�sq*}Ar*tpµ�h'osi1hE}�h�kvh'f�xb�¿hEgAr}��ÒtDwq*}�m�q��6�sz|t��
xbÄ�g�i<qEf6ÀEt�r*l

Ω1

rg�i1h
µ1

k6g¿};qEw*ovh	�1hEgAr2}|k�t6}�mbq;�6�sz|t6~pxbÄAivq*~
Ω2

rg�i�h
µ2

kvh
q*}Ak6qEw*k6qE�2osivq*}A�bq*}Ar*tÃ·

Ó?hEÀ*qEr*h��vhE}Ar*t���k6q_�Åt�kvh'k6}At�f6qEw�h'kvhÕu;fvh'k�rq*~ÎÝL�*ì*ì�Á'í��Økvh�xb��k6q'Á�rg�msk�t��6g;}A��tsm
o�f6qEu;fvhE~3~Ët¸o�f6q*gA��rqEw�(Åq*~?t�rgArEh¿kvh�xb��t�î ³ ÂÇÓ,( � Ýs¹ � Á � Ýs¹AÏÖuAuA·
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³ kvh'f�xb��gAk�t�t2qEf�t6gAk�r*h'´�t�t2osivq*}A�sq*}Ar*t2µ¶h'o�i1hE}�h¸·X·X· ¹�Ì*Ð

Â d�ö½`6ÿ�÷½öM/�ÿ�÷

¹�ng�ivgA´���t��¸e_· e_·X¼3·_gAk�rqEwgÃ|· Ã|·�Ó?gAÄ�qEkvh'k6}Ak�l�g_w*fvh'z�gAk�t��8k6g;À*g;}Ak�lnm8rg�i�·¾
Â{t6Æ¿k�t��2ÂÅqEw*u�qEf6q��;�6Âl�ÅÓ"�$�¿¼�¹�Ð*ì*ës·s¾ÖÏ�Ì*Ý�}*·

� µ�hE}A�sh'fÅÄð·Æ(_f�xbo�k6q*~-hE}A�|r*hEÀEk�l#�ÎmshEq*}�tÎ~-h'f�u;t�kvh	i6j*kvh'�Îx}ArqE���6t�wq*}Ar*j
w â q'i6k6gA��k6qE��}At6}Arg;~3g*·�Á�w���kÃ·Ç�ÃÓ�gAÄ�qEkvh'k6}Alßw¸k6g;À*g;}Ak6qE��~3g�mbh'k�t��sg*·�¾�î�q*}A��w�h	Á
�{Æ�gAw}A�����_k6}Ar*t�r*xbr)�bq*~?o�j*y{rgAf�k6lnm¸t6};}�ivg��vqEw�h'k�t���¼ � Ý*ÝL�s·s¾ â · � Ïbº�Á�Ì*Ý*ës·

Ìg(ÅqEf�f6gA���\Ã|·X¼-µ�hE}A�sh'ffÄð·ÉÈÅgAr*l#f6g2�sqEk6gA��k�lnmËo6q'ivq	Æ�gAk�t��Dq*}AtÒw*fvh'z�g�Á
k�t���engAk6gAf�l¶·�ÁÅwÎ��kÃ·Ç�?Ó�gAÄ�qEkvh'k6}Al wÎk6g;À*g;}Ak6qE�Ë~3g�mbh'k�t��sg*·�¾<î�q*}A��w�h	Á��_Æ|gAw}A���
�{kv}�r*t6r*xbr)�bq*~?o�j*y{rgAf�k�lnm�t6};}�ivg��vqEw�h'k�t���¼ � Ý*ÝL�s·s¾ â ·vÌ*Ý*ë	Á�Ìs¹m�s·

Ï ³ ~-h'f6qEwË×Þ· �_·Þï¶t�k1hE~?t��sh�u;fvh'w*t�r*t6f�xby{z|tsmp}At6}Arg;~ î�gAr*h'uAh	i1h'��r*t���tÃ·n¾
Ã�iv~-h'r*l�6Â¶h;xb��hs¼½¹�ÐºEës·�¾2¹AÏ�ÌgÊ*·

ë�ËUÌ�ÍGÎ�ÏmÐÒÑ¶· Ó_·Ô�Ï�ÕsÁxÖ3×eÍG×BØÙÏ�Õ�ÍGÎBÚÜÛ�Ú�Õ�ÍGÌgØÙÊmÍGÝ2ÞyÎ�Ï�ßSÝÙàzÌ2áÅØÇÕãâ�áB×BÎ�Ï�Õ.Ï�Ì$Ú·{¾
Ô�àzänÁæåÉÏ�ÎBçÆ�SÔ�Ï�ÐLÍ2Ö�ÊzØÙàzÕ.ÊYàÞyèSßSÝ�·�é�Õ.Ê*·X¼ � Ý*Ý � ·s¾ � Ï�ìgÊ*·

�gÓªàzç�Ï�ÐÒâ|· â|·X¼�ËUÌ�ÍGÎ�ÏmÐÜÑÅ· Ó_·Ñªê.à�×Bê.àYÏ�ÎBÚÒÏGëkËUÎBßSØÇ×�áÅØÇÕìÔ�Ï�ÕsÁxÖ3×eÍG×BØÙÏ�Õ�ÍGÎBÚ
Ö3×�àzÝÇÝÙÍGÎ	Ö3Ú0áB×�àzÌ2á�ÁLÁ+â�áB×BÎ�Ï�ÕÃ·,ÍGÕ.í�â�áB×BÎ�Ï�îSê�Ú0á�·9Ñ�ÎeÍGÕ.áeÍ�Êz×BØÙÏ�Õ.á�·?¾ � Ý*Ý*Ìs·�¾�×Þ· �L� ·�¾
Þ�·Ã¹AÏ�ës·

º�î2t�k�u�i6t6ÀhEgAw�î�· Äð·?ï¶t�kvhE~?t���hÈk6g;}ArEh'´�t6qEkvh'f�k6lnmËu;fvh'w*t�r*t�f�xby{z|tsmË}AtsÁ
}�rg;~#·�¾�Ã�iv~-h'r*l�.�_ÄA��·.(¶h'Ä�Â%ï�¼ � Ý*Ý*Ðs·s¾ � Ý*Ð â ·

ìgðyñLñLÝÙàz×�Ï�ÕkÞ?·SðyÐ3Ï�Ýòè.×BØÙÏ�Õ�ÍGÎBÚ	îSÎ�Ï3ÊYàYá�á�àYáPØÇÕ)ßSØÇÕ�ÍGÎBÚ)ÍGÕ�í	Ì�èSÝÇ×BØÇîSÝÙà�áB×eÍGÎ�á�·�¾�ó�ôg�
õ ÍGÌ�ßSÎBØÙí0ñ�à�óUÕSØÇÐ3àzÎ�áBØÇ×�Ú	ÞyÎ�àYá�á�¼ � Ý*ÝL�s·s¾�Ì*Ì � îÃ·

Ð�µÅxb��j*�sk6qEw¿µ)· í�·sï¶t�kvhE~?t��6g;}A�shE�¸»;wq'i6y{´�t���qEf6ÀEt�r)Ä;wgAÄA�2w¿rg;}Ak�lnm8�6wqE�sÁ
k�lnmÖ}At6}Arg;~-h	m�}Õ�bqEk6};gAf�w�h'r*t�wk�l�~�q*À*~3gAk6q*~�~-hE};}lÁLÁÃ{}Ar*f6qEk�·�Æ¿xbf�kvh	i�·�¾ � Ý*Ý*ìs·
¾Ö×Þ·vì*ës¼�öÙìs·s¾ â ·1ºEë*ë	Á5º��*ìs·

¹�Ýg÷ßh'fsi6jg(¿·6ÂÅg;À*g;}Akvh'��~3g�msh'k�t���hs·s¾Öî�q*}A��w�hs¼Ã¹�ÐL�L�s·s¾	� � ì â ·
¹*¹økØÇÕSñLÝÇØÇß�ÍYÚ3àzÐ%ø�·X¼møFÍYÚ3àzÌ2àzÎ�ÏmÐLÍUù�·�Ö�àYÊzèSÝúÍGÎ;îMàzÎB×�èSÎBß�ÍG×BØÙÏ�Õ.á;ØÇÕl×Bê.ày×BêSÎ�àYà�ÁûßÆÏ3í0Ú

îSÎ�Ï�ßSÝÙàzÌüäPØÇ×Bê�ÐLÍGÎBØúÍGßSÝÙà%Ì�Í�á�á�àYá�ÁLÁ$Ñªê.à$Ö3Øòý0×Bê�é�Õ�×�·0þÅÏ�ÎBç0áBê.Ï�îÃ· õ Ï�ÌgîSè.×�àzÎ�ÍGÝÇñ�àzßSÎeÍ
áBÚ0áB×�àzÌ2á4ØÇÕk×�àmÍ�Ê�êSØÇÕSñ)ÍGÕ.íkÎ�àYá�àmÍGÎ�Ê�êÃ·6¾	Þ�Ï�ÝúÍGÕ.í½¼�Ö3ØÙàYí0ÝÙÊYàL��þbÚ0í.ÍmäPÕSØÙÊz×�äªÏ õ Ï�ÝÇÝÙàzñLØÇèSÌ
øFÍGÿmÏmÐ�ØúÍs¼ � Ýs¹*¹*·s¾ÖÓ?·½¹�Ð*ì	Á � Ý'Ï6·

¹ � Ñ_f6qE�bqEo6gAk��gÃ|· Â¿·EÓ�gA��gAk�t6g#�Åt�Ä;t��6g;}A��tsm|Ä	h	�1h;�)}Þt6}Ao6q'i6j*Ä�qEw�h'k�tvg;~È}At6}Arg�Á
~?lÛã��������Þã������
	��Å·�¾��Gf6g;}Ar.�.�_ÄA��·.�níÃ×ªïÕ¼ � Ý*Ý*ës·s¾ � �*Ý?Ê*·

� X?^�X?ZGq+u.tGWYX?V�u.n�h.^�[lcMaz_G^����.n.rÜ���
{
�

{
�G�
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¹AÏ�Ý í�· î�·�îÎhEg;~3gAf6qEw�hs¼vî�· ï¶Æ�·-î2t�k�u�i6t6ÀhEgAw

îÎhEg;~3gAf6qEw�hØí�· î�·X¼¶î2t�k�u�i6t6ÀhEgAwáî�· ï¶Æ�·¶î+Ã â#â ÃÕµÃ{Ó�� Ã��ÅÂ���î+ÃÕµ��
�l÷ ï��-Â���î�� â �3µ�� â é�Â{ï��-í;é�µÃ{Ñ_µÃ â ÄüÃ � ���Å×������ ³ Ó,���-ÂÅ×;Ã��l�_Á
� â ��Â����ã�! � ��µlï"�

Ñ_x�h'k���h'f6g<»Aivg;~3gAk�r*rgAfSØXkSØ$#ÛgA�SØXk��$Ø¶Æ&%s�6g;}zØXkSØ$#Ûh'kvh	ivqEu;rEh'f�lÙ¾Dq*}A��x	i6�s´�t��bÁ
i1h;xb�|l h'��k�l�~-h	i6lni1h'f��1hÈ~-hE};}�h	i1h'f�lKh'��k�lÕ~-h	i6l'%s� �vgAk6g�~)(	};g�ivg;}zØXkSØ$#ËÆ¿h*#vh
rg+#s�vgAx	ivgAfSØÞh	i6l#ks�6l¶·½î�q��6t6�Åt��sh'´�t��bi1h'k-,;h'k<q*}A��x	i6�s´�t��bi1h�xb�|lÇh'��k�l�~-h	i6lni1h'f
Æ&%s�6g;}zØXks�vgËr
%sf�r*�SØTivgAxb�$ØÖ�Åxbk���´�t��sk�l�#/.Ef�k6gAuYØ�øFÍG×Bê.àzÌ�ÍG×BØÙÊmÍáh'kvh	i6t�r*t��sh	i6l�0
g;};gAo�rgAxÎÆ&%s�6g;}zØGh'f-0�lni6l/0bqEf�l#r*l#o��|l�,;h'f�lni��6l¶·�×1%sf�r*�SØTivgAxb�$ØÞ�Åxbk���´�t��sk�l�#
k6gAuYØXÄYØXks�vg¸h	i2,	h'�ðf6gArÈ~)(	};g�ivgAkSØ$#�»;wq'i6y{´�t��bi6l�0�rg+#s�1g�x	ivgAfSØn¾3,;hE}Al#fsi6l�0�r
%sfsÁ
�SØTivgAx	�.Ø$#È��h'k6qEks�6l�0�h'w*rqEk6q*~��6l g;~3g;}�rg+#s�vgAx	ivgAfSØ-r*hEÀElni��6l¶·��6hE}Al#fsi6l�0<r
%sf�rEÁ
�SØ#rg+#s�vgAx	ivgAfSØXkD}�h'ks�6l�0Òr4(	}zØTi��vgAf6~3gAkÒr*h	i��1h;x�k-(�r*t�Æ�g;}zØXks�vg�r
5sfvh*0�r*l µ�h'osi1hE}
Æ�h'Ä;l�0�r*l�,;l#k6l�#�~-hE};}�h	i1h'f��6l�#6(�f�r
%sfsi.Ø!0sh'f-0�l#ks�1h�.EÄ;u�gAf�x<}�h	i��1h'f�l�kvh'k�q*}Al
Æ�h'Ä;l�0�r*l�0�r*l7#<qEf�t6gAk�r*h'´�t���}Al8.EÄ;u�gAf6gArLØXkSØ-�9.Ef6};gArLØTi��.Ø�·ÞñAîÎhE};}�hE}Al

µ1

�vgAk6gAkSØ$#�ñ
Æ|q
,;h'f�lni1h;x�r
%s�SØXkSØ¶ñA~-hE};}�hE}Al

µ2

�vgAk6gAkSØ$#�ñ:0;5'i��6l#fvh�x�r
%s�SØXkSØZ~3gAk�}+(����sg;}8�sg�i�Á
~3gA��rLØXks�.ØXuYØ?h'k�l�0�rEh	i��6l¶·

øFÍYÚ3àzÌ2àzÎ�ÏmÐLÍ ù�· ø�·X¼�økØÇÕSñLÝÇØÇß�ÍYÚ3àzÐ ø�· <�êÃ·\Ë�Ô Û%éBÖSË�=Ué�ð,Ô�Ñ�âyÑPéBË�Ô Ë�>
?�â�Þ�?�â õ ð Þ�?�â�Ô�ð é�Ô Ñ�@�=Uð,ð?Á�Ó4Ë�Ûªå Þ�=4Ë�ÓA?�ð,ø þJé�Ñ�@CB9â�=�ålé�Ôlù
ø+âlÖSÖ�ð"Ö

é�Õ>×BêSÎ�àYà�ÁûßÆÏ3í0Ú>îSÎ�Ï�ßSÝÙàzÌ äPØÇ×Bê ÐLÍGÎBØúÍGßSÝÙà�Ì�Í�á�á�àYáw×Bê.àzÎ�àÜÍGÎ�àÒÏ�ßS×eÍGØÇÕ.àYí Õ.àzä
àED3è�ÍG×BØÙÏ�Õ.á+ØÇÕÜÏLá�ÊzèSÝúÍG×BØÇÕSñfàzÝÙàzÌ2àzÕ�×�á�¾J×Bê.à�ÍGÕ�ÍGÝÙÏ�ñLè.àYábÏGë�×Bê.à á�àYÊYÏ�Õ.íÒáBÚ0áB×�àzÌ ÏGë
Þ�Ï�ØÇÕ.ÊmÍGÎ�àFàzÝÙàzÌ2àzÕ3×�á�·"Þ9àzÎB×BèSÎBßSØÇÕSñ ë èSÕ.Êz×BØÙÏ�ÕwØÇÕ\×Bê.à�Ì2Ï�í0ØGF�àYíwÏLá�ÊzèSÝúÍG×BØÇÕSñ ÐLÍGÎBØúÍGßSÝÙàYá
ØÙá�ÊmÍGÝÙÊzèSÝúÍG×�àYí\ß3Ú ×Bê.àkáBÚ0áB×�àzÌ ÏGë�ÍGÕ�ÍGÝÇÚ�×BØÙÊmÍGÝ�ÊmÍGÝÙÊzèSÝúÍG×BØÙÏ�Õ.á	øFÍG×Bê.àzÌ�ÍG×BØÙÊmÍs·PËUÕ\×Bê.à
ß�Í�áBØÙáÏGëª×Bê.à2íSàzÎBØÇÐ�àYíbîÆàzÎB×BèSÎBßSØÇÕSñ�ë èSÕ.Êz×BØÙÏ�ÕÅ×Bê.àzÎ�à�ÍGÎ�à2Ï�ßS×eÍGØÇÕ.àYíFëæÏ�Î×Bê.àHF.Î�áB××BØÇÌ2à
×Bê.à$àzÐ3Ï�ÝÇèS×BØÙÏ�Õbà+D3èMÍG×BØÙÏ�Õ.á%ÏGëÉ×Bê.à�îSÎ�Ï�ßSÝÙàzÌ�¼MäPêSØÙÊeêÅÍGÎ�à�Õ.Ï�ÕsÁ�ÍGèS×�Ï�Õ.Ï�Ì2Ï�è�álÊmÍGÕ.Ï�ÕSØÙÊmÍGÝ
àED3è�ÍG×BØÙÏ�Õ.áPÏGë�×Bê.à%á�àYÊzèSÝúÍGÎªîÆàzÎB×BèSÎBß�ÍG×BØÙÏ�Õ.á�·SÓ"Ú�Õ3èSÌ2àzÎBØÙÊmÍGÝ�ÍGÕ�ÍGÝÇÚ0áBØÙáªÏGë�×Bê.à%àED3è�ÍG×BØÙÏ�Õ.á
ÏGë,á�àYÊzèSÝúÍGÎ�îMàzÎB×BèSÎBß�ÍG×BØÙÏ�Õ�á�ØÇ×UØÙá4ëæÏ�èSÕ.í�×Bê�ÍG×�í0è.à�×�Ï�Ê�ê�ÍGÕSñ�àYá%ÏGë,Ì�Í�á�á�àYá4ØÇÕ+í0ØGI�àzÎ�àzÕ�×
ÎeÍG×�àYá4×Bê.àlØÇÌgÌ�èS×eÍGßSØÇÝÇØÇ×�Ú�ÏGëJ?;ÍGîSÝúÍ�ÊYàîSÝúÍGÕ.àØÙáPßSÎ�Ï�ç3àzÕÃ¼S×Bê.à�Í�á�ÊYàzÕ.í0ØÇÕSñ�Õ.Ï3íSà8ñzÏGë9×Bê.à
ßMÏ�í0Ú�äPØÇ×Bê	Ì�Í�á�á	ñ

µ1

íSÏ�àYáªÕ.Ï�×PÊYÏ�ØÇÕ.ÊzØÙíSà%äPØÇ×Bê	×Bê.à%íSàYá�ÊYàzÕ.í0ØÇÕSñgÕ.Ï3íSà)ñzÏGë;×Bê.à�ßÆÏ3í0Ú
äPØÇ×Bê�Ì�Í�á�á	ñ

µ2.
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