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(YROXWLRQ�RI $SRSKLV�2UELW�IRU ���� <HDUV DQG
1HZ 6SDFH 7DUJHWV

-� -��6PXOVN\���<D��-��6PXOVN\�
� ,QVWLWXWH�RI�(DUWK
V�&U\RVSKHUH�RI�6%�5$6� 7\XPHQ� 5XVVLD
� ,QVWLWXWH�RI�7KHUPRSK\VLFV�RI�6%�5$6��1RYRVLELUVN��5XVVLD

$EVWUDFW� $V� D� UHVXOW� RI� WKH� DQDO\VLV� RI� SXEOLFDWLRQV� LW� LV�
HVWDEOLVKHG� WKDW� XQFHUWDLQW\� RI� WUDMHFWRULHV� RI�$SRSKLV DUH� FDXVHG� E\�
LPSHUIHFWLRQ� RI� PHWKRGV� RI� LWV� GHWHUPLQDWLRQ�� 7KH� GLIIHUHQWLDO�
HTXDWLRQV� RI PRWLRQ� RI�$SRSKLV�� SODQHWV� WKH�0RRQ� DQG� WKH� 6XQ DUH�
LQWHJUDWHG�E\ QHZ�QXPHULFDO�PHWKRG�DQG�WKH�HYROXWLRQ�RI�WKH DVWHURLG�
RUELW�LV�LQYHVWLJDWHG��7KH�$SRSKLV ZLOO�SDVV�E\ WKH�(DUWK�DW�D GLVWDQFH�
RI�����LWV�UDGLL RQ�$SULO ��WK������� ,W�ZLOO�EH�LWV�FORVHVW DSSURDFK�ZLWK�
WKH� (DUWK� GXULQJ QH[W� ���� \HDUV��$� SRVVLELOLW\� RI WUDQVIRUPDWLRQ� RI�
$SRSKLV RUELW�WR�DQ�RUELW�RI WKH (DUWK¶V�VDWHOOLWH� ZKLFK�FDQ�EH�XVHG�IRU�
YDULRXV�WDVNV� LV�FRQVLGHUHG�

,W�LV�NQRZQ�IURP�WKH�SXEOLFDWLRQV� �VHH�IRU�H[DPSOH�>�@��WKDW�WKH�DVWHURLG�
$SRSKLV ZLOO�SDVV� RQ $SULO���������� E\ WKH�(DUWK�DW�D�GLVWDQFH� ZKLFK�FDQ�
YDU\�LQ�D�UDQJH�IURP������WR�����LWV�UDGL L� %HFDXVH�RI�HVVHQWLDO�FKDQJH�RI� WKH
$SRSKLV� RUELW� WKH� IXUWKHU� SUHGLFWLRQ� RI� LWV� PRWLRQ EHFRPHV� LPSRVVLEOH�
+RZHYHU�WKHUH�LV�VRPH�SUREDELOLW\�RI�LWV� HQFRXQWHU ZLWK�WKH�(DUWK�LQ������

:H�KDYH�DQDO\]HG�SDSHUV�>�� �@�DQG�KDYH�HVWDEOLVKHG WKDW�XQFHUWDLQWLHV
RI� WKH� $SRSKLV� WUDMHFWRU\� DUH� FDXVHG� E\� LPSHUIHFWLRQ� RI� PHWKRGV� RI� LWV�
FRPSXWLQJ� :H�KDYH�GHYHORSHG� >�@ D�QHZ�PHWKRG�IRU�LQWHJUDWLRQ�RI�WKH�QRW�
VLPSOLILHG�GLIIHUHQWLDO�HTXDWLRQV�RI�LQWHUDFWLRQ�RI�DVWHURLG��6XQ��SODQHWV�DQG�
0RRQ�XQGHU�WKH�1HZWRQ�ODZ�RI�JUDYLWDWLRQ��ZKLFK�DUH�
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ZKHUH� LU& LV� UDGLXV�YHFWRU�RI� D�ERG\�ZLWK�PDVV� LP UHODWLYHO\�6RODU�6\VWHP�
EDU\FHQWHU�� * LV� JUDYLWDWLRQDO� FRQVWDQW�� LNU& LV� YHFWRU� NL UU && � DQG� ULN LV� LWV�
PRGXOH� Q  ����

$V� D� UHVXOW� RI� QXPHULFDO� H[SHULPHQWV� DQG� WKHLU� DQDO\VLV�ZH�FDPH� WR D�
FRQFOXVLRQ�� WKDW� ILQLWH�GLIIHUHQFH� PHWKRGV� RI� LQWHJUDWLRQ� GR� QRW� SURYLGH�
QHFHVVDU\�DFFXUDF\��)RU�WKH�LQWHJUDWLRQ�RI�HTXDWLRQV�����ZH�KDYH�GHYHORSHG�
DOJRULWKP� DQG� SURJUDP� �*DODFWLFD��� 7KH� PHDQLQJ� RI� IXQFWLRQ� DW� WKH�
IROORZLQJ�PRPHQW�RI� WLPH� W W� ��'W LV�GHWHUPLQHG ZLWK� WKH�KHOS�RI�7DLORU�
VHULHV��ZKLFK��IRU�H[DPSOH��IRU�FRRUGLQDWH� [ ORRNV�OLNH�
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ZKHUH�[��N� LV�GHULYDWLYH�RI�N RUGHU�DW�WKH�LQLWLDO�PRPHQW�W��
7KH� PHDQLQJ� RI� YHORFLW\� [¶ LV� GHILQHG� E\� WKH� VLPLODU� IRUPXOD�� DQG�

DFFHOHUDWLRQ� [�¶¶ E\� WKH� IRUPXOD� �����+LJKHU�GHULYDWLYHV [��N� DUH�GHWHUPLQHG�
DQDO\WLFDOO\�DV�D�UHVXOW�RI�GLIIHUHQWLDWLRQ�RI�WKH�HTXDWLRQV������7KH�FDOFXODWLRQ�
DOJRULWKP�RI�WKH�VL[WK�RUGHU�LV�QRZ�XVHG��L�H�� ZLWK . ���7KH�PDVV�RI�ERGLHV��
DQG�DOVR� WKHLU� LQLWLDO�FRRUGLQDWHV�DQG�YHORFLWLHV� RQ WKH HSRFK�RI�1RYHPEHU�
�����������DUH�JLYHQ�RQ�D�VLWH��KWWS���ZZZ�LN]�UX�aVPXOVNL�'DWD�2UEW'DWD� LQ�
D�IROGHU�$V$SRSKV��DQG�WKHLU�GHVFULSWLRQ�LV�LQ�D�ILOH�5HDG0H25(Q�SGI�

%\ WKLV�QXPHULFDO�PHWKRG�ZH�KDYH�LQWHJUDWHG�WKH�GLIIHUHQWLDO�HTXDWLRQV
��� RI� PRWLRQ� RI� $SRSKLV�� WKH� PDMRU� SODQHWV�� WKH�0RRQ� DQG� WKH� 6XQ� DQG�
LQYHVWLJDWHG�HYROXWLRQ�RI�WKH�DVWHURLG� RUELW��2Q�$SULO����������$SRSKLV�ZLOO�
SDVV�DW�D�GLVWDQFH�5PLQ  �������NP�IURP�WKH�(DUWK�FHQWUH�DQG�GXULQJ�WKH�QH[W�
���� \HDUV WKHUH�ZLOO�QRW�EH�VR�FORVH�DSSURDFKHV�RI�WKH�DVWHURLG�ZLWK�SODQHWV�

7KH�PLQLPXP�GLVWDQFHV 5PLQ RI�WKH DVWHURLG�IURP SODQHWV�DQG�WKH�0RRQ�
ZHUH GHWHUPLQHG�IRU�D�QXPEHU�RI VXFFHVVLYH�LQWHUYDOV�RI�WLPH�RI�'7 GXUDWLRQ
HDFK�� 7KH� UHVHDUFKHV KDYH� EHHQ� H[HFXWHG� RYHU WKUHH� WLPH� VSDQV�� �� ·� ����
\HDUV��)LJ� �D�����· ±����\HDUV��)LJ� �E��DQG���·�������\HDUV��)LJ� �F��

2Q� )LJ� �� WKH� SRLQWV� FRQQHFWHG� E\� D� EURNHQ� OLQH�� JLYH WKH� PLQLPDO�
GLVWDQFHV�5PLQ RI�DVWHURLG�IURP ERGLHV��ZKLFK�DUH�PDUNHG�E\�SRLQWV� XQLWHG E\�
D�KRUL]RQWDO�OLQH��7KDW�LV��WKH�RUGLQDWH�RI�D�SRLQW�LQ WKH EURNHQ�OLQH�LV�HTXDO�WR
WKH�PLQLPXP�GLVWDQFH DWWDLQHG�E\�WKH�DVWHURLG� GXULQJ WLPH�LQWHUYDO '7  ���
\HDU IURP� D�ERG\�ZKLFK�LV�QRWHG�E\�D�SRLQW� LQ D�KRUL]RQWDO�OLQH�DW WKH�VDPH�
PRPHQW�

$V�WKH )LJ���D VKRZV� VLQFH 1RYHPEHU �����������GXULQJ ����\HDUV WKHUH
ZLOO�EH�RQO\�RQH�YHU\�FORVH DSSURDFK ZLWK�WKH�(DUWK��SRLQW�$��DW�WKH�LQVWDQFH
7$  � ������������������ FHQWXULHV� �RQ $SULO ���� ������ ��K��P��V RI

http://www.ikz.ru/~smulski/Data/OrbtData/
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*UHHQZLFK�WLPH�� XS�WR�D GLVWDQFH�5PLQ$  ���������NP��7KH�IROORZLQJ FORVH
DSSURDFK �SRLQW� %�� ZLOO� EH� DOVR� ZLWK� WKH� (DUWK�� EXW� DW� WKH� LQVWDQFH� 7%  �
������������������FHQWXULHV� �RQ�$SULO����������� XS� WR�D GLVWDQFH�5PLQ%  �
�������NP��ZKLFK LV ���WLPHV�JUHDWHU DV�FRPSDUHG�ZLWK�WKH� GLVWDQFH�RI�WKH�
ILUVW�DSSURDFK��$V�WR�WKH RWKHU�ERGLHV� WKH�FORVHVW�DSSURDFK ZLOO�EH RQO\�ZLWK�
WKH�0RRQ��SRLQW '���VHH )LJ� �E��DW�WKH�LQVWDQFH 7'  �������������������
FHQWXULHV�XS�WR�D GLVWDQFH�5PLQ'  ��������NP�

)LJ�����$SRSKLV¶�PLQLPXP�GLVWDQFH�5PLQ �LQ�NLORPHWHUV��IRU�VXFFHVVLYH�LQWHUYDOV�RI�
WLPH�RI�'7 GXUDWLRQ ZLWK�FHOHVWLDO�ERGLHV��0DUV��0D���WKH�(DUWK��(D���WKH�0RRQ�

�0R���9HQXV��9H��DQG�0HUFXU\��0H���D DQG�E ± '7  ���\HDU��F ± '7  ����\HDUV��7��
F\U�± WLPH LQ�-XOLDQ�FHQWXULHV�IURP�HSRFK�-'�� ����������� �1RYHPEHU������������



7KH�$VWHURLG�&RPHW�+D]DUG�&RQIHUHQFH�3URFHHGLQJ������

���

)LJ�����7UDMHFWRU\�RI�$SRSKLV ���� LQ�D�JHRFHQWULF�HTXDWRULDO� IUDPH�[U\U��$S� DQG�
$SI ± LQLWLDO� DQG�ILQDO SRLQWV�RI� WKH $SRSKLV WUDMHFWRU\��$SH ± WKH SRLQW�RI�$SRSKLV
PLQLPXP�GLVWDQFH WR WKH�(DUWK��D ± LQ�XVXDO� VFDOH� E � LQ� WKH�HQODUJHG VFDOH DW� WKH�
PRPHQW� RI�$SRSKLV DSSURDFK ZLWK� WKH� (DUWK� ����� ��± SRVLWLRQ RI�$SRSKLV DW� WKH�
PRPHQW� RI� LWV� DSSURDFK ZLWK� WKH� (DUWK� DIWHU� FRUUHFWLRQ� RI� LWV� WUDMHFWRU\� ZLWK�
FRHIILFLHQW� RI� UHGXFWLRQ� RI� YHORFLW\� N  � �������� FRRUGLQDWHV�[U DQG�\U DUH JLYHQ� LQ�
$8�

:KHQ� WKH� HTXDWLRQV� RI� PRWLRQ� ���� ZHUH LQWHJUDWHG� GXULQJ ����� \HDUV�
LQWHUYDO��VHH�)LJ� �F�� WKH�PLQLPXP�DSSURDFK�GLVWDQFHV RI�WKH DVWHURLG�ZLWK�
ERGLHV� ZHUH� FRXQWHG� HYHU\ ��� \HDUV�� ,Q� VR� GRLQJ� ZH� GR� QRW VKRZ� WKH
DSSURDFKHV ZLWK�0HUFXU\ DQG�0DUV�DV�DSSURDFKHV�WR�RWKHU�ERGLHV�DUH�PRUH�
FORVH��7KHUH�LV�DQ DSSURDFK ZLWK�WKH�(DUWK DW�WKH� LQVWDQFH 7$ ZKLFK�FDQ�EH�
VHHQ� DV� ZHOO� RQ� )LJ� �D� 7KH� VHFRQG FORVH DSSURDFK DOVR� RFFXUV� ZLWK WKH�
(DUWK� �SRLQW ?� DW� WKH� LQVWDQFH 7(  � ��������� FHQWXULHV� �RQ 2FWREHU� ����
������XS�WR�D GLVWDQFH�5PLQ(  ���������NP��L�H��DW WKH�GLVWDQFH�IURP�WKH�(DUWK��
ZKLFK�LV DOPRVW�WZLFH�PRUH WKDQ�DW�WKH�PRPHQW 7$�
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6R�� RQ�$SULO� ���� �����$SRSKLV�ZLOO� SDVV� E\� WKH�(DUWK ������NP DSDUW
IURP�LWV�FHQWUH�DQG�LQ�WKH�QHDUHVW�RQH�WKRXVDQG�\HDUV� VXFK�FORVH DSSURDFKHV�
WR� WKH� (DUWK� ZLOO� QRW� KDSSHQ DQ\PRUH�� 7KHUHIRUH� WKDQNV� WR� D� KDSS\�
RSSRUWXQLW\��WKH SRVVLELOLW\�WR�WUDQVPXWH�$SRSKLV�LQ WR�D VDWHOOLWH RI�WKH�(DUWK�
DQG� WKHQ� LQWR� D PDQQHG� VWDWLRQ� UHSUHVHQWV� WKH� FRQVLGHUDEOH� LQWHUHVW��2WKHU�
DSSOLFDWLRQV�RI�VXFK�VDWHOOLWH DUH DOVR SRVVLEOH��,W�FDQ�IRUP�D�EDVH IRU�D VSDFH�
OLIW��,W�FDQ�EH�XVHG�DV��VKXWWOH�� IRU GHOLYHU\�RI�ORDGV�WR�WKH�0RRQ��,Q�WKLV�FDVH�
WKH� VDWHOOLWH VKRXOG� KDYH� WKH� HORQJDWH RUELW� ZLWK� SHULJHH� GLVWDQFH FORVH� WR�
UDGLXV�RI�D�JHRVWDWLRQDU\�RUELW�DQG�WKH�DSRJHH� GLVWDQFH�ZKLFK�LV�FRPLQJ�QHDU�
WR�GLVWDQFH RI�WKH�SHULJHH�RI�WKH�0RRQ RUELW��7KHQ�ORDGV�IURP�D�JHRVWDWLRQDU\�
RUELW�ZRXOG�EH�VKLIWHG�WR DQ�$SRSKLV�VDWHOOLWH�LQ�SHULJHH DQG�WKHQ� LQ�DSRJHH�
WKHVH� ORDGV� FRXOG� EH� GHOLYHUHG� WR� WKH�0RRQ�� 7KH� ODVW� WZR�DSSOLFDWLRQV� DUH�
SRVVLEOH��LI�WKH�VDWHOOLWH PRWLRQ�FRLQFLGHV�LQ�WKH GLUHFWLRQ�ZLWK�(DUWK URWDWLRQ�
DQG�WKH�0RRQ�PRWLRQ�

2Q�)LJ� �D WKH WUDMHFWRU\�RI�$SRSKLV UHODWLYHO\�WR WKH�(DUWK�IRU�WZR�\HDUV�
LV VKRZQ��$SRSKLV PRYHV�RQ�WKH WUDMHFWRU\�� IURP�SRLQW $S� WR�SRLQW�$S���$W�
SRLQW�$SH LW� DSSURDFKHV� WR WKH�(DUWK��DQG� WKH�SRLQW $SI LV� ILQDO�SRLQW�RI� LWV�
WUDMHFWRU\� 7KH�ORRSV�RI $SRSKLV WUDMHFWRU\�UHSUHVHQW�LWV�UHWXUQDEOH�PRWLRQV�
UHODWLYHO\ WKH�(DUWK��7KH�IUDFWXUH�RI� WKH $SRSKLV WUDMHFWRU\�QHDUO\ SRLQW�$SH
LV� VKRZQ� LQ� D� ODUJH VFDOH RQ� )LJ� �E�� � 7KH� RULJLQ� RI� FRRUGLQDWHV� �SRLQW ���
FRLQFLGHV� ZLWK� WKH� (DUWK�� 7KH� 6XQ� LV� ORFDWHG� LQ� WKH� XSSHU� ULJKW� TXDGUDQW��
9HORFLW\� RI� WKH DVWHURLG� UHODWLYHO\� WR WKH�(DUWK� LQ� SRLQW�$SH LV� HTXDO� Y$(  �
�����NP�V��9HORFLW\�RI�WKH�(DUWK¶V�VDWHOOLWH LQ�D�FLUFXODU�RUELW�ZLWK�UDGLXV 5PLQ
LV� HTXDO� YF(  � ���� NP�V�� 7R� WUDQVPXWH� WKH DVWHURLG� LQWR� D VDWHOOLWH LW� LV�
QHFHVVDU\� WR� VORZ� GRZQ LWV� YHORFLW\ Y$( WR� YF(�� $W� UHGXFWLRQ� RI� $SRSKLV
YHORFLW\� LQ� SRLQW� $SH LW� ZRXOG� EH WUDQVIRUPHG LQWR� WKH� (DUWK¶V� VDWHOOLWH��
KRZHYHU�LQWR�D VDWHOOLWH ZLWK�UHWURJUDGH�PRWLRQ�

,I�$SRSKLV �VHH�)LJ� �E� ZLOO�SDVV�E\ WKH�(DUWK� WKH�RWKHU�VLGH� �VHH�SRLQW
��� WKHQ� DW� UHGXFWLRQ� RI� LWV�YHORFLW\� LW� ZRXOG EH� WUDQVPXWHG� LQWR� D VDWHOOLWH
ZLWK� SURJUDGH� PRWLRQ�� )RU WKH� SXUSRVH� RI� QXPHULFDO� H[SHULPHQW� W KH�
HTXDWLRQV� ���� KDYH� EHHQ� LQWHJUDWHG� DW� YDULDWLRQ� RI� WKH� DVWHURLG� YHORFLW\� LQ�
SRLQW :S��� ,Q� WKH� H[SHULPHQW� WKH� YHORFLW\� FRPSRQHQWV ZHUH SURSRUWLRQDOO\�
FKDQJHG�E\ WKH�VDPH IDFWRU��L�H��WKH\�ZHUH�PXOWLSOLHG�E\�FRHIILFLHQW� N� $V�D�
UHVXOW� LW�KDV�EHHQ�HVWDEOLVKHG�WKDW�DW�UHGXFWLRQ�RI�YHORFLW\�WKH�DVWHURLG�VWDUWV�
WR DSSURDFK PRUH FORVHO\� WR� WKH� (DUWK� DQG� DW� N  � ���������� $SRSKLV�
HQFRXQWHUV�ZLWK�WKH�(DUWK��2Q�IDUWKHU�UHGXFWLRQ�RI�YHORFLW\� RI�WKH�DVWHURLG�LW�
DSSURDFKHV� WKH� (DUWK� IURP� WKH� RWKHU� VLGH� RI� WKH� JOREH� DQG� DW� N  �������
DVWHURLG�SDVV�E\�WKH�(DUWK�DW�D OPRVW�WKH�VDPH�GLVWDQFH�5PLQ�

,Q� WKLV� FDVH� WKH� DVWHURLG� YHORFLW\� UHODWLYH WR WKH�(DUWK� DOVR LV� HTXDO Y$(
 �����NP�V� :LWK�LWV UHGXFWLRQ E\ ����WLPHV�WKH�$SRSKLV LV WUDQVPXWHG�LQWR�
WKH�(DUWK¶V�VDWHOOLWH ZLWK�WKH VWHDG\ RUELW�DQG�ZLWK�UHYROXWLRQ�SHULRG�RI�������
GD\V�
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6R�� WR� WUDQVIRUP $SRSKLV LQWR� D VDWHOOLWH ZLWK� GLUHFW UHYROXWLRQ LW� LV�
QHFHVVDU\�WR�UHGXFH�LWV�YHORFLW\�E\������P�V ������\HDUV�SULRU�WR�DSSURDFK RI�
$SRSKLV ZLWK� WKH�(DUWK�� DQG� DW� DSSURDFK�ZLWK� WKH�(DUWK� LW� LV� QHFHVVDU\� WR�
UHGXFH�LW�E\�����NP�V�

7KH�UHGXFWLRQ�RI�YHORFLW\ E\�����NP�V RI�D�ERG\�RI PDVV����PLOOLRQ�WRQHV�
UHSUHVHQWV�QRZ�D�VHULRXV�VFLHQWLILF�DQG� WHFKQLFDO�SUR EOHP��%XW DKHDG� LV ���
\HDUV�DQG�H[SHULHQFH�RI� FUHDWLRQ RI�WKH�ILUVW�(DUWK�DUWLILFLDO� VDWHOOLWH WHVWLILHV�
WKDW� LI� VRFLHW\� LV� FRQIURQWHG� ZLWK� VXFK� DLP�� LW� ZLOO� EH� VXFFHVVIXOO\�
DFFRPSOLVKHG�
5HIHUHQFHV

�� *HRUJLQL�-�'���%HQQHU�/�$�0���2VWUR�6�,���1RODQ�+�&���%XVFK�0�:�
3UHGLFWLQJ�WKH�(DUWK�HQFRXQWHUV�RI���������$SRSKLV����,FDUXV�������
9� �����3��������

�� 6RNRORY� /�� /�� �� %DVKDNRY� $�� $�� �� 3LW
HY� 1�� 3�� 2� YR]PR]KQ\NK�
VEOL]KHQLMDNK� $&=� ������ $SRILV� V� =HPOHM� ��� 2NROR]HPQDMD�
DVWURQRPLMD� ����� 0DWHULDO\� PH]KGXQDURGQRM� NRQIHUHQ WVLL� ����
VHQWMDEUMD� ����� J�� 7HUVNRO�� 0H]KGXQDURGQ\M� FHQWU�
$VWURQRPLFKHVNLNK� L� PHGLNR�HNRORJLFKHVNLNK� LVVOHGRYDQLM�
1DFLRQDO
QRM� DNDGHPLL� QDXN� 8NUDLQ\� L� ,QVWLWXW� DVWURQRPLL� 5$1���
1DO
FKLN�� �����J�� 3����� � ���� �2Q� WKH�SRVVLEOH�DSSURDFKHV�RI�1($�
������$SRSKLV�ZLWK WKH�(DUWKV����LQ�5XVVLDQ��

�� 6PLUQRY� (�� $� 6RYUHPHQQ\H� FKLVOHQQ\H� PHWRG\� LQWHJULURYDQLMD�
XUDYQHQLM� GYL]KHQLMD� DVWHURLGRY�� VEOL]KDMXVKFKLKVMD� V� =HPOHM� ���
,ELGHP�� 3�� ������� �0RGHUQ� QXPHULFDO� PHWKRGV� RI� LQWHJUDWLRQ� RI�
HTXDWLRQV�RI�PRWLRQ�RI�WKH�DVWHURLGV�DSSURDFKLQJ�ZLWK�WKH�(DUWK����LQ�
5XVVLDQ�

�� %\NRYD�/�(��*DOXVKLQD�7�-X� (YROMXFLMD�YHURMDWQRM�REODVWL�GYL]KHQLMD�
DVWHURLGD�������$SRILV����,ELGHP���3������ �����(YROXWLRQ�RI�SUREDEOH�
DUHDV RI�D�PRWLRQ�RI�WKH�DVWHURLG�RI�������$SRSKLV��� �LQ�5XVVLDQ��

�� 6PXOVN\� -�-� 2SWLPLVDWLRQ�RI� D�SDVVLYH�RUELW�ZLWK� WKH�KHOS�JUDYLW\ �
DVVLVW�PDQHXYHU��� .RVPLFKHVNLH�,VVOHGRYDQL\D��������9� ����� ��
3���������� �,Q�5XVVLDQ��KWWS���ZZZ�LN]�UX�aVPXOVNL�3DSHUV�.26�����SGI�
6PXOVN\ -�-��2SWLPL]DWLRQ�RI�3DVVLYH�2UELW�ZLWK�WKH�8VH�RI�*UDYLW\�
0DQHXYHU��� &RVPLF�5HVHDUFK��������9RO������� ����3� ���±������,Q
(QJOLVK��KWWS���ZZZ�LN]�UX�aVPXOVNL�3DSHUV �&265����3')�
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http://www.ikz.ru/~smulski/Papers/KOS0484.pdf

