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,QWURGXFWLRQ��7KH�SURJUHVV�LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\�LV�FRQQHFWHG�ZLWK�WKH�
GHYHORSPHQW� DQG� LPSOHPHQWDWLRQ� RI� QDQRWHFKQRORJ\�� UHGXFLQJ� WKH� PDWHULDO� DQG�
HQHUJ\�LQWHQVLW\�RI�SURGXFWLRQ��DV�ZHOO�DV�WKH�FRVW�RI� WKH� FRQVWUXFWLRQ��2QH�RI�WKH�
XUJHQW�WDVNV�RI�0DWHULDOV�6FLHQFH�LQ�WKH�IUDPHZRUN�RI�QDQRWHFKQRORJ\�GHYHORSPHQW�
LV�WKH�GHVFULSWLRQ�RI�WKH�PHFKDQLVPV�RI�WKH�NQRZQ�K\GUDWLRQ�SURFHVVHV�RI�YDULRXV�
W\SHV�RI�ELQGHUV�DW�WKH�QDQRVFDOH�

)XQGDPHQWDOV�RI�WKH�SURGXFWLRQ�RI�EXLOGLQJ�FRPSRVLWHV�RQ�VLOLFDWH�PDWUL[�
RI�QRQ�DXWRFODYHG�KDUGHQLQJ

7KH� DXWKRUV� KDYH� GHYHORSHG� QDQRWHFKQRORJLFDO� WHFKQLTXHV� IRU� SURGXFLQJ�
EXLOGLQJ�FRPSRVLWHV�RQ�VLOLFDWH�PDWUL[�RI�WKHUPR�PRLVWXUH�KDUGHQLQJ��7KH�WUDQVLWLRQ�
IURP� H[SHQVLYH� DXWRFODYLQJ� ZLWK� �KDUG�� DFWLYDWLRQ� PRGHV� WR� WKHUPR�PRLVWXUH�
KDUGHQLQJ� XQGHU� HQHUJ\�VDYLQJ� PRGHV� LV� HQVXUHG� E\� LPSOHPHQWLQJ� FRPSOH[�
DFWLYDWLRQ�RI�WKH�VLOLFDWH�FRQFUHWH�PL[WXUH�>�@��7KH�REWDLQHG�UHVXOWV�FDQ�EH�H[SODLQHG�
E\�WKH�GHVFULSWLRQ�RI�WKH�PHFKDQLVPV�RI�DFWLRQ�RI�WKH�NQRZQ�K\GUDWLRQ�SURFHVVHV�RI�
OLPH�VLOLFD�ELQGHU�DW�WKH�QDQRVFDOH�

([SHULPHQWDO�DQG�WKHRUHWLFDO�UHVXOWV�RI�VWXGLHV�KDYH�VKRZQ�WKDW�IRU�DFWLYDWHG�
OLPH�VLOLFD� FRPSRVLWHV� WKH� SUHVHQFH� RU� DEVHQFH� RI� D� SDUWLFXODU� PLQHUDO� LV� QRW� DQ�
H[FHSWLRQDO� SUHUHTXLVLWH� WR� REWDLQ� WKH� UHTXLUHG� VSHFLILF� SK\VLFDO� DQG� PHFKDQLFDO�
SURSHUWLHV��3HUKDSV�WKH�PRVW�VLJQLILFDQW�IDFWRU�LV�WKH�VL]H�RI�WKH�QHRSODVPV�DQG�WKH�
QDWXUH�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKHP�

,Q� WKLV� VWXG\�� WKH� QDQRWHFKQRORJLFDO� PHWKRGV� RI� TXDUW]� DFWLYDWLRQ� DQG� WKH�
VWUXFWXUH� IRUPDWLRQ� RI� QDQRVFDOH� DUH� LPSOHPHQWHG� WKURXJK� WKH� GHYHORSPHQW� DQG�
LPSOHPHQWDWLRQ�RI�FRPSOH[�DFWLYDWLRQ�RI�WKH�UDZ�PL[��ZKLFK�PDGH�LW�SRVVLEOH�WR�JR�
IURP� K\GURWKHUPDO� V\QWKHVLV� RI� FDOFLXP� K\GURVLOLFDWHV� �+6&�� LQ� DXWRFODYHV� WR�
WKHUPR�PRLVWXUH� KDUGHQLQJ� >�@� 7R� REWDLQ� D� PXOWLFRPSRQHQW� OLPH�VLOLFD� ELQGHU��
TXLFNOLPH�� OLPH�� FUXVKHG� ZLWK� TXDUW]� VDQG� DFFRUGLQJO\� WR� UHODWHG� UDWLR� DUH� XVHG��
VHSDUDWHO\�� WKH� URFNV� RI� DPRUSKRXV� VWUXFWXUH�� VSHFLILFDOO\� WULSROL�� DUH� FUXVKHG� WR�
UHODWHG�VSHFLILF�VXUIDFH�DUHD��7R�SURGXFH�WKH�FRQFUHWHV�EDVHG�RQ�D�WKUHH�FRPSRQHQW�
ELQGHU��WKH�UDZ�TXDUW]�VDQG�ZDV�XVHG�DV�D�ILQH�JUDLQHG�DJJUHJDWH�

&RPSOH[�DFWLYDWLRQ�LQFOXGHV�D�VHTXHQWLDO�F\FOH�RI�YDULRXV�W\SHV�DQG�PHWKRGV�
RI� DFWLYDWLRQ�� PHFKDQRFKHPLFDO� DFWLYDWLRQ� RI� FU\VWDOOLQH� TXDUW]� LQ� DTXHRXV�
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HQYLURQPHQW� RI� D� PL[HU�DFWLYDWRU�� FKHPLFDO� RQH� ± GXH� WR� WKH� LQWURGXFWLRQ� RI�
DPRUSKRXV�VLOLFD��FKHPRDFWLYDWLRQ�RQH�± GXH�WR�HOHYDWHG�S+�YDOXHV�RI�WKH�PHGLXP��
WKHUPRDFWLYDWLRQ�RQH�± GXH�WR�WKH�H[RWKHUP�RI�TXLFNOLPH��

7KH�DFWLYDWLRQ�RI�TXDUW]�FRQVLVWV�RI�FRQYHUWLQJ�WKH�FU\VWDO�VXUIDFH�VWUXFWXUH�RI�
WKH�TXDUW]�JUDLQ�OD\HU�WR�WKH�DPRUSKRXV�VWDWH��KRZHYHU��LW�FDQ�EH�DVVXPHG�WKDW�WKH�
PHFKDQLVP� RI� WKH� SURFHVVHV� XQGHU� WKH� LQIOXHQFH� RI� DFWLYDWLRQ¶V� YDULRXV� W\SHV� LV�
GLIIHUHQW�� 3ULPDULO\� WKH� GLIIHUHQFHV� DUH� GHSHQGHQW� WR WKH� QDWXUH� DQG� W\SH� RI�
GLVORFDWLRQV��WDNLQJ�LQWR�DFFRXQW�WKH�GHJUHH�DQG�GXUDWLRQ�RI�H[SRVXUH�

1DQRWHFKQRORJLFDO�DVSHFWV�RI�FRPSOH[�DFWLYDWLRQ
0HFKDQRFKHPLFDO�DFWLYDWLRQ RFFXUV�GXH� WR� WKH� VSHFLDO� SURSHUWLHV�RI� QHZO\�

IRUPHG�VXUIDFHV��SDUWLFXODUO\�GXH�WR�WKH FKDQJH��SUHGRPLQDQWO\�ORFDO��RI�FKHPLFDO�
DQG�SKDVH�FRPSRVLWLRQ�RI�VROLGV��DV�ZHOO�DV�WKHLU�DJJUHJDWH�VWDWH�XQGHU�WKH�DFWLRQ�RI�
KLJK�LQWHQVLW\�PHFKDQLFDO�HIIHFWV�>�@�

$V�D�QDQRWHFKQRORJLFDO�PHWKRG��WKH�PHFKDQRFKHPLFDO�DFWLYDWLRQ�RI�FU\VWDOOLQH�
TXDUW]�LV�FDUULHG�RXW�LQ�DQ�DTXHRXV�PHGLXP�RI�LQGXVWULDO�PL[HU�DFWLYDWRUV��,W�DOORZV�
WR� UHGXFH� WKH� YLVFRVLW\� RI� WKH� OLPH�VLOLFD� ELQGHU� E\� DQ� RUGHU� >�@�� 7KLV� HIIHFW� RI�
YLVFRVLW\�UHGXFLQJ�LV�XVHG�WR�FRPSHQVDWH�WKH�LQFUHDVHG�ZDWHU�GHPDQG�RI�WKH�PL[WXUH�
GXH� WR� WKH� LQWURGXFWLRQ� RI� D� SRURXV� PLQHUDO� DGGLWLYH� DQG� WKH� ELQGHU� DFWLYDWLRQ�
WRJHWKHU�ZLWK�ILQH�JUDLQHG�DJJUHJDWH�

)RU�PHFKDQRFKHPLFDO� DFWLYDWLRQ�� WKH� FKDQJH� RI� WKH� FKHPLFDO�� SK\VLFDO�� DQG�
DJJUHJDWLYH�VWDWH�LV�FRQQHFWHG�ZLWK�OLQHDU��VSDWLDO��GHHS�VHDWHG��DQG�HVSHFLDOO\�HGJH�
GLVORFDWLRQV�� GHSHQGLQJ� RQ� WKH� IRUFH� RI� DFWLRQ�� 7KH� W\SH� RI� GLVORFDWLRQV� ZLOO� EH�
GHWHUPLQHG�E\�WKH�WUDMHFWRU\�RI�WKH�TXDUW]�JUDLQ�PRYHPHQW�DW�WKH�PRPHQW�RI�LPSDFW�
ZLWK�WKH�EODGHV�RI�WKH�PL[HU�DFWLYDWRU��GLUHFW��WDQJHQWLDO�RU�WDQJHQWLDO�RQHV�

$V�D�UHVXOW RI�PHFKDQLFDO�DFWLRQ��WKH�VWUHVV�ILHOG�LV�FUHDWHG�LQ�WKH�ORFDO�DUHDV�RI�
VROLG�SDUWLFOHV��5HOD[DWLRQ�RI�WKH�ORFDO�VWUHVV�ILHOGV�FDQ�RFFXU�WKURXJK�WKH�IRUPDWLRQ�
RI�QHZ�HGJH�GLVORFDWLRQV�DQG�SRLQW�GHIHFWV�LQ�WKH�FU\VWDOV�DQG�WKH�IRUPDWLRQ�RI�QHZ�
VXUIDFHV��ZKLFK�FRQWULEXWHV�WR�WKH�LQLWLDWLRQ�RI�VROLG�SKDVH�FKHPLFDO�UHDFWLRQV�

8QOLNH� WKH� PHFKDQLFDO� GLVSHUVLRQ�� WKH� PDLQ� SXUSRVH� RI� PHFKDQRFKHPLFDO�
DFWLYDWLRQ�LV�WKH�LQLWLDWLRQ�RI�FKHPLFDO�UHDFWLRQV�LQ�WKH�VROLG�SKDVH��PRUHRYHU��ERWK�
RQ�WKH�VXUIDFH�RI�JURXQG�TXDUW] VDQG��DV�D�ELQGHU�FRPSRQHQW��DQG�WKH�VXUIDFH�RI�QRQ�
JURXQG�TXDUW]�VDQG��DJJUHJDWH��

&KHPLFDO� DFWLYDWLRQ� LV� FDUULHG� RXW� E\� LQWURGXFLQJ� RI� WKH� PLQHUDO� DGGLWLYH��
FRQWDLQLQJ�DPRUSKRXV��DFWLYH��VLOLFD��&KHPLFDO�DFWLYDWLRQ�LQFUHDVHV�WKH�VROXEOH�VLOLFD�
FRQWHQW� LQ� WKH�PL[WXUH��*ULQGLQJ� LQ� WKH�SURFHVV�RI� WULSROL�GLVSHUVLQJ� WR� WKH�VL]H�RI�
FKDOFHGRQ\�EDOOV�GHWHUPLQHV�WKH�SRVVLELOLW\�RI�UHJXODWLQJ�WKH�SURFHVVHV�RI�VWUXFWXUH�
IRUPDWLRQ�DW�WKH�QDQRVFDOH��,Q�DGGLWLRQ��WKH�SUHVHQFH�RI�WULSROL�LQ�WKH�GLVSHUVHG�V\VWHP�
FRQWULEXWHV� WR� LQFUHDVH� WKH� FKHPLFDO� DFWLYLW\� RI� WKH� V\VWHP� GXH� WR� LWV� DPRUSKRXV�
VWUXFWXUH�DQG�FDXVHV�WKH�IRUPDWLRQ�RI�QDQRVFDOH�+6& LQ�WKH�SRUHV�RI�WULSROL��$�VPDOO�
SURSRUWLRQ�RI�QDQRSDUWLFOHV�DUH�HQWHUHG�WR�WKH�FRQFUHWH�PL[WXUH�GXULQJ�ILQH�JULQGLQJ�
�GLVSHUVLRQ��DV�D�QDQRWHFKQRORJLFDO�PHWKRG�RI�DFWLYDWLRQ��RI�WKH�VLOLFD�FRPSRQHQWV�
RI� WKH� ELQGHU�� TXDUW]� VDQG� DQG� WULSROL� RI� DPRUSKRXV�FU\VWDOOLQH� VWUXFWXUH� ZLWK� D�
SRURVLW\� PRUH� WKDQ� ����� 'LVSHUVHG� KLJKO\� SRURXV� WULSROL� FDQ� VHUYH� DV� D� �QDQR�
UHDFWRU���LWV�ZDOOV�OLPLW�WKH�JURZWK�RI�WXPRUV�LQ�WKH�VSDFH�
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'XULQJ�WKH�FRQWDFW�ZLWK�ZDWHU��WKH�JUDLQV�RI�WULSROL�DOPRVW�LQVWDQWO\�DEVRUE�LW�
XQGHU� WKH� DFWLRQ� RI� FDSLOODU\� IRUFHV�� $V� D� UHVXOW�� WKH� GLVVROXWLRQ� DQG� K\GUDWLRQ�
UHDFWLRQV� RFFXU� RQ� D� VWURQJO\� GHYHORSHG� VXUIDFH� XQGHU� WKH� FRQGLWLRQV� RI� KLJK�
FRQFHQWUDWLRQV� RI� LRQV� 6L2�

�� LQVLGH� WKH� WULSROL� SDUWLFOHV�� 7KH\� DUH� WKH� VRXUFH� RI�
QXWULWLYH�IRU�WKH�FU\VWDOOL]DWLRQ�RI�+6&��JURZLQJ�LQ�WKH�GLUHFWLRQ�IURP�WKH�VXUIDFH�WR�
WKH�FHQWHU�RI�WKH�WULSROL�SDUWLFOH��7KH�QHRSODVPV�IRUPHG�LQ�WKH�SRUHV��LQ�SDUWLFXODU�WKH�
WREHUPRULWH�OLNH�JHO�6&+�,,���KLOOHEUDQGLWH�&�6+�%� DQG�&�6+�&� DUH�FKDUDFWHUL]HG�
E\�QDQRVFDOH��7KH�UHVXOWLQJ�&�6�+ FDQ�EH�FRQVLGHUHG�DV�D�JHO��EXW�QRW�QHFHVVDULO\�
DPRUSKRXV�� $QG� LWV� FU\VWDO� VWUXFWXUH� LV� HYLGHQFHG� E\� GHIUDFWRJUDPV�� ZKLFK� DUH�
REVHUYHG�LQ�WKH�FDVHV�ZKHQ�&�6�+ LV�REWDLQHG�IURP�DQ�DTXHRXV�VXVSHQVLRQ�LQ�WKH�
&D2�6L2� V\VWHP��$SSUR[LPDWHO\�DOO�&�6�+ SDUWLFOHV�DUH�QDQRVFDOH��7KH�SUHVHQFH�
RI�D� WULSROL�SDUWLFOH� LQ� WKH�ELQGHU�FDQ�UHJXODWH� WKH�VSHHG�DQG�NLQHWLFV�RI�K\GUDWLRQ�
UHDFWLRQV�

7KHUPDO�DQG�FKHPLFDO�DFWLYDWLRQ �DW�WKH�VWDJH�RI�SUHFRQGLWLRQLQJ��DUH�FDUULHG�
RXW�GXH�WR�H[RWKHUP�RI�TXLFNOLPH�DQG�HOHYDWHG�S+�YDOXHV�RI�WKH�PHGLXP��ZKHUHE\�
WKH�DGGLWLRQDO�VRXUFHV�RI�GLVORFDWLRQV�DSSHDU�RQ�WKH�VXUIDFH�RI�FU\VWDOOLQH�TXDUW]�

7KH� XVH� RI� TXLFNOLPH� DQG� WKHUPR�PRLVWXUH� KDUGHQLQJ� �70+�� SURYLGH�
DGGLWLRQDO� VRIW� DQG� OHVV� HQHUJ\�LQWHQVLYH� WKHUPRDFWLYDWLRQ� PRGHV�� 8QGHU� WKH�
FRQGLWLRQV�RI�70+ DW 7 ���ɋ��WKH�FRQWUDGLFWLRQ��DVVRFLDWHG�ZLWK�DQ�LQFUHDVLQJ�RI�
WKH�TXDUW]�VROXELOLW\��EXW�ZLWK�GHFUHDVLQJ�RI�OLPH�VROXELOLW\��LV�DQQXOOHG��XQGHU�WKH�
FRQGLWLRQV�RI�DFFHOHUDWLQJ�SURFHVV�RI�LWV�GLVVROXWLRQ�>�@��,Q�DGGLWLRQ��LQFUHDVLQJ�RI�S+
V\VWHP�OHDGV�WR�WKH�FUHDWLRQ�RI�IDYRUDEOH�FRQGLWLRQV�IRU�GXUDELOLW\�DQG�GHIRUPDWLRQ�
UHVLVWDQFH�RI�+6& QHRSODVPV�DW�WKH�RSHUDWLRQ�VWDJH�������S+�������

'XH�WR�WKH�DERYH�DFWLYDWLRQ�PHWKRGV��WKH�FRQGLWLRQV�DUH�SURYLGHG�IRU�FUHDWLQJ�
WKH� QHFHVVDU\� SK\VLFRFKHPLFDO� DFWLYLW\� RI� VLOLFD� DQG� WKH� IRUPDWLRQ� RI� FDOFLXP�
K\GURVLOLFDWHV�DW�WKH�UHTXLUHG�DPRXQW�DW�7 ���ɋ�

([SHULPHQWDO�VWDWLVWLFDO�PRGHOLQJ�RI�H[SHULPHQWDO�UHVXOWV�
,W� LV�NQRZQ�WKDW�ZLWK�WKH�VDPH�ZDWHU�FRQWHQW�RI�H[SDQGLQJ�DQG�FRQYHQWLRQDO�

FRQFUHWHV�� WKH� UHODWLYH�YDOXHV�RI� VKULQNDJH�DUH� WKH� VDPH��7KHUHIRUH�� LQ� OLPH�VLOLFD�
PL[WXUHV��ZKLFK�DUH�FDSDEOH�RI�H[SDQGLQJ��WKH�GHVWUXFWLRQ�SURFHVVHV�RI�VKULQNDJH��
ZKLFK�DUH�FKDUDFWHULVWLF�RI�RUGLQDU\�FRQFUHWH��DOVR�RFFXU��EXW�LQ�WKH�LQFUHDVHG�YROXPH�
RI� WKH� PL[WXUH�� 7KH� RSWLPL]DWLRQ� RI� WKH� ELQGHU� FRPSRVLWLRQV� DQG� PL[WXUHV� ZDV�
FDUULHG�RXW�EDVHG�RQ�WKH�DQDO\VLV�RI�WKH�SRVVLELOLW\�RI�GLUHFWLRQDO�FRQWURO�RI�VZHOOLQJ�
GHIRUPDWLRQV� DQG� VKULQNDJH� LQ� WKH� DFWLYDWHG� OLPH�VLOLFD� FRPSRVLWHV� >��@�� 7KH�
PLQLPXP�VKULQNDJH�YDOXH�İ �����PP�P�FRUUHVSRQGV�WR�WKH�FRPSRVLWLRQV�ZLWK�WKH�
PD[LPXP�YDOXH�RI�YROXPH�H[SDQVLRQ�] ������LQ�WKLV�DUHD�WKH�UHVLGXDO�GHIRUPDWLRQV�
�WKH�GLIIHUHQFH�EHWZHHQ�WKH�YDOXHV�RI�H[SDQVLRQ�DQG�VKULQNDJH��ǻİĺ��

,Q� UHVHDUFK� LW� LV� � FDOFXODWHG� WZR� FRPSDUDEOH� FRPSOH[� RI� VL[IDFWRUV�
H[SHULPHQWDO�VWDWLVWLFDO� PRGHOV� GHVFULELQJ� WKH� GHSHQGHQF\� RI� WKH� �VWUXFWXUH� ±
WHFKQRORJ\�± SURSHUWLHV��ZKDW�DOORZHG�WR�VWXG\�WKH�GHSHQGHQF\��FKDUDFWHULVWLFV�RI�
WKH�VWUXFWXUH�± SURSHUW\��

$QDO\]HG�WKH�LQIOXHQFH�RI�FRPSRVLWLRQ�DQG�FRQGLWLRQV�RI�FXULQJ�PRUH�WKDQ�WHQ�
SURSHUWLHV�� LQFOXGLQJ� FRPSUHVVLYH� VWUHQJWK� �5E��� WHQVLOH� EHQGLQJ� �5EWE��� IURVW� �)���
ZDWHU� �NU���FUDFN�UHVLVWDQW��N,F���PLFURKDUGQHVV��+���KHDW�FRQGXFWLYLW\��Ȝ���PRGXOXV�
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RI� HODVWLFLW\� �(�� DQG�PRUH� WKDQ� WHQ FKDUDFWHULVWLFV� RI� WKH� VWUXFWXUH�� LQFOXGLQJ� WKH�
UHODWLYH�DYHUDJH�VL]H�RI�FDSLOODU\�SRUHV��GN���WRWDO�SRURVLW\��3���WKH�UDWLR�RI�RSHQ�WR�
WKH�JHQHUDO��NVDW���DQG�FRQWHQW LQ�WKH�FRPSRVLWHV�RI�PLQHUDO�DQG�SKDVH�FRPSRVLWLRQV�

1DQRWHFKQRORJLFDO�WHFKQLTXHV�DOORZ QRW�RQO\�VLJQLILFDQWO\�WR�UHGXFH�WKH�HQHUJ\�
FRQVXPSWLRQ� RI� WKH� SURGXFWLRQ�� EXW� DOVR� WR� REWDLQ� FRPSHWLWLYH� FRPSRVLWH� ZDOO�
PDWHULDOV� ZLWK� VLJQLILFDQWO\� KLJKHU� TXDOLW\� LQGLFDWRUV� FRPSDUHG� ZLWK� WKH� VLOLFDWH�
SUHVVHG�DXWRFODYHG�SURGXFWV�VXFK�DV�WKHUPDO�FRQGXFWLYLW\��GHQVLW\��ZDWHU�DQG�FUDFN�
UHVLVWDQFH��FRUURVLRQ�UHVLVWDQFH��DQG�HODVWLF�PRGXOXV�

6XPPDU\�� &RPSOH[� DFWLYDWLRQ�� LPSOHPHQWHG� DV� D� VHTXHQWLDO� F\FOH� RI�
HOHPHQWDU\� QDQRWHFKQRORJLFDO� WHFKQLTXHV�� FRQWULEXWHV� WR� WKH� GHYHORSPHQW� DQG�
UHGXFWLRQ� WR� EXLOGLQJ� SUDFWLFH� RI� WKH� UHVRXUFH�VDYLQJ� LQMHFWLRQ� PROGLQJ�
QDQRWHFKQRORJLHV�IRU�WKH�SURGXFWLRQ�RI�HIIHFWLYH�QRQ�DXWRFODYHG�KDUGHQLQJ�VLOLFDWH�
ZDOO�SURGXFWV�

>�@�2��6K\QNHY\FK��<��/XWVNLQ��2��.RLFKHY��*��%RQGDUHQNR��$��7HUW\FKQ\L��,��0\URQHQNR��
1DQRWHFKQRORJLFDO� DQG� (QHUJ\VDYLQJ� 0HWKRGV� RI� 3URGXFWLRQ� RI� %XLOGLQJ� &RPSRVLWHV��
0$7(&�:HE�RI�&RQIHUHQFH�������������������������
>�@�<��/XWVNLQ��2��6K\QNHY\FK��/XWVNLQ��$��$QLVNLQ��0XOWLSOH�LQIOXHQFH�RI�VLOLFDFRQWDLQLQJ�
FRPSRQHQW� RI� WKH� FKHPRELRJHQLF� RULJLQ� RQ� WKH� VWUXFWXUH� DQG� SURSHUWLHV� RI� FRPSRVLWHV� RQ�
VLOLFDWH�PDWUL[��7HFKQLFDO�-��7HKQLþNL�JODVQLN����������������������
>�@ <�0��%XWW��0�0��6\FKHY��9�9��7LPDVKHY��&KHPLFDO�WHFKQRORJ\�RI�ELQGHUV��+LJK�VFKRRO��
0RVFRZ�������
>�@ <��/XWVNLQ��2��6K\QNHY\FK��,��0\URQHQNR��6��=DNDEOXN��2��6XUNRY��7KH�LQIOXHQFH�RI�WKH�
FRQWHQW�RQ�VWUXFWXUH�DQG�SURSHUWLHV�RI�JHRSRO\PHU�FRPSRVLWHV�RQ�VLOLFDWH�PDWUL[���,Q��0$7(&�
:HE�RI�&RQIHUHQFHV��������������������
>�@ ,��6KWDUN��%��9LKW��'XUDELOLW\�RI�FRQFUHWH��7UDQVODWHG�IURP�*HUPDQ�Ⱥ��7XODJDQRYD��8QGHU�
HGLWLRQ�3�9��.ULYHQNR��.LHY�������
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ɫɨɫɬɚɜɵ� ɢ� ɬɟɯɧɨɥɨɝɢɹ� ɢɡɝɨɬɨɜɥɟɧɢɹ� ɫɬɪɨɢɬɟɥɶɧɵɯ� ɤɨɦɩɨɡɢɬɨɜ� ɧɚ� ɫɢɥɢɤɚɬɧɨɣ�
ɦɚɬɪɢɰɟ�ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɨɝɨ�ɬɜɟɪɞɟɧɢɹ�ɫ�ɩɨɧɢɠɟɧɧɨɣ�ɷɧɟɪɝɨɟɦɤɨɫɬɶɸ�


