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°P±�²´³¶µ
°¸·�¹vº�»Q¼T¹�½�¾À¿�Á�»Q²,ÂTÃ$¹$¼QÄ�ÂTº�ÅÆ»[ÇÈÄ�½,¹$¼Q²vÉ¦¹$Ê0Ê0ÂTÄ�Ë�ÅÆÌÍ¹$¼Q²vÇÈº�Î$ÏÐ¾`ÌÒÑ�Ä�ÂT¼T±�ÓH²v»Q¼7Ä�Ô�ÕHÄn»Q¼QÄnÑ©ÖX³Ð¹�»
×
»�¹�½�±`Ø0»Q²,¼Q¼T»,Ù�Ú�²,Ä�É�²,¼TÅÆ½R¹�Ñ�¹�ÇÈº`»�ÅÆ»J¹�½~¼TÅÈÃ�ÅÈ¼TÅÈ²v»�¹$ÂT²BÉ0ÅÈÂT²v½~¼Q²vÉ¤Ê0Â�ÅÆÌÍ¹$Â�ÅÆÇÈº´¼QÄ�Ó{¹$Â�É0»�ÅÆÌÛÊ0Â�Ä�Ã�ÅÆÑ�ÜÝ¼T±�²[¹�½,½,Ø�Â�¹�½~º¶Ä�Ô
Ü�²,Ä�É�²,¼TÅÆ½ÍÞ�ß*ÕHµàÂT²v»TØ0ÇÈ¼T»vÖ*²v»QÊ9²v½,ÅÆ¹�ÇáÇÈº¶¼T±0ÂTÄnØ�Ün±â¼T±0²ÍÂT²vÉ0Ø�½~¼TÅÈÄnÑâÄ�Ô;²,ÂTÂ�Ä�Â�»RÉ0Ø0²Ý¼QÄ¶¼T±0²´¹$¼TÌÛÄn»QÊD±�²,ÂT²´¹�Ñ�Éâ¼QÄ
ÅáÑ0»Q¼QÂ�Ø0ÌÝ²vÑ¡¼T¹$¼TÅÈÄnÑ=Ù{°J±0ÅÆ»PÓHÄ�ÂT¾+Ö+¹�ÇÆÄnÑ�ÜÍÓJÅÆ¼T±®Ä�Ê9²,Â�¹$¼TÅÈÄnÑ¶Ä�Ô5¼T±�²RÜ�²,Ä�É�²,¼TÅÆ½7Þ�ß#ÕHµP½~Ä�ÂTÂT²vÇÆ¹$¼QÄ�Âà¹�Ñ0É¶ÓJÅÈ¼T±¶»TØ�Ê�×
Ê9Ä�ÂT¼�Ä�ÔXÄ�Ê9²,Â�¹$¼TÅÆÄnÑ0»à¹$¼à¼T±�²Bã�²v»Q¼QÔ�Ä�Â�É©Ö�Ú�ÚàäJ¿[Ö=å�Ä�ÂT¼T¹�ÇÈ²,æv¹�Ö�¹�Ñ0É�çàÄ�¾�²,²Íè�¹$ÂT¾¶Þ�ß*ÕHµ�»TÅÈ¼Q²v»vÖ=ÅÆ»à»TØ�Ê0Ê9Ä�ÂT¼Q²vÉ
Á`ºêé�äàë�äì¼T±�ÂTÄnØ�Ün±®¹Í½~ÄnÑ¡¼QÂ�¹�½~¼�ÔeÂ�ÄnÌ3¼T±�²[Ú�Ä�É0É0¹$Â�É¤ë`Ê�¹�½~²�å�ÇÆÅÈÜn±�¼�íH²vÑ�¼Q²,ÂvÙ
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ë�ÅÆÑ0½~²´¼T±�²h¹�Ñ�¼TÅÆ½,ÅÈÊD¹$¼Q²vÉ§Ä�ÁD»Q²,ÂTÃ$¹$Á�ÇÈ²ÍÔ�Ä�ÂB¼T±�²êÑ�²~Ë`¼[Ü�²vÑ�²,Â�¹$¼TÅÆÄnÑ§Ü�²,Ä�É�²,¼TÅÆ½hÞ�ß#ÕHµR»Qº�»Q¼Q²vÌÒÅÆ»7¼T±�²hÊ�±0¹�»Q²
É0²vÇÆ¹vº�ÖHÃ�¹$Â�ÅÆ¹$¼TÅÈÄnÑ0»ÛÅÆÑ¦ÊD±0¹�»Q²®É0Ø�²�¼QÄ§½�±0¹�Ñ�Ü�²v»´ÅÆÑø»Q¼QÂ�Ø�½~¼TØ�ÂT²�Ä�Ô�¼T±�²®Ä�Á�»Q²,Â�Ã�²vÉøÂ�¹�É0ÅÈÄ�»QÄnØ0Â�½~²v»Í¹�½~ÂTÄn»�»Û¼T±�²
Ä�ÁD»Q²,ÂTÃ�²vÉ�Ô�ÂT²vþ`Ø�²vÑ0½~ºhÂ�¹�Ñ�Ü�²R½~ÄnØ0ÇáÉêÁ+²�»�ÅÈÜnÑ0ÅzÿD½,¹�Ñ�¼,Ù

µ�Ñ7Ä�Â�É�²,Â�¼QÄàÅÆÑ�Ã�²v»Q¼TÅÈÜn¹$¼Q²{¼T±�²{ÌÝ¹$ÜnÑ0ÅÈ¼TØ0É0²XÄ�Ô�¼T±0²sÊ0Â�Ä�Á�ÇÈ²vÌ�Ö$»QÊ9²v½~¼QÂ�¹�Ós²,ÂT²;½~ÄnÑ0»T¼QÂ�Ø0½~¼Q²vÉ[ÔeÄ�Â�¼T±�²JÚ�¹�Ø�»T»TÅÆ¹�Ñ
½~ÄnÌÝÊ+ÄnÑ0²vÑ¡¼T»�Ä�Ô9»Q²,Ã�²,Â�¹�Ç�»QÄnØ0Â�½~²v»5Á�¹�»Q²vÉBÄnÑB¼T±0²Pë`×�Á�¹�Ñ0ÉB¹�Ñ0É���×�Á�¹�Ñ0ÉÛÌÛÄ�É�²vÇÆ»�É�²,Â�ÅÆÃ�²vÉ7Á`º7å0²,ºB¹�Ñ�ÉÛí;±0¹$Â�ÇÈÄ�¼
����� Ù

ë`ÄnØ�Â�½~²v»{Ä�Ô*Ã�¹$ÂTº�ÅÆÑ�ÜB½~ÄnÌÛÊ�ÇÆ²~Ë�ÅÈ¼^ºÍÓH²,ÂT²�»Q²vÇÈ²v½~¼Q²vÉ¤ÅÆÑhÄ�Â�É�²,Â{¼QÄÝ»QÊ�¹�Ñê¼T±�²�Â�¹�Ñ0Ü�²�Ä�Ô�Ã$¹$Â�ÅÆ¹$¼TÅÈÄnÑh¼T±0¹$¼PÌÝÅÆÜn±¡¼
Á9²B²vÑ0½~ÄnØ0Ñ�¼Q²,ÂT²vÉ§¹�Ñ0É�¼QÄ¤»Q²,²´±�Ä�Ó¬¼T±0²ÛÃ�¹$Â�Åá¹$¼TÅÈÄnÑâÉ�²,Ê9²vÑ0É0»�ÄnÑ�¼T±0²hë`¼QÂ�Ø0½~¼TØ0ÂT²Bµ�Ñ0É0²~Ë���ë`µ
	�¹�»�É�²,Â�ÅÈÃ�²vÉ�Á`º
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� Ù�°P±0²ÝÌÛÄ`É0²vÇÈ²vÉâ»QÄnØ�Â�½~²v»7¹�Ñ0Éâ¼T±�²vÅÈÂ7»T¼QÂ�Ø0½~¼TØ�ÂT²´ÅÆÑ0É0ÅÆ½~²v»à¹$¼Ûë�¹�Ñ0É��3Á�¹�Ñ0Éâ¹$ÂT²hÇÆÅÆ»Q¼Q²vÉ�ÅÆÑ�¼T±�²
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°P±�²¤½~ÄnÌÛÊDÇÈ²~ËÀÃ`Åá»TÅÈÁ�ÅÆÇáÅÈ¼TÅÈ²v»[¹$ÂT²¤²v¹�»TÅáÇÈºø½,¹�ÇÆ½,Ø0ÇÆ¹$¼Q²vÉ ÔeÄ�Â®Ú�¹�Ø0»�»TÅÆ¹�Ñú½~ÄnÌÝÊ+ÄnÑ0²vÑ¡¼hÌÛÄ`É0²vÇÆ»,Ù °P±�²®ÊD±0¹�»Q²v»
¹�»�¹öÔ�Ø0Ñ0½~¼TÅÈÄnÑ Ä�ÔRÔ�ÂT²vþ`Ø�²vÑ0½~ºú¹$Â�²â»T±�Ä�Ó�ÑWÅáÑú¼T±�²Ðÿ�ÜnØ0ÂT²v»hÔeÄ�Â®¹öÁ�¹�»Q²vÇáÅÆÑ�²¶ÇÆ²vÑ�Ü�¼T±WÄ�ÔRÄnÑ�²UTX¹$Â�¼T± Â�¹�É0ÅÆØ0»
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Ô�Ä�Â�Ä�Á�»Q²,ÂTÃ$¹$¼TÅÈÄnÑ0»�¹$¼�»Q²,Ã�²,Â�¹�Ç�Ä�Â�ÅÈ²vÑ�¼T¹$¼TÅÈÄnÑ0»�ÂT²vÇÆ¹$¼TÅÈÃ�²B¼QÄê¼T±�²BÊ0ÂTÄ
YQ²v½~¼Q²vÉ�Á�¹�»Q²vÇáÅÆÑ�²�Ùà°P±�²B»QÄnØ�Â�½~²v»àÏ �LK$R�MZ�P��N
��å�ÅÈÜnØ0ÂT² � ¹$	5¹�Ñ0ÉÍÏ � Ï ��M��LK$R ��å�ÅÈÜnØ0ÂT² � Á�	�Ö�²,Ã�²vÑÝ¼T±�ÄnØ�Ün±Í±0¹vÃ�ÅÆÑ�Ü7ë`µ�Ä�Ô � ¹$¼FÁ9Ä�¼T±´ëB¹�Ñ�É��7ÖnÓHÄnØ0ÇÆÉÍÑ�Ä�¼F¹�É0É
»�ÅÈÜnÑ0ÅzÿD½,¹�Ñ�¼X²,Â�ÂTÄ�Â�»H¼QÄB¼T±�²�ÊD±0¹�»Q²�É�²vÇÆ¹vº´ÔeÄ�Â;¹�ÑhÄ�Á�»Q²,Â�Ã�¹$¼TÅÈÄnÑê¹$¼;¹�Ñ�ºÝÄ�Â�ÅÈ²vÑ�¼T¹$¼TÅÈÄnÑêÂT²vÇÆ¹$¼TÅÆÃ�²�¼QÄB¼T±�²�Ê0ÂTÄ
YQ²v½~¼Q²vÉ
ÁD¹�»Q²vÇÆÅÆÑ�²�ÙÍ¿�Ñ�¼T±0²ÝÄ�¼T±�²,ÂR±0¹�Ñ�É�¼T±�²Ý»QÄnØ�Â�½~²v»�Ï �+��Q × �+��N ��å�ÅÆÜnØ�ÂT² � ¹$	à¹�Ñ�É�Ï �
K$N�MSK$Q Ï[��å�ÅÈÜnØ0ÂT² � Á�	�ÓHÄnØ0ÇÆÉ
ÌÍ¹$¾�²¶Ê�±�¹�»Q²¤½~ÄnÑ0Ñ�²v½~¼TÅÆÄnÑW¹�½~Â�Än»T»Í¼T±0²¤Á�¹�Ñ0É ÅÆÌÛÊ9Än»T»TÅÆÁ�ÇÈ²êÓJÅÈ¼T±�ÄnØ0¼Í¹$Ê0Â�ÅÈÄ�Â�ÅP»Q¼QÂ�Ø0½~¼TØ0ÂT²¤ÅÆÑ�Ô�Ä�Â�ÌÝ¹$¼TÅÆÄnÑ©Ù å�Ä�Â
¼T±0²Í»QÄnØ�Â�½~²hÏ�Ï �LKJMONP��Q ÖFÓJÅÆ¼T±§ë`µ�Ä�Ô � ¹$¼RÁ9Ä�¼T±öë�¹�Ñ0É��[Ö#¼T±�²´ÌÝ¹�Ë�ÅáÌ7Ø0Ì Ê�±0¹�»Q²ÍÅá»R¹$Ê0Ê0Â�ÄvË�ÅÆÌÝ¹$¼Q²vÇÈº�Ï�Ù � Î
Â�¹�É0ÅÆ¹�Ñ0»HÑ�²v¹$Â � Ù�ÎÝÚ�·Jæ�Ù5ã ±0ÅÆÇÆ²J¼T±0ÅÆ»HÅÆ»HÑ�Ä�¼;»TÅÈÜnÑ0ÅÈÿD½,¹�Ñ¡¼sÔeÄ�Â{¼T±�²�½~ÄnÑ0Ñ�²v½~¼TÅÆÄnÑ´Ä�Ô#Ê�±0¹�»Q²�Ö�¼T±�²�²,ÂTÂTÄ�Â{ÓHÄnØ0ÇÆÉÝÁ9²
½~Ä�Â�ÂT²vÇÆ¹$¼Q²vÉÝÓ�ÅÈ¼T±Û¼T±�²P²L\9²v½~¼XÄ�Ô9¼T±�²�ÅÈÄnÑ�Än»QÊ�±0²,ÂT²�ÖnÓJ±0Åá½�±ÝÅÆ»X¹�Ñ�Ä�¼T±�²,Âs»TÄnØ�Â�½~²PÄ�Ô9²,ÂTÂTÄ�ÂX¼T±0¹$¼sÌ[Ø0»Q¼5Á9²P¹�»T»Q²v»�»Q²vÉ©Ù

0 5 10 15
x 10

9

−1

−0.5

0

0.5

1

frequency(Hz)

vi
si

bi
lit

y 
ph

as
e 

(c
yc

le
s)

0149+218

bsln: 6400 km

 

 

  0°
 30°
 60°
 90°
120°
150°

0 5 10 15
x 10

9

−1

−0.5

0

0.5

1

frequency(Hz)

vi
si

bi
lit

y 
ph

as
e 

(c
yc

le
s)

0202+149

bsln: 6400 km

 

 

  0°
 30°
 60°
 90°
120°
150°

]�*�^�!�� �&���_�3`��a,"4�!$� #7�6,b� �"!$#
�"!�� �Wc�`$�;,1�6�;,��d25!�'J#9�"*�4�'O4�2P25�"��e;!$�7'$#7fg��'J)O�h�G,"*ji�4�� *k�8'
� �h� *k4;'$,_� �7���h�"*�l��H� 4m�d�$��,"�7��*�'��
n *k�"`����7'�^��"`po�q
r�rms
tu254��6�
03r��7q
v
wdx��8y&��'J)z�{03r;x�r
x;wg�8q;v��

0 5 10 15
x 10

9

−1

−0.5

0

0.5

1

frequency(Hz)

vi
si

bi
lit

y 
ph

as
e 

(c
yc

le
s)

0113−118

bsln: 6400 km

 

 

  0°
 30°
 60°
 90°
120°
150°

0 5 10 15
x 10

9

−1

−0.5

0

0.5

1

frequency(Hz)

vi
si

bi
lit

y 
ph

as
e 

(c
yc

le
s)

0248+430

bsln: 6400 km

 

 

  0°
 30°
 60°
 90°
120°
150°

]�*�^�!�� �ax+�_�3`��a,"4�!$� #7�6,b� �"!$#
�"!�� �Wc�`$�;,1�6�;,��d25!�'J#9�"*�4�'O4�2P25�"��e;!$�7'$#7fg��'J)O�h�G,"*ji�4�� *k�8'
� �h� *k4;'$,_� �7���h�"*�l��H� 4m�d�$��,"�7��*�'��
n *k�"`����7'�^��"`po�q
r�rms
tu254��6�
03r�����|h}<����y~��'$)z�J03r
xhq;y/w�q;|;r��

���~� ��w3V����p�p�;!#"�"vq$��%�X*�
}�����




���������
	���
���������������������
�����	 ���
	���
���������� ����������
�����	�!#"$��%&	���'(�*)+�
",
����

°#ÄÝ¼T±0²�²~Ë`¼Q²vÑ�¼J¼T±�¹$¼J¼T±�²v»Q²7»TÅÆÌÛÊ�ÇáÅzÿ�²vÉhÌÛÄ`É0²vÇÆ»;¹�Ñ0É®¼T±�ÅÆ»;»TÌÝ¹�ÇÆÇ#»T¹�ÌÛÊ�ÇÈ²àÂ�²,Ê0ÂT²v»Q²vÑ�¼;¼T±�²RÉ0Åá»Q¼QÂ�ÅÈÁ�Ø0¼TÅÈÄnÑhÄ�Ô
¹�½~¼TØ�¹�ÇD»QÄnØ0Â�½~²�»Q¼QÂ�Ø0½~¼TØ�ÂT²v»,Ö�ÅÈ¼H¹$Ê0Ê9²v¹$Â�»F¼T±0¹$¼Pë`µ5½,ÇÆ¹�»T»T²v» � ¹�Ñ0É � ÌÝ¹�ºÝÑ�Ä�¼sÊ�ÂTÄ`É�Ø0½~²JÇÆ¹$ÂTÜ�²�Ê�±0¹�»Q²�Ã�¹$Â�ÅÆ¹$¼TÅÈÄnÑ0»
Ó�ÅÈ¼T±�Ô�ÂT²vþ�Ø0²vÑ0½~º�ÙP°P±`Ø0»P¼T±�²v»T²7»QÄnØ�Â�½~²v»�ÌÝ¹�º�Á9²7¹�½,½~²,Ê0¼T¹$Á�ÇÆ²RÔ�Ä�Â�¼T±�²7Ü�²,Ä`É0²,¼TÅÆ½RÄ�ÁD»Q²,ÂTÃ$¹$¼TÅÈÄnÑ0»,ÙJ¿�Ô5½~ÄnØ�Â�»T²7¹
Çá¹$ÂTÜ�²,ÂJ»Q¼TØ0É0º´ÅÆ»PÑ0²,²vÉ�²vÉ�¼QÄÍ»Q²,²7ÅÈÔ#¼T±�²7½~ÄnÑ0½,ÇÆØ0»TÅÆÄnÑ�ÅÆ»;»TØ�Ê0Ê9Ä�ÂT¼Q²vÉêÓ�±�²vÑêÁ9²,¼Q¼Q²,ÂJ»Q¼T¹$¼TÅÆ»Q¼TÅá½,»J¹$ÂT²à²v»Q¼T¹$ÁDÇÆÅÆ»T±�²vÉ=Ù
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µ�Ñ�¼T±�²hØ0Ê9½~ÄnÌÍÅÆÑ�Ü�º�²v¹$ÂBÓs²´ÓJÅÆÇÆÇX½~ÄnÑ¡¼TÅÆÑ`Ø�²hÅÆÑ¡Ã�²v»T¼TÅÈÜn¹$¼TÅÈÄnÑ§Ä�ÔP¼T±�²ÍÊ9Ä�¼Q²vÑ�¼TÅÆ¹�ÇXÅáÌÛÊ0ÂTÄ Ã�²vÌÛ²vÑ¡¼T»[¼T±0¹$¼[½,¹�Ñ
Á9²hÄ�Á0¼T¹�ÅÆÑ�²vÉ¦ÅÆÑö¼T±�²êÜ�²,Ä�É�²,¼TÅÆ½hÂT²v»TØ�ÇÈ¼T»[Á�ºöÅÆÑ0½~Ä�ÂTÊ9Ä�Â�¹$¼TÅÆÑ0Ü¶¹$¼TÌÛÄn»QÊD±�²,Â�ÅÆ½´²L\+²v½~¼T»Í¹�»Û½,¹�ÇÆ½,Ø0ÇÆ¹$¼Q²vÉ¦Ô�ÂTÄnÌ ¼T±�²
³Ð³�Î¤é�Ø0ÌÛ²,Â�Åá½,¹�Ç5ã�²v¹$¼T±�²,ÂÛ³¤Ä�É�²vÇXÓJÅÈ¼T±�¹¶»TÌÝ¹�ÇÆÇX±�Ä�Â�ÅÈæ,ÄnÑ�¼T¹�ÇXÜ�Â�ÅÆÉâ»QÊ�¹�½,ÅáÑ�Ü�Ö�¹�»7ÓH²vÇÆÇX¹�»[½~ÄnÑ¡¼TÅáÑ�Ø0ÅáÑ�Ü�¼T±�²
Þ�ß#ÕHµ � Ï � ÏÍ»TÅáÌ7Ø0Çá¹$¼TÅÈÄnÑ0»,Ù
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