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2OHNVLM�/RERN��3K'�SK\V�	PDWK��6FL���%RULV�*RQFKDUHQNR��3URI���'6F��
1DWLRQDO�8QLYHUVLW\�RI�)RRG�7HFKQRORJLHV��.\LY��8NUDLQH�
/DULVD�9LKURYD��3URI���3K'�WHFK��VFL���
&HQWUDO�8NUDLQLDQ�1DWLRQDO�7HFKQLFDO�8QLYHUVLW\�.URS\YQ\WVN\L��8NUDLQH�
0DULQD�6\FK��3K'�WHFK��VFL��
1DWLRQDO�8QLYHUVLW\�RI�%LRUHVRXUFHV�DQG�1DWXUDO�5HVRXUFHV�RI�8NUDLQH��.\LY�

6\QWKHVLV�RI�0RGDO�&RQWURO�RI�0XOWLGLPHQVLRQDO�/LQHDU�
6\VWHPV�8VLQJ�/LQHDU�0DWUL[�,QHTXDOLWLHV�

7KH�SDSHU�JLYHV�D�VROXWLRQ�WR�WKH�SUREOHP�RI�FRQVWUXFWLQJ�PRGDO�UHJXODWRUV�IRU�OLQHDU�PXOWLGLPHQVLRQDO�
V\VWHPV� WKDW� SURYLGH� '�VWDELOLW\� �DV\PSWRWLF� VWDELOLW\�� RI� WKH� FRQWURO� REMHFW�� 7KH� FRQWURO� LV� UHSUHVHQWHG� DV�
UHJXODWRUV�SURYLGLQJ�IHHGEDFN�RQ�WKH�RXWSXW�RI� WKH�FRQWURO�REMHFW��DQG�XVHV�WKH�IXOO�DQG�ORZ�RUGHU�REVHUYHUV�RI�
/XHQEHUJHU��7R�FDOFXODWH� WKH�PDWULFHV�RI� WKH�UHJXODWRUV��ZH�XVH� WKH� WHFKQLTXH�RI� OLQHDU�PDWUL[� LQHTXDOLWLHV�DQG�
JHQHUDOL]H� WKH� /\DSXQRY� VWDELOLW\� FRQFHSW� �'� �� VWDELOLW\��� 7KH� WKHRUHPV� DUH� JLYHQ� ZKLFK� JLYH� QHFHVVDU\� DQG�
VXIILFLHQW�FRQGLWLRQV�IRU�'���VWDELOLW\�RI�WKH�FRQWUROOHG�V\VWHP��

7KH�FRQVWUXFWLYH�VROXWLRQ�RI�WKH�V\QWKHVLV�SUREOHP�'� ��VWDELOL]LQJ��PRGDO��UHJXODWRUV�DFFRUGLQJ�WR�WKH�
PHDVXUHG�RXWSXW�RI� WKH�FRQWURO�REMHFW��EDVHG�RQ� WKH�FRQVWUXFWLRQ�RI�REVHUYHUV�RI� WKH� VWDWH�RI� WKH�REMHFW�RI� WKH�
FRPSOHWH�DQG�UHGXFHG�RUGHU��LV�JLYHQ��7KH�VROXWLRQ�LV�EDVHG�RQ�WKH�XVH�RI�WKH�WKHRU\�RI�OLQHDU�PDWUL[�LQHTXDOLWLHV�
�/0,��� )RU� QXPHULFDO� VLPXODWLRQ� RI� WKH� UHVXOWLQJ� PRGDO� UHJXODWRUV� \RX� FDQ� XVH� HIIHFWLYH� PHWKRGV� RI� FRQYH[�
RSWLPL]DWLRQ�DQG�FRUUHVSRQGLQJ�VRIWZDUH�WKDW� LV�LQFOXGHG�LQ�D�QXPEHU�RI�DSSOLFDWLRQ�SDFNDJHV�� LQ�SDUWLFXODU�� LQ�
WKH�0DW/DE�V\VWHP��,Q�WKLV�SDSHU�ZH�GHVFULEH�PHWKRGV�IRU�VROYLQJ�QRW�RQO\�WKH�GLUHFW�SUREOHP�RI�PRGDO�FRQWURO��
ZKHQ� WKH� FKRLFH� RI� SDUDPHWHUV� RI� D� UHJXODWRU� LV� HQVXUHG� E\� WKH� FRLQFLGHQFH� RI� WKH� URRWV� RI� WKH� FKDUDFWHULVWLF�
HTXDWLRQ�RI�D�FORVHG�V\VWHP�ZLWK�D�SUHGHILQHG�VHW�RI�FRPSOH[�QXPEHUV�ORFDWHG�RQ�WKH�OHIW�VLGH�RI�WKH�FRPSOH[�
SODQH��EXW�DOVR�RWKHU�SUREOHPV�RI�PRGDO�FRQWURO��LQ�ZKLFK�WKH�UHTXLUHPHQW�WKH�H[DFW�SODFHPHQW�RI�WKH�URRWV�LQ�WKH�
OHIW� LQWHJUDWHG�KDOI�SODQH�LV�QRW�VXSHULPSRVHG��EXW�RQO\�WKHLU�PHPEHUVKLS�LQ�FHUWDLQ�VSHFLILHG�DUHDV�LV�UHTXLUHG��
6XFK�DUHDV��GHVFULEHG�E\�D�V\VWHP�RI�OLQHDU�PDWUL[�LQHTXDOLWLHV��/0,���DUH�FDOOHG�/0,�GRPDLQV��
G\QDPLFDO�V\VWHP��PRGDO�FRQWURO��UHJXODWRUV��'���VWDELOLW\��/XHQEHUJHU�REVHUYHUV��OLQHDU�PDWUL[�
LQHTXDOLWLHV��NURQHNHU�SURGXFW�RI�PDWULFHV�

Ⱥ�ɉ��Ʌɨɛɨɤ��ɤɚɧɞ��ɮɢɡ��ɦɚɬ��ɧɚɭɤ��Ȼ�ɇ��Ƚɨɧɱɚɪɟɧɤɨ��ɩɪɨɮ���ɞ�ɪ�ɬɟɯɧ��ɧɚɭɤ�
ɇɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɩɢɳɟɜɵɯ�ɬɟɯɧɨɥɨɝɢɣ��ɝ�ɄXɢɟɜ��ɍɤɪɚɢɧɚ�
Ʌ�Ƚ��ȼɢɯɪɨɜɚ��ɩɪɨɮ���ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ�
ɐɟɧɬɪɚɥɶɧɨɭɤɪɚɢɧɫɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��ɝ�Ʉɪɨɩɢɜɧɢɰɤɢɣ��ɍɤɪɚɢɧɚ��
Ɇ�Ⱥ��ɋɵɱ��ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��
ɇɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɛɢɨɪɟɫɭɪɫɨɜ�ɢ�ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ�ɍɤɪɚɢɧɵ��ɝ��Ʉɢɟɜ��ɍɤɪɚɢɧɚ�
ɋɢɧɬɟɡ�ɦɨɞɚɥɶɧɨɝɨ�ɭɩɪɚɜɥɟɧɢɹ�ɦɧɨɝɨɦɟɪɧɵɦɢ�ɥɢɧɟɣɧɵɦɢ�ɫɢɫɬɟɦɚɦɢ�ɫ�
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɥɢɧɟɣɧɵɯ�ɦɚɬɪɢɱɧɵɯ�ɧɟɪɚɜɟɧɫɬɜ�

Ⱦɚɟɬɫɹ�ɪɟɲɟɧɢɟ�ɡɚɞɚɱɢ�ɩɨɫɬɪɨɟɧɢɹ�ɦɨɞɚɥɶɧɵɯ�ɪɟɝɭɥɹɬɨɪɨɜ�ɞɥɹ�ɥɢɧɟɣɧɵɯ�ɦɧɨɝɨɦɟɪɧɵɯ�ɫɢɫɬɟɦ��
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ� '� �� ɭɫɬɨɣɱɢɜɨɫɬɶ� �ɚɫɢɦɩɬɨɬɢɱɟɫɤɭɸ� ɭɫɬɨɣɱɢɜɨɫɬɶ�� ɨɛɴɟɤɬɚ� ɭɩɪɚɜɥɟɧɢɹ�� ɍɩɪɚɜɥɟɧɢɟ�
ɩɪɟɞɫɬɚɜɥɟɧɨ� ɜ� ɜɢɞɟ� ɪɟɝɭɥɹɬɨɪɨɜ�� ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ� ɨɛɪɚɬɧɭɸ� ɫɜɹɡɶ� ɩɨ� ɜɵɯɨɞɭ� ɨɛɴɟɤɬɚ� ɭɩɪɚɜɥɟɧɢɹ�� ɢ�
ɢɫɩɨɥɶɡɭɟɬ� ɧɚɛɥɸɞɚɬɟɥɢ� Ʌɭɟɧɛɟɪɝɟɪɚ� ɩɨɥɧɨɝɨ� ɢ� ɩɨɧɢɠɟɧɧɨɝɨ� ɩɨɪɹɞɤɚ�� Ⱦɥɹ� ɜɵɱɢɫɥɟɧɢɹ� ɦɚɬɪɢɰ�
ɪɟɝɭɥɹɬɨɪɨɜ�ɢɫɩɨɥɶɡɭɟɬɫɹ�ɬɟɯɧɢɤɚ�ɥɢɧɟɣɧɵɯ�ɦɚɬɪɢɱɧɵɯ�ɧɟɪɚɜɟɧɫɬɜ�ɢ�ɨɛɨɛɳɟɧɢɟ�ɩɨɧɹɬɢɹ�ɭɫɬɨɣɱɢɜɨɫɬɢ�
ɩɨ�Ʌɹɩɭɧɨɜɭ� �'� ��ɭɫɬɨɣɱɢɜɨɫɬɶ���ɉɪɢɜɟɞɟɧɧɵɟ�ɬɟɨɪɟɦɵ�ɞɚɸɬ�ɧɟɨɛɯɨɞɢɦɵɟ�ɢ�ɞɨɫɬɚɬɨɱɧɵɟ�ɭɫɥɨɜɢɹ�'� ��
ɭɫɬɨɣɱɢɜɨɫɬɢ�ɭɩɪɚɜɥɹɟɦɨɣ�ɫɢɫɬɟɦɵ��

ȼ� ɪɚɛɨɬɟ� ɞɚɟɬɫɹ� ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ� ɪɟɲɟɧɢɟ� ɡɚɞɚɱɢ� ɫɢɧɬɟɡɚ� '� �� ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ� �ɦɨɞɚɥɶɧɵɯ��
ɪɟɝɭɥɹɬɨɪɨɜ� ɩɨ� ɢɡɦɟɪɹɟɦɵɦ� ɜɵɯɨɞɨɦ� ɨɛɴɟɤɬɚ� ɭɩɪɚɜɥɟɧɢɹ�� ɨɫɧɨɜɚɧɧɨɝɨ� ɧɚ� ɩɨɫɬɪɨɟɧɢɢ� ɧɚɛɥɸɞɚɬɟɥɟɣ�
ɫɨɫɬɨɹɧɢɹ�ɨɛɴɟɤɬɚ�ɨɩɪɟɞɟɥɟɧɧɨɝɨ�ɩɨɪɹɞɤɚ��Ɋɟɲɟɧɢɟ�ɩɨɥɭɱɟɧɨ�ɧɚ�ɨɫɧɨɜɟ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɬɟɨɪɢɢ�ɥɢɧɟɣɧɵɯ�
ɦɚɬɪɢɱɧɵɯ� ɧɟɪɚɜɟɧɫɬɜ� �/0,��� Ⱦɥɹ� ɱɢɫɥɟɧɧɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɩɨɥɭɱɟɧɧɵɯ� ɦɨɞɚɥɶɧɵɯ� ɪɟɝɭɥɹɬɨɪɨɜ�
ɦɨɠɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɦɟɬɨɞɵ� ɜɵɩɭɤɥɨɣ� ɨɩɬɢɦɢɡɚɰɢɢ� ɢ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ� ɩɪɨɝɪɚɦɦɧɨɟ� ɨɛɟɫɩɟɱɟɧɢɟ��
ɤɨɬɨɪɨɟ�ɜɯɨɞɢɬ�ɜ�ɪɹɞ�ɩɚɤɟɬɨɜ�ɩɪɢɤɥɚɞɧɵɯ�ɩɪɨɝɪɚɦɦ��ɜ�ɱɚɫɬɧɨɫɬɢ��ɜ�ɫɢɫɬɟɦɭ�0DW/DE��
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Ɉɩɢɫɚɧɵ� ɦɟɬɨɞɵ� ɪɟɲɟɧɢɹ� ɧɟ� ɬɨɥɶɤɨ� ɩɪɹɦɨɣ� ɡɚɞɚɱɢ� ɦɨɞɚɥɶɧɨɝɨ� ɭɩɪɚɜɥɟɧɢɹ�� ɤɨɝɞɚ� ɜɵɛɨɪɨɦ�
ɩɚɪɚɦɟɬɪɨɜ� ɪɟɝɭɥɹɬɨɪɚ� ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ� ɫɨɜɩɚɞɟɧɢɟ� ɤɨɪɧɟɣ� ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ� ɭɪɚɜɧɟɧɢɹ� ɡɚɦɤɧɭɬɨɣ�
ɫɢɫɬɟɦɵ� ɫ� ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ� ɡɚɞɚɧɧɵɦ� ɧɚɛɨɪɨɦ� ɤɨɦɩɥɟɤɫɧɵɯ� ɱɢɫɟɥ�� ɪɚɫɩɨɥɨɠɟɧɧɵɯ� ɜ� ɥɟɜɨɣ� ɱɚɫɬɢ�
ɤɨɦɩɥɟɤɫɧɨɣ� ɩɥɨɫɤɨɫɬɢ�� ɧɨ� ɢ� ɞɪɭɝɢɯ� ɡɚɞɚɱ� ɦɨɞɚɥɶɧɨɝɨ� ɪɟɝɭɥɢɪɨɜɚɧɢɹ�� ɜ� ɤɨɬɨɪɵɯ� ɬɪɟɛɨɜɚɧɢɟ� ɬɨɱɧɨɝɨ�
ɪɚɡɦɟɳɟɧɢɹ� ɤɨɪɧɟɣ� ɜ� ɥɟɜɨɣ� ɤɨɦɩɥɟɤɫɧɨɣ� ɩɨɥɭɩɥɨɫɤɨɫɬɢ� ɭɠɟ� ɧɟ� ɧɚɤɥɚɞɵɜɚɟɬɫɹ�� ɚ� ɧɭɠɧɚ� ɬɨɥɶɤɨ� ɢɯ�
ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ� ɤ� ɧɟɤɨɬɨɪɵɦ� ɡɚɞɚɧɧɵɦ� ɨɛɥɚɫɬɹɦ�� ɨɩɢɫɵɜɚɟɦɵɦ� ɫɢɫɬɟɦɨɣ� ɥɢɧɟɣɧɵɯ� ɦɚɬɪɢɱɧɵɯ�
ɧɟɪɚɜɟɧɫɬɜ�ɢ�ɧɚɡɵɜɚɟɦɵɯ�/0,��ɨɛɥɚɫɬɹɦɢ��
ɞɢɧɚɦɢɱɟɫɤɚɹ� ɫɢɫɬɟɦɚ�� ɦɨɞɚɥɶɧɨɟ� ɭɩɪɚɜɥɟɧɢɟ�� ɪɟɝɭɥɹɬɨɪɵ�� '� �� ɭɫɬɨɣɱɢɜɨɫɬɶ�� ɧɚɛɥɸɞɚɬɟɥɢ�
Ʌɭɟɧɛɟɪɝɟɪɚ��ɥɢɧɟɣɧɵɟ�ɦɚɬɪɢɱɧɵɟ�ɧɟɪɚɜɟɧɫɬɜɚ��ɤɪɨɧɟɤɟɪɨɜɨ�ɩɪɨɢɡɜɟɞɟɧɢɟ�ɦɚɬɪɢɰ�

,QWURGXFWLRQ�� 2IWHQ�� LQ� FRQWURO� WDVNV� IURP� WKH� VHW� RI� VWDELOL]DWLRQ� FRQWUROV�� LW� LV�
QHFHVVDU\� WR� VHOHFW� D� VXEVHW�� ZKLFK� SURYLGHV� IRU� WKH� V\VWHP� DGGLWLRQDO� SURSHUWLHV�� 6XFK�
SURSHUW\�PD\�EH��IRU�H[DPSOH��WKH�ORFDWLRQ�RI�WKH�URRWV�RI�WKH�FKDUDFWHULVWLF�SRO\QRPLDO�RI�D�
FORVHG� V\VWHP� LQ� D� JLYHQ� UHJLRQ� RI� WKH� FRPSOH[� SODQH�� &RQWURO� KDYLQJ� VXFK� DGGLWLRQDO�
SURSHUWLHV� LV� FDOOHG� PRGDO� FRQWURO�� DQG� WKH� UHJXODWRU� WKDW� SURYLGHV� LW� LV� FRQVLGHUHG� PRGDO��
0RGDO� FRQWURO� UHODWHV� WR� WKH� URRW�PHWKRGV� RI� OLQHDU�$&6� V\QWKHVLV�� LQ�ZKLFK�� EDVHG� RQ� WKH�
GHVLUDEOH� LQGLFDWRUV� RI� WKH� TXDOLW\� RI� FRQWURO�� WKH� GHVLUHG� FKDUDFWHULVWLF� SRO\QRPLDO� LV�
FRQVWUXFWHG��DQG�KHQFH�WKH�ORFDWLRQ�RI�WKH�URRWV�RI� WKH�FKDUDFWHULVWLF�HTXDWLRQ�LV�GHWHUPLQHG��
&KDUDFWHULVWLF�YDOXHV�RI�WKH�URRWV�RI�/DWLQ�DUH�FDOOHG�PRGHV��KHQFH�WKH�QDPH�RI�WKH�UHJXODWRU�
DQG�FRQWURO���PRGDO��

)RUPXODWLRQ�RI�WKH�SUREOHP��7KH�IROORZLQJ�VWDWHPHQW�RI�WKH�SUREOHP�LV�SRVVLEOH��WKH�
FKRLFH� RI� FRQWURO� SDUDPHWHUV� SURYLGHV� IRU� WKH� H[DFW� FRLQFLGHQFH� RI� WKH� URRWV� RI� WKH�
FKDUDFWHULVWLF�HTXDWLRQ�RI�D�FORVHG�V\VWHP�ZLWK�D�SUHGHILQHG�VHW�RI�FRPSOH[�QXPEHUV�ORFDWHG�
RQ�WKH�OHIW�VLGH��FRQGLWLRQ�RI�VWDELOLW\��RI�WKH�FRPSOH[�SODQH��6XFK�D�WDVN�LV�VRPHWLPHV�FDOOHG�
WKH�GLUHFW�WDVN�RI�PRGDO�FRQWURO��,Q�WKLV�SDSHU��ZH�GHVFULEH�WKH�IROORZLQJ�PHWKRGV�IRU�VROYLQJ�
RWKHU�SUREOHPV�RI�PRGDO�UHJXODWLRQ�� LQ�ZKLFK�WKH�UHTXLUHPHQW�RI� WKH�H[DFW�SODFHPHQW�RI� WKH�
URRWV� LQ� WKH� OHIW� LQWHJUDWHG� KDOI�SODQH� LV� QRW� VXSHULPSRVHG�� EXW� RQO\� WKHLU�PHPEHUVKLS� LQ� D�
JLYHQ� GRPDLQ� LV� UHTXLUHG�� $V� QRWHG� DERYH�� WKH� WDVN� RI� PRGDO� FRQWURO� LV� UHODWHG� WR� WKH�
FRQVWUXFWLRQ�RI�D�UHJXODWRU��LQ�ZKLFK�WKH�SROHV�RI�WKH�FORVHG�V\VWHP�DUH�ORFDWHG�DW�JLYHQ�SRLQWV�
RU�JLYHQ�DUHDV�RI�WKH�FRPSOH[�SODQH��7KH�YDOXHV�RI�VXFK�FKDUDFWHULVWLFV�RI�D�FORVHG�V\VWHP�DV�
WKH� WUDQVLWLRQ� WLPH��GDPSLQJ�� WKH�YHORFLW\�RI� WUDQVLHQW�SURFHVVHV� LQ� WKH� UHJXODWRU�� DQG�RWKHUV�
DUH�GHWHUPLQHG�E\� WKH�DUUDQJHPHQW�RI� WKH�HLJHQYDOXHV�RI� WKH�PDWUL[�RI� WKH�FORVHG�V\VWHP�LQ�
FHUWDLQ�DUHDV�RI�WKH�FRPSOH[�SODQH��

7KH�SXUSRVH�RI� WKH�DUWLFOH�LV� WR�FRQVLGHU� WKH�SUREOHP�RI�PRGDO�FRQWURO� LQ�VXFK�DUHDV��
ZKLFK� FDQ�EH�GHVFULEHG� E\�D� V\VWHP�RI� OLQHDU�PDWUL[� LQHTXDOLWLHV� �� WKHVH� DUHDV�ZLOO� ODWHU�EH�
FDOOHG�/0,�GRPDLQV�>�������@��,W�FDQ�EH�VKRZQ�WKDW�WKHVH�DUHDV�LQFOXGH�YHUWLFDO�DQG�KRUL]RQWDO�
EDQGV��FLUFOHV��FRQLFDO�VHFWRUV��DV�ZHOO�DV�VHFWLRQV�RI�WKHVH�DUHDV��

3UHVHQWLQJ� PDLQ� PDWHULDO�� 2QH� RI� WKH� HIIHFWLYH� PHWKRGV� IRU� VROYLQJ� SUREOHPV� RI�
PRGXODWLRQ�FRQWURO�V\QWKHVLV�LV�FRQQHFWHG�ZLWK�WKH�XVH�RI�/\DSXQRY�TXDGUDWLF�IXQFWLRQV�DQG�
WKH�WHFKQLTXH�RI�OLQHDU�PDWUL[�LQHTXDOLWLHV��

7KH� JHQHUDO� DSSURDFK� WR� WKH�PRGDO� FRQWURO� V\QWKHVLV� LV� EDVHG� RQ� WKH� XVH� RI�/0,�� ,W�
WXUQV�RXW�WKDW�WKH�GRPDLQV�RI�D�FHUWDLQ�W\SH�RQ�WKH�FRPSOH[�SODQH�LQ�ZKLFK�LW�LV�QHFHVVDU\�WR�
SODFH�WKH�HLJHQYDOXHV�RI�D�PDWUL[�RI�D�FORVHG�OLQHDU�V\VWHP�FDQ�EH�GHVFULEHG�E\�OLQHDU�PDWUL[�
LQHTXDOLWLHV��WKDW�LV��DV�/0,�UHJLRQV��ILUVW�UHFRUGLQJ�WKH�QHFHVVDU\�LQHTXDOLWLHV�ZLWK�UHVSHFW�WR�
WKH�YDULDEOHV��DQG�WKHQ�H[HFXWLQJ�WKHLU�UHSODFHPHQW�RQ�VRPH�PDWULFHV�E\�D�VSHFLDO�VXEVWLWXWLRQ���

,Q� WKH� JHQHUDO� FDVH�� FRQVLGHU� WKH� IRUPDO� SURFHGXUH� IRU� REWDLQLQJ� OLQHDU� PDWUL[�
LQHTXDOLWLHV�WKDW�GHWHUPLQH�WKH�FULWHULD�IRU�SODFLQJ�DOO�HLJHQYDOXHV�RI�WKH�PDWUL[�RI�WKH�FRQWURO�
REMHFW� LQ� WKH� UHTXLUHG�/0,�GRPDLQ��1RWH� WKDW� IRU� QXPHULFDO� VROXWLRQ� RI� WKH� REWDLQHG� OLQHDU�
PDWUL[�LQHTXDOLWLHV��H[LVWLQJ�HIIHFWLYH�DOJRULWKPV�WKDW�DUH�LPSOHPHQWHG�LQ�VRPH�PDWKHPDWLFDO�
SDFNDJHV��LQ�SDUWLFXODU�0DW/DE�>���@��FDQ�EH�XVHG��
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,Q� WKH� JHQHUDO� FDVH�� FRQVLGHU� WKH� IRUPDO� SURFHGXUH� IRU� REWDLQLQJ� OLQHDU� PDWUL[�
LQHTXDOLWLHV�WKDW�GHWHUPLQH�WKH�FULWHULD�IRU�SODFLQJ�DOO�HLJHQYDOXHV�RI�WKH�PDWUL[�RI�WKH�FRQWURO�
REMHFW� LQ� WKH� UHTXLUHG�/0,�GRPDLQ��1RWH� WKDW� IRU� QXPHULFDO� VROXWLRQ� RI� WKH� REWDLQHG� OLQHDU�
PDWUL[�LQHTXDOLWLHV��H[LVWLQJ�HIIHFWLYH�DOJRULWKPV�WKDW�DUH�LPSOHPHQWHG�LQ�VRPH�PDWKHPDWLFDO�
SDFNDJHV��LQ�SDUWLFXODU�0DW/DE�>���@��FDQ�EH�XVHG��

/HW
V�LQWURGXFH�WKH�FRQFHSW�RI�/0,�DUHD��/HW�'�EH�VRPH�DUHD�RI�WKH�OHIW�LQWHJUDWHG�KDOI�
SODQH��$�G\QDPLFDO�V\VWHP�ZLOO�EH�FDOOHG�'�VWDEOH�LI�DOO�LWV�SROHV��WKDW�LV��DOO�WKH�HLJHQYDOXHV�RI�
WKH�PDWUL[�� OLH� LQ� WKH�GRPDLQ�'�� ,Q� WKLV�FDVH�� WKH�PDWUL[�$�ZLOO�DOVR�EH�FDOOHG�'�VWDEOH�� ,Q�D�
SDUWLFXODU�FDVH��ZKHQ�'�FRLQFLGHV�ZLWK�WKH�HQWLUH�OHIW�PRVW�FRPSOH[�KDOI�SODQH��'�VWDELOLW\�LV�
UHGXFHG�WR�DV\PSWRWLF�VWDELOLW\��ZKLFK�LV�FKDUDFWHUL]HG�E\�WKH�/\DSXQRY�LQHTXDOLW\��ZKLFK�LV�D�
OLQHDU�PDWUL[� LQHTXDOLW\��1DPHO\�� WKH�PDWUL[�$� LV� DV\PSWRWLFDOO\� VWDEOH� LI� DQG� RQO\� LI� WKHUH�
H[LVWV�D�V\PPHWULF�PDWUL[�;�VDWLVI\LQJ�WKH�LQHTXDOLWLHV�

�7$; ;$� � ���� �; ! ��

� 'HILQH�D�FODVV�RI�GRPDLQV�WKDW�DUH�FKDUDFWHUL]HG�LQ�WHUPV�RI�OLQHDU�PDWUL[�LQHTXDOLWLHV��
7R� GR� WKLV�� ZH� LQWURGXFH� WKH� PDWUL[� IXQFWLRQV� RI� WKH� FRPSOH[� YDULDEOH� LQWR� FRQVLGHUDWLRQ�
] &� � �& ±� D� VHW� RI� FRPSOH[� QXPEHUV�� WKDW� WDNH� YDOXHV� LQ� WKH� VSDFH� RI� VHOI�FRQQHFWHG�
+HUPLWLDQ��P Pu ����PDWULFHV��+HUPLW�&KDUOHV���������������

� � 7
'I ] 3 ]* ]* � � ���������������������������������������������������

ZKHUH� 7 P P3 3 5 u � DQG�
P P* 5 u� �±�JLYHQ�PDWULFHV�� P P5 u �±�VHW�RI�UHDO�PDWULFHV�RI�

GLPHQVLRQ�P Pu ��� ] �±��FRPELQHG�FRPSOH[�QXPEHU��
� 'RPDLQ�

^ `� � � � �'' ] & I ] � � ���������������������������������������������������

FDOOHG�/0,�GRPDLQ�JHQHUDWHG�E\�WKH�IXQFWLRQ� � �'I ] ��ZKLFK�LV�RIWHQ�FDOOHG�WKH�FKDUDFWHULVWLF�

IXQFWLRQ�RI�WKH�GRPDLQ�'��
� )URP�WKLV�GHILQLWLRQ�LW�IROORZV�WKDW�WKH�/0,�GRPDLQ�LV�D�VXEVHW�RI�D�FRPSOH[�SODQH�WKDW�
LV�UHSUHVHQWHG�E\�D�OLQHDU�PDWUL[�LQHTXDOLW\�ZLWK�UHVSHFW�WR�YDULDEOHV� 5H� �[ ] �DQG ,P� �\ ] ��
&RQVHTXHQWO\�� WKH� /0,�GRPDLQ� LV� FRQYH[�� $OVR�� EHFDXVH� RI� DQ\� ] '� � WDNHV� SODFH�

� � � � �' 'I ] I ] � ��WKHQ�WKH�/0,�GRPDLQ�LV�V\PPHWULF�ZLWK�UHVSHFW�WR�WKH�DFWXDO�D[LV��

� 7KH�PRVW�LPSRUWDQW�SURSHUW\�RI�/0,�GRPDLQV�LV� WKDW�WKH\�DUH�FRPSOHWHO\�GHWHUPLQHG�
LQ� WHUPV� RI� OLQHDU� PDWUL[� LQHTXDOLWLHV� ZLWK� UHVSHFW� WR� VRPH� V\PPHWULF� SRVLWLYHO\� GHILQHG�
PDWUL[��,Q�RUGHU�WR�JHW�WKHVH�LQHTXDOLWLHV��ZH�ZLOO�PDWFK�WKH�IXQFWLRQ� � �'I ] �WKH�QH[W��P Pu ���

EORFN�PDWUL[�

� � � � � � �7 70 $ ; 3 ; * $; * ;$ � � � � � ��������������������������������

� ZKHUH��� ��±�WKH�RSHUDWLRQ�RI� WKH�NURQHNHU�SURGXFW�RI�PDWULFHV��.URQHFNHU�/HRSROG��
��������������

5HFDOO�WKDW�WKH�NURQHFNHU�SURGXFW�PDWUL[�LV�FDOOHG�EORFN�PDWUL[��IRUPHG�E\�PXOWLSO\LQJ�
HDFK�HOHPHQW� LMD RI�WKH�PDWUL[�$�RQ�WKH�PDWUL[�%�>�@��*LYHQ�WKLV��QRWH�WKDW�EORFNV�RI�WKH�PDWUL[�

� � �0 $ ; �FDQ�EH�ZULWWHQ�LQ�WKH�IRUP�

� � � 7
LM LM LM ML0 $ ; S ; J $; J ;$ � � �������� � ��������L M P ������������������������
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� ZKHUH� LMS �� LMJ �±�WKH�HOHPHQWV�RI�WKH�PDWULFHV�3�DQG�*��UHVSHFWLYHO\��

7R� FRQVWUXFW� PRGDO� UHJXODWRUV� WKDW� SURYLGH� WKH� VWDELOLW\� RI� FRQWURO� REMHFWV�� LW� LV�
LPSRUWDQW�WR�SURYH�7KHRUHP���RI�VWDELOLW\�>�����@��

/HW�'�±�/0,�GRPDLQ��7KHQ�WKH�PDWUL[�$�LV�'���VWDEOH�LI�DQG�RQO\�LI�WKHUH�LV�D�PDWUL[�
7; ; ZKLFK�VDWLVILHV�WKH�OLQHDU�PDWUL[�LQHTXDOLWLHV�

� � � �0 $ ; � ������� �; ! ������������������������������������������������������

� ,I� WKH� PDWUL[� ���� LV� PXOWLSOLHG� OHIW� DQG� ULJKW� RQ� WKH� PDWUL[� ( <� �� ZKHUH�(� ±� XQLW�
PDWUL[�� �< ; � �� WKHQ� WDNLQJ� LQWR� DFFRXQW� WKH� SURSHUWLHV� RI� WKH� RSHUDWLRQ� RI� WKH� NURQHFNHU�
SURGXFW�DIWHU�D�VHULHV�RI�WUDQVIRUPDWLRQV�ZH�REWDLQ�WKH�FULWHULRQ�'���VWDELOLW\�RI�WKH�PDWUL[�$�

� � � � � � � �7 7/ $ < 3 < * <$ * $ < � � � � � � ������ �7< < ! �������������������

2Q�WKH�EDVLV�RI�7KHRUHP���RQH�FDQ�SURSRVH�WKH�IROORZLQJ�DOJRULWKP�IRU�FRQVWUXFWLQJ�
/0,���GRPDLQV�WKDW�GHWHUPLQH�WKH�'�VWDELOLW\�FULWHULRQ�RI�WKH�V\VWHP� � � � �[ W $[ W � ��

�� $� FKDUDFWHULVWLF� IXQFWLRQ� � �'I ] RI� WKH� IRUP� ���� LV� FRQVWUXFWHG� VR� WKDW� WKH� VHW�'

JHQHUDWHG�E\�LW�KDV�WKH�GHVLUHG�IRUP��

�� �8VLQJ� VXEVWLWXWLRQ� ��� � � � � � �7] ] ; $; ;$l � WKH� IXQFWLRQ� � �'I ] RI� WKH� EORFN�

PDWUL[�� � � �0 $ ; RI�WKH�IRUP�����DUH�EURXJKW�LQWR�FRQIRUPLW\��
�� $� V\VWHP�RI�PDWUL[� LQHTXDOLWLHV� RI� WKH� IRUP� ���� �RU� ����� LV� IRUPHG� DQG� LV� VROYHG�

ZLWK�UHVSHFW�WR�WKH�PDWUL[�;��RU�<���
��� ,Q� DFFRUGDQFH�ZLWK� WKH� DERYH� WKHRUHP� ��ZH� FRQFOXGH� WKDW�'� LV� WKH� VWDELOLW\� RI� D�

PXOWLGLPHQVLRQDO�OLQHDU�V\VWHP� � � � �[ W $[ W � ��
1RWH�RQH�LPSRUWDQW�SURSHUW\�RI�WKH�/0,���GRPDLQV��/0,���WKH�GRPDLQV�DUH�ORFNHG�LQ�

UHODWLRQ� WR� WKH� LQWHUVHFWLRQ�RSHUDWLRQ�� WKDW� LV�� WKH� LQWHUVHFWLRQ�RI� WKH�/0,� �� WKH�GRPDLQV�ZLOO�
DOVR�EH�/0,��GRPDLQ��

&RQVLGHU�VRPH�LPSRUWDQW�H[DPSOHV�RI�FRQVWUXFWLQJ�DQ�/0,�GRPDLQ���
� $V� D� ILUVW� H[DPSOH�� FRQVLGHU� WKH� VHW� ^ `� � � 5H� �' ] & ] P � � � � �)LJ���D�� ZKLFK�

FRUUHVSRQGV�WR�DV\PSWRWLFDOO\�VWDEOH�V\VWHPV�ZLWK�D�GHJUHH�RI�VWDELOLW\�QR�OHVV�P��2EYLRXVO\��
WKLV� GRPDLQ� JHQHUDWHV� D� IXQFWLRQ�

�
� � �'I ] ] ] P � � �� DQG� DFFRUGLQJ� WR� 7KHRUHP� ��� WKH�

PDWUL[�$�LV�DV\PSWRWLFDOO\�VWDEOH�ZLWK�D�GHJUHH�RI�VWDELOLW\�QRW�OHVV�P�LI�DQG�RQO\�LI�WKHUH�LV�D�
PDWUL[� 7; ; ��ZKLFK�VDWLVILHV�WKH�OLQHDU�PDWUL[�LQHTXDOLWLHV�RI�WKH�IRUP�����

� �7$; ;$ ;P� � � ��������� �; ! ��

� $QRWKHU�H[DPSOH�RI�WKH�/0,�GRPDLQ�LV� ^ `� � � _ _' ] & ] T U � � � �±�LQVLGH�WKH�FLUFOH�

ZLWK�D�UDGLXV�U�FHQWHUHG�DW�WKH�SRLQW� � ���T� ��)LJ���E���)RU�WKLV�GRPDLQ�

�
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DQG�WKH�OLQHDU�PDWUL[�LQHTXDOLWLHV�����FKDUDFWHUL]LQJ�WKLV�UHJLRQ�WDNH�WKH�IRUP�
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IXQFWLRQ�
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� $SSO\�QRZ�WR�WKH�DSSDUDWXV�IRU�V\QWKHVL]LQJ�PRGDO�FRQWURO�RI�WKH�OLQHDU�V\VWHP�IRU�D�
JLYHQ�/0,��GRPDLQ��7KH�FODVVLFDO�DSSURDFK�WR�WKH�V\QWKHVLV�RI�OLQHDU�IHHGEDFN��UHJXODWRUV��LQ�
WKH�VWDWH�VSDFH�LV�DVVRFLDWHG�ZLWK�WKH�FDQRQLFDO�UHSUHVHQWDWLRQ�RI�WKH�FRQWUROOHG�REMHFW�DQG�WKH�
FRQVWUXFWLRQ�RI�D�PRGDO�FRQWURO��FRQWUROOHU��WKDW�SURYLGHV�WKH�JLYHQ�HLJHQYDOXHV��PRGV��RI�WKH�
PDWUL[�RI�D�FORVHG�V\VWHP��7KHQ�WKH�FRQVWUXFWLRQ�RI�WKH�PRGDO�FRQWURO�UHGXFHV�WR�WKH�ILQGLQJ�
RI� WKH� FKDUDFWHULVWLF�SRO\QRPLDO� RI� WKH�PDWUL[�$�� WKH� FKRLFH�RI� WKH� FDQRQLFDO� EDVLV�� DQG� WKH�
VROXWLRQ� RI� WKH� V\VWHP� RI� OLQHDU� HTXDWLRQV�� $W� WKH� VDPH� WLPH�� DQ� DOWHUQDWLYH� ZD\� RI�
V\QWKHVL]LQJ�VWDELOL]LQJ�UHJXODWRUV�LV�SRVVLEOH��EDVHG�RQ�WKH�DSSOLFDWLRQ�RI�WKH�WKHRU\�RI�OLQHDU�
PDWUL[� LQHTXDOLWLHV�DQG�HIIHFWLYH�DOJRULWKPV�IRU� WKHLU�VROXWLRQ�� LPSOHPHQWHG�� IRU�H[DPSOH�� LQ�
WKH�0DW/DE�SDFNDJH�>���@��
� /HW�WKH�FRQWURO�REMHFW�EH�GHVFULEHG�E\�WKH�HTXDWLRQ�

� �
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G[ W
$[ W %X W
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� :KHUH� Q5W[ ��� ��±�VWDWH�RI�WKH�UHJXODWRU�� P5WX ��� �±�FRQWURO��
7KH�WDVN�LV�WR�FKRRVH�WKH�ODZ�RI�PDQDJHPHQW�X�W��IURP�WKH�FODVV�RI�OLQHDU�IHHGEDFN�RQ�

WKH�VWDWH�RI�WKH�IRUP�
� � � �X W .[ W ����������������������������������������������������������

ZKHUH�.�±��WKH�PDWUL[�RI�WKH�SDUDPHWHUV�RI�WKH�UHJXODWRU�FRUUHVSRQGLQJ�WR�WKH�RUGHU�LQ�
ZKLFK�WKH�PDWUL[�RI�WKH�FORVHG�V\VWHP����������ZLOO�EH�'�VWDEOH��WKDW�LV��DOO�LWV�HLJHQYDOXHV�RI�
WKH�URRWV�OLH�LQ�WKH�JLYHQ�/0,��GRPDLQ��
� $FFRUGLQJ� WR�7KHRUHP���� WKH�SUREOHP�RI�'�VWDELOLW\� LV� UHGXFHG� WR� WKH� ILQGLQJ�RI� WKH�
PDWULFHV�; ;7!��DQG�Ʉ��VDWLVI\LQJ�LQHTXDOLW\�0�$�%.��;���ZKLFK�LV�QRQOLQHDU�LQ�UHODWLRQ�WR�
WKHVH� PDWULFHV�� +RZHYHU�� LI� \RX� HQWHU� WKH� QRWDWLRQ� = .;�� WKHQ� WKH� ODVW� LQHTXDOLW\� FDQ� EH�
LPDJLQHG�DV�D�OLQHDU�PDWUL[�LQHTXDOLW\�RI�WKH�IRUP�
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RQ� XQNQRZQ� PDWULFHV�.� DQG� =�� $IWHU� WKHVH� PDWULFHV� DUH� IRXQG�� WKH� GHVLUHG� PDWUL[� RI� WKH�
SDUDPHWHUV�RI�WKH�UHJXODWRU�LV�OLNH�. �=;����
� /HW
V�FRQVLGHU�DQRWKHU�DSSURDFK� WR� WKH�V\QWKHVLV�RI�'�VWDELOL]LQJ�UHJXODWRUV�EDVHG�RQ�
WKH�PHDVXUHG�RXWSXW��EDVHG�RQ� WKH�FRQVWUXFWLRQ�RI�REVHUYHUV�RI� WKH�VWDWH�RI� WKH�REMHFW��/HW
V�
VWDUW�ZLWK�/XHQEHUJHU
V�REVHUYHUV�LQ�FRPSOHWH�RUGHU��
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&RQFOXVLRQ��7KXV��WKH�XVH�RI�WKH�/XHQEHUJHU�REVHUYHUV�DOORZV�IRU�WKH�V\QWKHVLV�RI�'�
VWDEOH� UHJXODWRUV� IRU� WKH� FRPSOHWH� DQG� UHGXFHG� RUGHU� RI� WKH� /HXYHQEHUJHU� REVHUYHUV� RQ� WKH�
EDVLV�RI�VROYLQJ�RQO\�OLQHDU�PDWUL[�LQHTXDOLWLHV��

5HIHUHQFH�
�� Ȼɚɥɚɧɞɢɧ�Ⱦ�ȼ��ɋɢɧɬɟɡ� ɡɚɤɨɧɨɜ� ɭɩɪɚɜɥɟɧɢɹ� ɧɚ� ɨɫɧɨɜɟ� ɥɢɧɟɣɧɵɯ�ɦɚɬɪɢɱɧɵɯ�ɧɟɪɚɜɟɧɫɬɜ� >Ɍɟɤɫɬ@� ��

Ⱦ�ȼ�Ȼɚɥɚɧɞɢɧ��Ɇ�Ɇ��Ʉɨɝɚɧ���±�Ɇ���Ɏɢɡɦɚɬɥɢɬ��������±�����ɫ��
�� Ƚɚɧɬɦɚɯɟɪ�Ɏ�Ɋ��Ɍɟɨɪɢɹ�ɦɚɬɪɢɰ�>Ɍɟɤɫɬ@���Ɏ�Ɋ��Ƚɚɧɬɦɚɯɟɪ��±�Ɇ���Ɏɢɡɦɚɬɥɢɬ��������±�����ɫ��
�� ɉɨɥɹɤ� Ȼ�Ɍ�� ɍɩɪɚɜɥɟɧɢɟ� ɥɢɧɟɣɧɵɦɢ� ɫɢɫɬɟɦɚɦɢ� ɩɪɢ� ɜɧɟɲɧɢɯ� ɜɨɡɦɭɳɟɧɢɹɯ�� Ɍɟɯɧɢɤɚ� ɥɢɧɟɣɧɵɯ�

ɦɚɬɪɢɱɧɵɯ�ɧɟɪɚɜɟɧɫɬɜ��>Ɍɟɤɫɬ@���Ȼ�Ɍ�ɉɨɥɹɤ�Ɇ�ȼ���ɏɥɟɛɧɢɤɨɜ��±�Ɇ���ɅȿɇȺɇȾ��������±�����ɫ��
�� əɤɭɛɨɜɢɱ� ȼ�Ⱥ�� Ɋɟɲɟɧɢɟ� ɧɟɤɨɬɨɪɵɯ� ɦɚɬɪɢɱɧɵɯ� ɧɟɪɚɜɟɧɫɬɜ�� ɜɫɬɪɟɱɚɸɳɢɯɫɹ� ɜ� ɬɟɨɪɢɢ�

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ�ɪɟɝɭɥɢɪɨɜɚɧɢɹ��>Ɍɟɤɫɬ@���ȼ�Ⱥ��əɤɭɛɨɜɢɱ����ȾȺɇ�ɋɋɋɊ��±�������±��Ɍ�������±�ʋ���±�
ɋ�������������

�� %R\G� 6��� (O� *KDRXL� /��� )HURQ� (��� %DODNULVKQDQ� 9�� /LQHDU0DWUL[� ,QHTXDOLWLHV� LQ� 6\VWHP� DQG� &RQWURO�
7KHRU\�>7H[W@���6��%R\G��(O�/�*KDRXL��(��)HURQ��9��%DODNULVKQDQ��±�3KLODGHOSKLD��6,$0������������S��

�� &KLODOL� 0�� +f � GHVLJQ� ZLWK� SROH� SODFHPHQW� FRQVWUDLQWV�� $Q� /0,� DSSURDFK�� ,(((� 7UDQV�� >7H[W@� ��
0�&KLODOL��3��*DKLQHW��±�$XWRPDW��&RQWU���������YRO�����SS�����±�����

�� *KDRXL�/�(��$GYDQFHV�LQ�OLQHDU�PDWUL[�LQHTXDOLW\�PHWKRGV� LQ�FRQWURO��$GYDQFHV�LQ�'HVLJQ�DQG�&RQWURO��
>7H[W@���/�(�*KDRXL��6�,���1LFXOHVFX��±�3KLODGHOSKLD��3$��6,$0������������S��

�� 0DVXEXFKL� ,���2KDUD� $��� 6XGD�1�� /0,�EDVHG� FRQWUROOHU� V\QWKHVLV�� $� XQLILHG� IRUPXODWLRQ� DQG� VROXWLRQ��
>7H[W@���,��0DVXEXFKL��$��2KDUD��1��6XGD���±,QW��-��5REXVW�1RQOLQHDU�&RQWU���������YRO�����SS�����±�����

5HIHUHQFH�
�� %DODQGLQ�� '�9�� 	� .RJDQ�� 0�0�� �������� 6LQWH]� ]DNRQRY� XSUDYOHQLMD� QD� RVQRYH� OLQHMQ\K� PDWULFKQ\K�

QHUDYHQVWY�>6\QWKHVLV�RI�FRQWURO�ODZV�EDVHG�RQ�OLQHDU�PDWUL[�LQHTXDOLWLHV@��0RVFRZ��)L]PDWOLW��
�� *DQWPDKHU��)�5����������7HRULMD�PDWULF�>Ɍɟɨɪɢɹ�ɦɚɬɪɢɰ@��0RVFRZ��)L]PDWOLW��
�� 3ROMDN��%�7��	�+OHEQLNRY��0�9�� ��������8SUDYOHQLH� OLQHMQ\PL� VLVWHPDPL�SUL�YQHVKQLK�YR]PXVKKHQLMDK��

7HKQLND� OLQHMQ\K� PDWULFKQ\K� QHUDYHQVWY� >&RQWURO� RI� OLQHDU� V\VWHPV� XQGHU� H[WHUQDO� GLVWXUEDQFHV��
7HFKQLTXH�RI�OLQHDU�PDWUL[�LQHTXDOLWLHV@���0RVFRZ��/(1$1'��

�� -DNXERYLFK�� 9�$�� �������� 5HVKHQLH� QHNRWRU\K� PDWULFKQ\K� QHUDYHQVWY�� YVWUHFKDMXVKKLKVMD� Y� WHRULL�
DYWRPDWLFKHVNRJR�UHJXOLURYDQLMD��>7KH�VROXWLRQ�RI�VRPH�PDWUL[�LQHTXDOLWLHV�HQFRXQWHUHG�LQ�WKH�WKHRU\�RI�
DXWRPDWLF�UHJXODWLRQ@��'$1�6665��±�'$1�6668��9RO����������������������

�� %R\G��6���(O�*KDRXL��/���)HURQ��(��	�%DODNULVKQDQ��9����������/LQHDU0DWUL[�,QHTXDOLWLHV� LQ�6\VWHP�DQG�
&RQWURO���3KLODGHOSKLD��6,$0��

�� &KLODOL��0��	�*DKLQHW��3���������� +f �GHVLJQ�ZLWK�SROH�SODFHPHQW�FRQVWUDLQWV��$Q�/0,�DSSURDFK��,(((�
7UDQV��$XWRPDW��&RQWU���YRO��������������

�� *KDRXL��/�(��	�1LFXOHVFX��6�,����������$GYDQFHV�LQ�OLQHDU�PDWUL[�LQHTXDOLW\�PHWKRGV�LQ�FRQWURO��$GYDQFHV�
LQ�'HVLJQ�DQG�&RQWURO��3$��6,$0��

�� 0DVXEXFKL��,���2KDUD��$��	�6XGD��1����������/0,�EDVHG�FRQWUROOHU�V\QWKHVLV��$�XQLILHG�IRUPXODWLRQ�DQG�
VROXWLRQ���,QW��-��5REXVW�1RQOLQHDU�&RQWU�� 9RO� ������±�����

Ⱥ�ɉ��Ʌɨɛɨɤ��ɤɚɧɞ��ɮɿɡ��ɦɚɬ��ɧɚɭɤ��Ȼ�ɇ��Ƚɨɧɱɚɪɟɧɤɨ��ɩɪɨɮ���ɞ�ɪ�ɬɟɯɧ��ɧɚɭɤ�
ɇɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ��ɦ�Ʉɢʀɜ��ɍɤɪɚʀɧɚ�
Ʌ�Ƚ��ȼɿɯɪɨɜɚ��ɩɪɨɮ���ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ�
ɐɟɧɬɪɚɥɶɧɨɭɤɪɚʀɧɫɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɬɟɯɧɿɱɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ��ɦ�Ʉɪɨɩɢɜɧɢɰɶɤɢɣ��ɍɤɪɚʀɧɚ��
Ɇ�Ⱥ��ɋɢɱ��ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��



,661������������������������������������������0DFKLQHU\�LQ�DJULFXOWXUDO�SURGXFWLRQ��LQGXVWU\�PDFKLQH�EXLOGLQJ��DXWRPDWLRQ��������&RO���

���

ɇɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɛɿɨɪɟɫɭɪɫɿɜ�ɿ�ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ�ɍɤɪɚʀɧɢ��ɦ�Ʉɢʀɜ��ɍɤɪɚʀɧɚ
ɋɢɧɬɟɡ� ɦɨɞɚɥɶɧɨɝɨ� ɤɟɪɭɜɚɧɧɹ� ɛɚɝɚɬɨɜɢɦɿɪɧɢɦɢ� ɥɿɧɿɣɧɢɦɢ� ɫɢɫɬɟɦɚɦɢ� ɡ�
ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɥɿɧɿɣɧɢɯ�ɦɚɬɪɢɱɧɢɯ�ɧɟɪɿɜɧɨɫɬɟɣ�
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