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6SKHULFDO� WRNDPDN� */2%86�0� ZDV� FRQVWUXFWHG� IRU� LQYHVWLJDWLRQ� RI� YHUWLFDOO\
HORQJDWHG�SODVPD�FRQILJXUDWLRQV�ZLWK�D�ORZ�DVSHFW�UDWLR�$�a ����DQG�DQ�HORQJDWLRQ�N a ����
:KLOH�GHVLJQLQJ�RI�*/2%86�0�WKH�FRQVLGHUDEOH�DWWHQWLRQ�KDV�EHHQ�JLYHQ�WR��WKH�SUREOHP
RI� SODVPD� YHUWLFDO� SRVLWLRQ� FRQWURO� EHFDXVH� RI� WKH� VWURQJ� HORQJDWHG� SODVPD� DQG� VPDOO
WKLFNQHVV� RI� YDFXXP� YHVVHO�� &DUULHG� RXW� VWXGLHV� KDV� VKRZQ� WKH� JURZWK� WLPH� RI� YHUWLFDO
LQVWDELOLW\� LV� DERXW� �� PV�� 7KHUHIRUH� DFWLYH� IHHGEDFN� FRQWURO� LV� UHTXLUHG� WR� VWDELOL]H� WKH
SODVPD�YHUWLFDO�SRVLWLRQ�GXULQJ�WKH�WLPH�RI�SODVPD�GLVFKDUJH�

7KH� SRORLGDO� FRLOV� V\VWHP� RI� */2%86�0� DQG� LWV� SODVPD� FRQILJXUDWLRQ� DUH� XS�GRZQ
V\PPHWULF�� &RQVHTXHQWO\� V\VWHP� RI� YHUWLFDO� SODVPD� SRVLWLRQ� FRQWURO� IRU� */2%86�0
GHYLFH�FDQ�EH�FRQVLGHUHG�VHSDUDWHO\� IURP�D�JHQHUDO�SUREOHP�RI�SODVPD�VKDSH�FRQWURO��7KH
JRDO� RI� WKLV�ZRUN� LV� WR� VLPXODWH� WKH� SODVPD� GLVFKDUJH� LQ� WKH�*/2%86�0� WRNDPDN�XVLQJ
FRGH�',1$�DQG�UHDO�FRQWURO�DOJRULWKP�RI�WKH�DFWXDWRU�RI�WKH�YHUWLFDO�SODVPD�SRVLWLRQ�FRQWURO
V\VWHP�

7KH�DFWXDWRU�RI�WKH�YHUWLFDO�SODVPD�SRVLWLRQ�FRQWURO�V\VWHP�RI�*/2%86�0�WRNDPDN�LV
FRQVWUXFWHG� RQ� WKH� EDVH� RI� FRQWUROODEOH� WK\ULVWRU� FXUUHQW� LQYHUWHU� >�@�� ,W¶V� KLJK�PD[LPXP
DYDLODEOH�VZLWFKLQJ�IUHTXHQF\�WRJHWKHU�ZLWK�WULDQJXODU�ZDYHIRUP�RI�RXWSXW�YROWDJH��DSSOLHG
WR�HTXLOLEULXP�FRLO��+)&���DOORZV�WR�VWDELOL]H�VWURQJ�HORQJDWHG�SODVPD�ZLWK�KLJK�DFFXUDF\
RI�SODVPD�SRVLWLRQ� VWDELOL]DWLRQ��6LPSOLILHG�HOHFWULFDO� VFKHPH�RI�RQH�SKDVH� EULGJH� FXUUHQW
LQYHUWHU� LV� UHSUHVHQWHG� RQ�)LJ����$� FXUUHQW� LQYHUWHU� RSHUDWLRQ�PRGH� DOORZLQJ� WR� FRQWURO� D
FXUUHQW�LQ�WKH�HTXLOLEULXP�FRLO�FDQ�EH�H[SODLQHG�DV�IROORZV��7KH�LQGXFWDQFH�/6 WRJHWKHU�ZLWK
YROWDJH�VRXUFH�8� FDQ�EH�FRQVLGHUHG�DV�FXUUHQW�VRXUFH�,6�� ,QGXFWDQFH�/+)& PHDQV�WKH�ORDG
RI� FXUUHQW� LQYHUWHU�HTXLOLEULXP� FRLO� +)&�� 6XSSRVH�� WKDW� D� FXUUHQW� ,6 LV� DOUHDG\� IORZLQJ
WKURXJK�WKH�LQGXFWDQFH�/6 DQG�WKH�WK\ULVWRUV�96���96��DUH�LQ�FRQGXFWLQJ�VWDWH��&DSDFLWRU�&
LV�FKDUJHG�E\�FXUUHQW�,& ,6�,+)&��9ROWDJH�8�RQ�FDSDFLWRU�&�LV�LQFUHDVHG��DQG�ZKHQ�LW�UHDFKHV
VRPH�SRVLWLYH���LQ�DFFRUGDQFH�ZLWK�)LJ����YDOXH��WK\ULVWRUV�96���96��DUH�VZLWFKHG�RQ��6LQFH
UHYHUVH�YROWDJH�LV�DSSOLHG�QRZ�WR�WK\ULVWRUV�96���96���WKH\�DUH�FORVHG��VZLWFKHG�RII���DQG
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FDSDFLWRU�&�EHJLQV�UHFKDUJLQJ�E\�FXUUHQW��,&  ����,6 ��,+)&���:KHQ�YROWDJH�8�RQ�FDSDFLWRU�&
UHDFKHV� VRPH� QHJDWLYH� YDOXH�� WK\ULVWRUV� 96��� 96�� DUH� VZLWFKHG� RQ� DJDLQ�� 1RZ� UHYHUVH
YROWDJH� LV� DSSOLHG� WR� WK\ULVWRUV� 96��� 96��� )XUWKHU� WKLV� SURFHVV� LV� UHSHDWHG�� &KRRVLQJ
SURSHUO\�WKH�OHYHOV�RI�YROWDJH�8��DW�ZKLFK�VZLWFKLQJ�RI�FXUUHQW�LQYHUWHU�WDNHV�SODFH��RQH�FDQ
YDU\�YROWDJH�DYHUDJHG�IRU�D�SHULRG�RI�DXWR�RVFLOODWLRQV���DQG�WR�FRQWURO�FXUUHQW� ,+)& LQ�WKLV
FRLO�
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)LJ�����7KH�HOHFWULFDO�VFKHPH�RI�RQH�SKDVH�EULGJH�FXUUHQW�LQYHUWHU�
8VXDOO\� WKH� WHVW� RI� FRQWURO� V\VWHP� LV� FDUULHG� RXW� XVLQJ� VLPSOLILHG� OLQHDU� PRGHOV� RI

SODVPD�GLVSODFHPHQWV��,Q�WKH�IUDPH�RI�',1$�6LPXOLQN�FRQFHSW�>�@�WKH�PRGHO�IRU�WHVWLQJ�RI
YHUWLFDO�FRQWURO�V\VWHP�RI�*/2%86�0�ZDV�GHYHORSHG���$V�UHJDUGV�DFWXDWRU�RI�WKH�FRQWURO
V\VWHP��LWV�6LPXOLQN
V�VXEV\VWHP�ZDV�GHYHORSHG�DQG�VKRZQ�LQ�)LJ����

)LJ�����6LPXOLQN�VXEV\VWHP�RI�WKH�DFWXDWRU�
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$QRWKHU� =�FRQWUROOHU� VXEV\VWHP� XVHV� WKH� QRUPDOL]HG� GLIIHUHQFH� RI� SRORLGDO� IOX[HV�<
IURP� ORRSV� ORFDWHG�XS�GRZQ� V\PPHWULFDOO\� RXWVLGH� RI� YDFXXP�YHVVHO� WR� IRUP� WKH� FRQWURO
YROWDJH�8FRQW�{8� ZKLFK�LV�WKH�LQSXW�GULYLQJ�VLJQDO�IRU�DFWXDWRU��7KH�=�FRQWUROOHU�VXEV\VWHP
VKRZQ�LQ�)LJ����LV�XVHG�DV�IHHGEDFN�ORRS�IRU�FRQWURO�V\VWHP��7R�FDOFXODWH�GULYLQJ�YROWDJH�D
VLPSOH�3'�DOJRULWKP� �� HHD ����� 78 FRQWU LV�DSSOLHG��+HUH�PDJQLWXGH�H LV�VXSSRVHG�WR�EH
HTXDO� WR� �=PDJ�� =UHI��� 7KH� =PDJ LV� SURSRUWLRQDO� WR� VLJQDO� '<�,S GHILQHG� DV� >�<���<����
�<���<���@�,S��WKH�SRORLGDO�IOX[�YDOXHV�<����<����<����<�� YDOXHV�DUH�REWDLQHG�IURP�',1$
EORFN�

)LJ�����6LPXOLQN�VXEV\VWHP�IRU�=�FRQWUROOHU�VLPXODWLRQ�
2EYLRXVO\� WKH� UHTXLUHPHQWV� IRU� D� UHDO�WLPH� FRQWURO� V\VWHPV� IRU� UDGLDO� SRVLWLRQ� DQG

SODVPD�FXUUHQW�DUH�OHVV�FUXHO�EHFDXVH�RI�VWDEOH�EHKDYLRXU�RI�WKHVH�SDUDPHWHUV��$OWKRXJK�WKH
UDGLDO�SRVLWLRQV�DUH�VWDEOH��D�UDGLDO�IHHGEDFN�FRQWURO�LV�UHTXLUHG�WR�NHHS�WKH�SODVPD�SRVLWLRQ
LQVLGH�WKH�YHVVHO��DZD\�IURP�YHVVHO�ZDOO��7KH�H[WHUQDO�3)�FRLOV�DUH�SUH�SURJUDPPHG�ZLWK�D
VSHFLILF� SODVPD� HTXLOLEULXP� HYROXWLRQ� LQ�PLQG��+RZHYHU� DQ\� SHUWXUEDWLRQ� LQ� HTXLOLEULXP
SURSHUWLHV�ZLOO� OHDG� WR�SODVPD�SRVLWLRQ�DQG�VKDSH� FKDQJHV��7KHVH�GHYLDWLRQV� IURP�GHVLUHG
YDOXHV� DUH� FRUUHFWHG�ZLWK� WKH� VKDSH� FRQWURO� V\VWHP��)DVWHU� WLPH� VFDOH� FRUUHFWLRQ� RI� UDGLDO
SRVLWLRQ� LV� SURYLGHG� E\�9)&� FRLOV� GULYHQ� E\� 3'� IHHGEDFN� WHUPV� RI� JDLQV� REWDLQHG� IURP
',1$�� 7KH� HGG\� FXUUHQWV� LQGXFHG� LQ� YHVVHO� SUHYHQWV� SODVPD� IURP� PRYLQJ� LQWR� LQERDUG
YHVVHO�ZDOO��3ODVPD�FXUUHQW�FRQWURO�ZDV�DEVHQW�DQG�PDJQLWXGH�RI�SODVPD�FXUUHQW��ZDV�IL[HG
GXULQJ�VLPXODWLRQ���7KH�JHQHUDO�VFKHPH�RI�6LPXOLQN�PRGHO�LV�VKRZQ�LQ�)LJ�����7KH�REWDLQHG
UHVXOWV�VKRZQ�LQ�)LJ������GHPRQVWUDWH�WKH�SRVVLELOLWLHV�WR�XVH�=�DQG�5�FRQWUROOHUV�EDVHG�RQ
WK\ULVWRU�FXUUHQW�LQYHUWHU�WR�NHHS�YHUWLFDO�SRVLWLRQ�RQ�=PDJ  � LQW

UHI=  ����P IRU�RQ�ILUVW�KDOI�RI
VLPXODWLRQ�DQG�WR�PRYH�SODVPD�WR�JLYHQ�=PDJ  � ILQ

UHI=  �����P DQG�WR�NHHS�LW�IXUWKHU�LQ�WKLV
SRVLWLRQ�� 7KH� FDUULHG� RXW� VWXG\� KDYH� VKRZQ� UHOLDELOLW\ RI� VXFK� DSSURDFK� IRU� WHVWLQJ� RI
YHUWLFDO�FRQWURO�V\VWHP�IRU�*/2%86�0�E\�QRQ�OLQHDU�SODVPD�FRGH�

31st EPS 2004; V.N.Dokuka et al. : Simulation of vertical plasma position control system of GLOBUS-M tokamak... 3 of 4



)LJ�����*HQHUDO�VFKHPH�IRU�6LPXOLQN�PRGHO�GHYHORSHG�IRU�*/2%86�0�GHYLFH�

)LJ�� ��� 7LPH� WUDMHFWRULHV� RI� WKH� YHUWLFDO� DQG� UDGLDO
SODVPD�SRVLWLRQV��HORQJDWLRQ�DQG�PLQRU�UDGLXV�

)LJ�� ��� 7LPH� WUDMHFWRULHV� RI� WKH� SODVPD� YHUWLFDO
SRVLWLRQ��YROWDJH�DQG�FXUUHQW�LQ�+)&�

�� 9�1�� 6FKHUELWVN\�� 9�$�<DJQRY�� (�$�� .X]QHWVRY�� �$� QHZ� DSSOLFDWLRQ� RI� FXUUHQW
LQYHUWHU���(OHFWURWHFKLND��0RVFRZ��9����������

�� 5�5�� .KD\UXWGLQRY�� -�%�� /LVWHU�� 9�� 'RNXND�� %�3�� 'XYDO�� -�<��)DVHU�� 9�(�� /XNDVK�
'�5DMX�³$Q�2SHQ�$UFKLWHFWXUH�9HUVLRQ�RI�WKH�',1$����'�6LPXODWLRQ�&RGH´����WK (36
&RQIHUHQFH�RQ�&RQWUROOHG�)XVLRQ�DQG�3ODVPD�3K\VLFV��3��������6W��3HWHUVEXUJ��5XVVLD�
-XO\������������
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