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$EVWUDFW��&XUUHQWO\��SHULWRQHDO�DGKHVLYH�GLVHDVH�LV�RQH�RI�WKH�FRPPRQ�GLVHDVHV�LQ�WKH�
ZRUOG��OHDGLQJ�WR�WKH�TXLFN�GLVDELOLW\�RI�SDWLHQWV�DQG�D�VLJQLILFDQW�UHGXFWLRQ�LQ�TXDOLW\�
RI� OLIH�� 7KH� DUWLFOH� LV� GHYRWHG� WR� QHFHVVDU\� RI� DQDO\]H� RI� WKH� FDXVHV� RI� SHULWRQHDO�
DGKHVLYH� GLVHDVH�� DGYHUVH� RXWFRPHV� RI� DFXWH� DGKHVLYH� LQWHVWLQDO� REVWUXFWLRQ�
H[DPLQLQJ� JHQHWLF�� LPPXQRORJLFDO�� ELRFKHPLFDO� DQG�PRUSKRORJLFDO� IHDWXUHV� RI� WKLV�
JURXS�RI�SDWLHQWV��GLVWLQJXLVK�DQDWRPLFDO�DQG�WRSRJUDSKLF�FULWHULD�IRU�WKH�SRVVLELOLW\�
RI� XVLQJ� WHFKQRORJ\� DV� D� PLQLPDOO\� LQYDVLYH� GLDJQRVLV� DQG� WUHDWPHQW� RI� DGKHVLYH�
GLVHDVH� RI� WKH� SHULWRQHXP�� GHYHORS� DQ� DOJRULWKP� IRU� GLDJQRVLV�� QHZ� PHWKRGV� RI�
SUHYHQWLRQ� DQG� WUHDWPHQW� RI� VXUJLFDO� DGKHVLYH� GLVHDVH� RI� WKH� SHULWRQHXP�� LWV�
FRPSOLFDWLRQV��
.H\�ZRUGV��3HULWRQHDO�DGKHVLYH�GLVHDVH��PRUSKRORJ\��FRPSOLFDWLRQ��
�

�

3HULWRQHDO� DGKHVLYH� GLVHDVH� LV� RQH� RI� WKH� FRPPRQ� GLVHDVHV� LQ� WKH� ZRUOG��

5HFHQWO\� VSUHDG�VSHFWUXP�DQG�YROXPH�RI� VXUJLFDO� LQWHUYHQWLRQV� D� VWHDG\� ULVH� LQ� WKH�

LQFLGHQFH�RI�SRVWRSHUDWLYH�GHYHORSPHQW�RI�SHULWRQHDO�DGKHVLYH�GLVHDVH��

,Q�FRQQHFWLRQ�ZLWK�WKH�ZLGHVSUHDG�LQWURGXFWLRQ�LQWR�VXUJLFDO�SUDFWLFH�VXUJHULHV�

RQ�DEGRPLQDO�RUJDQV�� WKH�UHOHYDQFH�SUREOHP�SHULWRQHDO�DGKHVLYH�GLVHDVH�LV�JURZLQJ�

VWHDGLO\��

'HVSLWH� LQWHQVLYH� GHYHORSPHQW� RI�PLQLPDOO\� LQYDVLYH� WHFKQRORJLHV� WKDW� KDYH�

VLJQLILFDQWO\� UHGXFHG� VXUJLFDO� WUDXPD�� WKH� QXPEHU� RI� WKH� QHDUHVW� DQG� ORQJ�WHUP�

FRPSOLFDWLRQV�FDXVHG�E\�DGKHVLRQ�SURFHVV�LV�QRW�UHGXFHG�>�@��

$EGRPLQDO�DGKHVLYH�GLVHDVH���D�VHULRXV� LOOQHVV��RIWHQ�RFFXUULQJ� LQ�\RXQJ�DQG�

ZRUNLQJ� DJH�� 3DWLHQWV� PXVW� DGKHUH� WR� D� VWULFW� GLHW�� DQG� IUHTXHQW� H[DFHUEDWLRQV�

SHULWRQHDO� DGKHVLYH� GLVHDVH� UHTXLULQJ� KRVSLWDOL]DWLRQ� XOWLPDWHO\� OHDG� WR� UHGXFHG�
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GLVDELOLW\�� HPRWLRQDO� LQVWDELOLW\�� VH[XDO� G\VIXQFWLRQ�� SHUVRQDOLW\� RI� QHXURWLFLVP��

GLVDELOLW\�DQG�VLJQLILFDQW�GHWHULRUDWLRQ�LQ�TXDOLW\�RI�OLIH��,Q�W\SLFDO�FOLQLFDO�VLWXDWLRQV�

DGKHVLYH�GLVHDVH�GLDJQRVLV�GRHV�QRW�SUHVHQW�DQ\�GLIILFXOWLHV��DQG�WKH�FKRLFH�RI�PHWKRG�

RI�WUHDWPHQW�GHSHQGV�RQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�LQWHVWLQDO�REVWUXFWLRQ�>�����@��

,Q������'HGHUHU�ZURWH� WKDW� �DFXWH� LQWHVWLQDO�REVWUXFWLRQ�KDV� HDUQHG�QRWRULHW\�

YHU\�KHDY\�VWUHDP��GLIILFXOW�WR�GLDJQRVH�DQG�DGYHUVH�RXWFRPHV�IRU�WKH�GLVHDVH��>��@���

,Q� UHFHQW� GHFDGHV�� D� JURZLQJ� XQGHUVWDQGLQJ� RI� WKH� SDWKRJHQHVLV� RI� DFXWH�

DGKHVLYH�LQWHVWLQDO�REVWUXFWLRQ��GHYHORS�QHZ�ZD\V�WR�GLDJQRVH�� WUHDW��FXUH��LPSURYHG�

PHWKRGV�RI�DQHVWKHWLF�PDQDJHPHQW�DQG�H[WUDFRUSRUHDO�GHWR[LILFDWLRQ�>�����@��

&RPPRQ�RSHUDWLRQV�WKDW�FDXVH�DEGRPLQDO�DGKHVLYH�GLVHDVH���RSHUDWLRQV�RQ�WKH�

GHVFHQGLQJ� DQG� UHFWXP� ������� IROORZHG� E\� DSSHQGHFWRP\� ������� J\QHFRORJLF�

VXUJHU\� ������� DQG� WRWDO� FROHFWRP\� ������ ,Q� JHQHUDO�� ����� RI� SDWLHQWV� GHYHORSHG�

DGKHVLRQV� DIWHU� RSHUDWLRQV� SHUIRUPHG� EHORZ� WKH� WUDQVYHUVH� FRORQ�� ���� �� DERYH� WKH�

WUDQVYHUVH�FRORQ��DQG�LQ������RI�FDVHV�WKH�FDXVH�ZDV�SHULWRQLWLV�DGKHVLYH�REVWUXFWLRQ��

$ERXW�����RI�DOO�DGPLVVLRQV�WR�KRVSLWDOV�DQG�VXUJLFDO�ODSDURWRP\����GXH�WR�DGKHVLYH�

GLVHDVH�RI�WKH�DEGRPHQ�DQG�LWV�FRPSOLFDWLRQV�>��������@��

)UHTXHQF\� RI� DGKHVLRQ� IRUPDWLRQ� YDULHV� IURP� ��� �� WR� ���� DIWHU� VXUJLFDO�

DEGRPLQDO�RSHUDWLRQV�DQG�LV�QHDUO\�����DIWHU�RSHQ�J\QHFRORJLF�VXUJHU\��,Q�PRGHUQ�

DEGRPLQDO� VXUJHU\� SUREOHP� RI� SRVWRSHUDWLYH� DEGRPLQDO� DGKHVLRQV� QRW� ORVW� LWV�

UHOHYDQFH�>�����@��

$FXWH� DGKHVLYH� LQWHVWLQDO� REVWUXFWLRQ� GLVWLQJXLVK� WKH� VHYHULW\� DQG� UDSLG�

GHYHORSPHQW� RI� WKH� SDWKRSK\VLRORJLFDO� FKDQJHV� LQ� WKH� IRUPV� RI� VWUDQJXODWLRQ�� D�

YDULHW\�RI�FOLQLFDO�PDQLIHVWDWLRQV�DQG�UHODWHG�GLIILFXOWLHV�LQ�WKH�GLDJQRVLV��WDFWLFDO�DQG�

WHFKQLFDO�FRPSOH[LW\�RI�WKH�VXUJLFDO�WUHDWPHQW�DQG�SUHYHQWLRQ�>������@��

�7KHUHIRUH�� SRVWRSHUDWLYH�PRUWDOLW\� LQ� DFXWH� DGKHVLYH� LQWHVWLQDO� REVWUXFWLRQ� LV�

NHSW� DW� ���� FDSDFLW\� IRU� ZRUN� LV� UHVWRUHG� RQO\� ��� �� ���� RI� SDWLHQWV�� DQG� DIWHU�

FRQVHUYDWLYH�WUHDWPHQW���DW����������>��@��

:LQ� DFXWH� DGKHVLYH� LQWHVWLQDO� REVWUXFWLRQ� LV� ������� RI� WKH� LOHXV�� GXH� WR� WKH�

FRQVWDQWO\� JURZLQJ� QXPEHU� RI� RSHUDWLRQV� RQ� WKH� DEGRPLQDO� RUJDQV�� 7KXV�� VXUJLFDO�

FRPSOLFDWLRQV�DQG�GLVHDVHV�FDXVHG�E\�DGKHVLRQV�PD\�RFFXU�DOUHDG\�LQ�WKH�LPPHGLDWH�
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SRVWRSHUDWLYH�SHULRG��$FFRUGLQJ�WR�WKH�VXPPDU\�GDWD��WKH�IUHTXHQF\�RI�HDUO\�DGKHVLYH�

LQWHVWLQDO�REVWUXFWLRQ�YDULHV�EHWZHHQ�������������RI�DOO� W\SHV�RI� LOHXV�� ,Q�SHGLDWULF�

SUDFWLFH�� �� �� RI� QHZERUQV� ZKR� XQGHUZHQW� LQWHUYHQWLRQ� IRU� DEGRPLQDO� RUJDQV��

VXEVHTXHQWO\�VXEMHFWHG�WR�ODSDURWRP\�IRU�DFXWH�DGKHVLYH�LQWHVWLQDO�REVWUXFWLRQ�>�����@��

7RGD\��WKHUH�DUH�LQFUHDVLQJ�ZRUN��QRWHG�WKH�QHJDWLYH�LPSDFW�RI�DGKHVLRQV�LQ�WKH�

SHOYLF�DUHD�RQ�WKH�UHSURGXFWLYH�IXQFWLRQ�RI�\RXQJ�ZRPHQ������RI�SDWLHQWV�WKH�FDXVH�

RI� LQIHUWLOLW\� VWHHO� VSLNHV� LQ� WKH� IDOORSLDQ� WXEHV� DQG� RYDULHV�� IRUPHG� DV� D� UHVXOW� RI�

FKURQLF�SHOYLF�SURFHVVHV��$GKHVLRQV�RQ�WKH�EDFNJURXQG�RI�LQIODPPDWRU\�GLVHDVHV�RI�

WKH�LQWHUQDO�JHQLWDO�RUJDQV�DOVR�OHDGV�WR�FKURQLF�SDLQ�LQ�WKH�ORZHU�DEGRPHQ�LQ��������

RI�SDWLHQWV�XQGHUJRLQJ�SKHQRPHQRQ�RI��VDOSLQJRRIRULW�>�����@��

,Q� WKH� 8QLWHG� 6WDWHV� RYHU� WKH� DGKHVLYH� GLVHDVH� LQ� ������ WKHUH� ZHUH� DERXW�

�������� KRVSLWDOL]DWLRQV�� DQG� HFRQRPLF� FRVWV� DPRXQWHG� WR� DERXW� �� ���� ELOOLRQ� SHU�

\HDU�>��@��

+RVSLWDO� VWD\� DIWHU� DGKHVLRO\VLV� SHUIRUPHG� ODSDURWRP\� DFFHVV� LQ� XUJHQW�

SURFHGXUH�DYHUDJHV����GD\V��0RUWDOLW\� UHDFKHV�������������DQG�DW�DQ�HDUO\� IRUP�RI�

SRVWRSHUDWLYH� DGKHVLYH� REVWUXFWLRQ� �� �������������:LWK� HDFK� VXEVHTXHQW� DWWDFN� RI�

DFXWH�DGKHVLYH�LQWHVWLQDO�REVWUXFWLRQ�LOHXV�UHFXUUHQFH�ULVN�LQFUHDVHV�ZLWK�LQFUHDVLQJ�>���

��@��

7KH� UDSLG� JURZWK� RI� DGYDQFHG� WHFKQRORJLHV� LQ� PLQLPDOO\� LQYDVLYH� VXUJHU\��

ELRORJ\�� FKHPLVWU\�� SKDUPDFRORJ\� DQG� RWKHU� SDUDPHGLFDO� ILHOGV� RI� VFLHQFH� DQG�

WHFKQRORJ\�PDNH�LW�SRVVLEOH�WR�SXW�LQWR�SUDFWLFH�QHZ�ZD\V�DQG�PHDQV�RI�SUHYHQWLRQ��

GLDJQRVLV� DQG� WUHDWPHQW� RI� DGKHVLYH� GLVHDVH�� 3DWKRJHQHWLF� VRXQG� GLUHFWLRQ� LQ� WKH�

SUHYHQWLRQ�DQG�WUHDWPHQW�$$'3�LV�WKH�XVH�RI�YDULRXV�PHDQV�RI�SUHYHQWLQJ�DGKHVLRQ�

RI�FRQYHUJHQFH�DQG�LQMXUHG�SHULWRQHDO�VXUIDFHV�>�����@��

5HVHDUFKHUV�IURP�GLIIHUHQW�FRXQWULHV�DSSHDOHG�WR�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�

DGKHVLYH�GLVHDVH�RI� WKH�SHULWRQHXP�XVLQJ�DQWLDGKHVLYH�EDUULHU�PHDQV��7KH�UHVXOWV�RI�

WKHLU� ZRUN� DUH� FRQWUDGLFWRU\�� SRVVLELOLWLHV� RI� WKH� PHWKRGV� DUH� DVVHVVHG� GLIIHUHQWO\��

PDQ\� LVVXHV� UHTXLUH� IXUWKHU� UHVHDUFK� DQG� GLVFXVVLRQ�� +RZHYHU�� PRVW� DXWKRUV� QRWH�

SURPLVLQJ� DSSOLFDWLRQ� DQWLDGKHVLYH� EDUULHU� PHDQV�� ODSDURVFRSLF� DQG� WUDGLWLRQDO�

LQWHUYHQWLRQV�LQ�SDWLHQWV�XQGHUJRLQJ�VXUJHU\�IRU�DEGRPLQDO�RUJDQV�>������@��
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$W�������������RI�SUHYLRXVO\�RSHUDWHG�SDWLHQWV�QR�VLJQV�RI�LQWHVWLQDO�REVWUXFWLRQ�

DQG�WKH�RQO\�FOLQLFDO�PDQLIHVWDWLRQ�RI�WKH�GLVHDVH�DUH�SHUVLVWHQW�DEGRPLQDO�SDLQ��,W�LV�

WKLV�JURXS�RI�SDWLHQWV�DUH� IUHTXHQW�GLDJQRVWLF�HUURUV� OHDGLQJ� WR�XQQHFHVVDU\�VXUJLFDO�

LQWHUYHQWLRQV�� 3DWLHQWV�ZLWK� DEGRPLQDO� DGKHVLRQV� RIWHQ� ORQJ�� XQVXFFHVVIXOO\� WUHDWHG�

ZLWKRXW�D�VSHFLILF�GLDJQRVLV��7KXV��DV�D�UXOH��WKH�GLDJQRVLV�DSSHDUV�QHXURWLF�V\QGURPH��

5HSRUW�WKLV�WDFWLF�GXH�WR�WKH�GLIILFXOW\�RI�HVWDEOLVKLQJ�WKH�WUXH�FDXVH�RI�SDLQ�>������@��

/HDGLQJ� UROH� LQ� WKH� GLDJQRVLV� RI� SHULWRQHDO� DGKHVLYH� GLVHDVH� DQG� � ;�UD\�

PHWKRGV�RI�LQYHVWLJDWLRQ�RI�WKH�JDVWURLQWHVWLQDO�WUDFW��3UHYLRXVO\�GHYHORSHG�WHFKQLTXH�

RI� ;�UD\� RI� WKH� VWRPDFK�� IROORZHG� E\� SDVVDJH� RI� EDULXP� DQG� IROORZ�XS� RI� KLV�

HYDFXDWLRQ� GRHV� QRW� DOZD\V� JLYH� DQ� LGHD� DERXW� WKH� WRSLF� RI� WKH� SURFHVV�� HVSHFLDOO\�

ZKHQ�WKHUH�YLVWVHURSDULHWDO�DGKHVLRQV��8VLQJ�VLPLODU�PHWKRGRORJ\�WR�WKH�EDFNJURXQG�

SQHXPRSHULWRQHXP�HQKDQFHG�LWV�GLDJQRVWLF�VLJQLILFDQFH��)XUWKHU�LPSURYHPHQW�RI�WKH�

PHWKRG�RI� FRQWUDVW� VWXG\�ZDV� UHWURJUDGH� ILOOLQJ� RI� DGGLWLRQDO� FRORQ� GRXEOH� FRQWUDVW�

EDFNJURXQG� IRU� WKH� GHWHFWLRQ� RI� FRORQ� SDWKRORJ\�� 7KHVH� PHWKRGV� KDYH� RQH� YHU\�

VLJQLILFDQW�GUDZEDFN���D�ODUJH�UDGLDO�ORDG�DQG�LQYDVLYHQHVV�VWXGLHV�DW�ORZ�VSHFLILFLW\�

DQG�VHQVLWLYLW\�>��������@��

8OWUDVRQRJUDSK\��86*��DEGRPHQ��ZLGHVSUHDG�LQ�UHFHQW�\HDUV��RSHQLQJ�XS�QHZ�

SRVVLELOLWLHV� LQ� WKH� GLDJQRVLV� RI� SHULWRQHDO� DGKHVLYH� GLVHDVH�� HVSHFLDOO\� LQ� WKH�

GHYHORSPHQW�RI� DFXWH�DGKHVLYH� LQWHVWLQDO�REVWUXFWLRQ��+RZHYHU��XOWUDVRXQG�KHOSV� WR�

FKRRVH� WKH� ]RQH� HQWU\� WURDFDUV� LQWR� WKH� DEGRPLQDO� FDYLW\�� IUHH� RI� YLVWVHURSDULHWDO�

DGKHVLRQV�>����������@��

7KH� UROH� RI� ODSDURVFRS\� LQ� WKH� GLDJQRVLV� RI� SHULWRQHDO� DGKHVLYH� GLVHDVH� LV�

FXUUHQWO\�QRW�IXOO\�XQGHUVWRRG��$FFRUGLQJ�WR�VRPH�DXWKRUV��WKH�SUHVHQFH�RI�DGKHVLRQV�

LV� D� FRQWUDLQGLFDWLRQ� IRU� ODSDURVFRS\� DQG� WKH� ULVN� RI� LWV� XVH� ZKHQ� RWKHU� PHWKRGV�

XQMXVWLILHG�� :LWK� WKH� DGYHQW� RI� QHZ� WHFKQRORJLHV� LQ� HQGRVFRSLF� VXUJHU\� DQG� WKH�

GHYHORSPHQW�RI�VDIH�PHWKRGV�RI�ODSDURVFRSLF�DSSURDFK�LQ�WHUPV�RI�UHOD[DWLRQ��DV�ZHOO�

DV� ZLWK� WKH� XVH� RI� XOWUDVRXQG� WR� YLVXDOL]H� WKH� SRVVLELOLWLHV� RI� WKH� PHWKRG�

YLVWVHURSDULHWDO� DGKHVLRQV� LQFUHDVHG� VLJQLILFDQWO\� GHFUHDVHG� DQG� WKH� QXPEHU� RI�

FRPSOLFDWLRQV�>�����@��
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'HYHORSPHQW�DQG�RXWFRPH�DIWHU�VXUJHU\�UHSDUDWLRQ�SDUDPRXQW�GHSHQGV�RQ�WKH�

ORFDO�UHDFWLRQ�RI�LQIODPPDWRU\�FHOOV��WKH�VWDWH�RI�ORFDO�LPPXQLW\��ZKLFK�FRQWUROV�WKH�

GLIIHUHQWLDWLRQ�RI�SURJHQLWRU�FHOOV�LQWR�ILEUREODVWV�DQG�UHJXODWH�WKHLU�DFWLYLW\��/DZV�RI�

G\VUHJXODWLRQ�RI� WKH� LPPXQH�V\VWHP� LQ� WKH� IRUPDWLRQ�RI�DGKHVLRQV� UHPDLQ�YLUWXDOO\�

XQH[SORUHG���

/DWHO\�SDWKRJHQHWLF�VHDUFK�PHWKRGV�IRU�SUHYHQWLRQ�DQG�LPSDFW�RQ�WKH�DGKHVLRQ�

SURFHVV� LV� FRQGXFWHG� DPRQJ� GUXJV� DFWLQJ� RQ� LPPXQRELRORJLFDO� UHDFWLYLW\� RI� WKH�

RUJDQLVP��6HW�RI�SUHYHQWLYH�PHDVXUHV�GLUHFWHG�RQO\�WR�WKH�DFWLYDWLRQ�RI�LPPXQH�DQG�

FHOOXODU�HOHPHQWV�SUROLIHUDWLRQ�E\�DIIHFWLQJ�WKH�ORFDO�LQIODPPDWLRQ���

0HWKRG� ODSDURVFRS\� ZDV� ILUVW� XVHG� WR� WUHDW� WKH� DGKHVLYH� GLVHDVH� DQG� LWV�

FRPSOLFDWLRQV�ZLWK�KLJK�HIILFLHQF\�����WR�������LQ�SHGLDWULF�VXUJHU\�>������@��

%XW� UHPDLQV�XQGHYHORSHG�DOJRULWKP�WUHDWPHQW�RI� WKLV�GLVHDVH��DV�FRQVHUYDWLYH�

WKHUDS\� SURYLGHV� RQO\� D� WHPSRUDU\� HIIHFW�� DQG� LQ� ����� �� RI� SDWLHQWV� KH� DEVHQW��

7UDGLWLRQDO� VXUJLFDO� LQWHUYHQWLRQV�XVHG� LQ� LQWHVWLQDO�REVWUXFWLRQ� DQG�GR�QRW� JLYH� WKH�

GHVLUHG�HIIHFW��LQHYLWDEO\�FDXVLQJ�D�UHFXUUHQFH�RI�DGKHVLRQV��7R�GLDJQRVH�WKH�FDXVH�RI�

REVFXUH� DEGRPLQDO� SDLQ� LQ� UHFHQW� \HDUV� KDYH� LQFUHDVLQJO\� XVHG� WKH� ODSDURVFRSLF�

DSSURDFK�� 2SHUDWLYH� ODSDURVFRS\� LV� ZLGHO\� XVHG� WR� WUHDW� SDWLHQWV� ZLWK� DEGRPLQDO�

DGKHVLRQV�GLVHDVH�>����������@��

:LGH�UDQJLQJ� GLVFXVVLRQ� RQ� WKH� GLDJQRVLV�� VXUJLFDO� WUHDWPHQW� RI� DGKHVLYH�

GLVHDVH� DEGRPHQ� LQGLFDWHV� VXVWDLQHG� XUJHQF\� RI� WKLV� SUREOHP�� +HWHURJHQHLW\� RI�

V\PSWRPV�� GLDJQRVWLF� GLIILFXOWLHV� DQG� DPELJXLW\� RI� LQWHUSUHWDWLRQ� RI� WKH� UHVXOWV�

REWDLQHG��DV�ZHOO�DV�WKH�LQDGHTXDF\�RI�H[LVWLQJ�GLIIHUHQWLDO�FULWHULD�FDXVH�GLIILFXOW\�LQ�

FKRRVLQJ�D�UDWLRQDO�PHWKRG�RI�WUHDWLQJ�D�GLVHDVH��,W�UHPDLQV�XQFOHDU�SODFH�PLQLPDOO\�

LQYDVLYH� LQWHUYHQWLRQV� LQ� WKH� WUHDWPHQW� RI� SDLQIXO� IRUPV� RI� DEGRPLQDO� DGKHVLYH�

GLVHDVH�>��������@��

,Q�FRQQHFWLRQ�ZLWK�WKH�DERYH�VWDWHG��ZH�EHOLHYH�LW� LV�QHFHVVDU\�WR�DQDO\]H�WKH�

FDXVHV�RI�SHULWRQHDO�DGKHVLYH�GLVHDVH��DGYHUVH�RXWFRPHV�RI�DFXWH�DGKHVLYH�LQWHVWLQDO�

REVWUXFWLRQ� H[DPLQLQJ� JHQHWLF�� LPPXQRORJLFDO�� ELRFKHPLFDO� DQG� PRUSKRORJLFDO�

IHDWXUHV�RI� WKLV� JURXS�RI�SDWLHQWV�� GLVWLQJXLVK� DQDWRPLF� DQG� WRSRJUDSKLF� FULWHULD� IRU�

WKH�SRVVLELOLW\�RI�XVLQJ�WHFKQRORJ\�DV�D�PLQLPDOO\�LQYDVLYH�GLDJQRVLV�DQG�WUHDWPHQW�RI�
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DGKHVLYH�GLVHDVH�RI�WKH�SHULWRQHXP��GHYHORS�DQ�DOJRULWKP�IRU�GLDJQRVLV��QHZ�PHWKRGV�

RI� SUHYHQWLRQ� DQG� WUHDWPHQW� RI� VXUJLFDO� DGKHVLYH� GLVHDVH� RI� WKH� SHULWRQHXP�� LWV�

FRPSOLFDWLRQV��

�

5HIHUHQFHV��
��� Ȼɟɥɹɜɫɶɤɚ�Ȼ�Ɇ��Ƚɨɫɬɪɚ�ɫɩɚɣɤɨɜɚ�ɤɢɲɤɨɜɚ�ɧɟɩɪɨɯɿɞɧɿɫɬɶ�ɩɿɫɥɹ�ɚɩɟɧɞɟɤɬɨɦɿʀ�

��Ȼ�Ɇ��Ȼɟɥɹɜɫɶɤɚ����ɇɚɭɤ��ɜɿɫɧ��ɍɠɝɨɪɨɞ��ɭɧ�ɬɭ��ɫɟɪɿɹ��Ɇɟɞɢɰɢɧɚ����±�������±�ʋ�

����±�&���������

��� ȼɨɪɨɛɶɟɜ� $�$��� Ȼɟɛɭɪɢɲɜɢɥɢ� Ⱥ�Ƚ�� ɏɢɪɭɝɢɱɟɫɤɚɹ� ɚɧɚɬɨɦɢɹ�

ɨɩɟɪɢɪɨɜɚɧɧɨɝɨ�ɠɢɜɨɬɚ�ɢ�ɥɚɩɚɪɨɫɤɨɩɢɱɟɫɤɚɹ�ɯɢɪɭɪɝɢɹ�ɫɩɚɟɤ����ȼɨɪɨɛɶɟɜ�$�$���

Ȼɟɛɭɪɢɲɜɢɥɢ� Ⱥ�Ƚ�� ��� � �� ȼɨɥɝɨɝɪɚɞ�� Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ� ɭɱɪɟɠɞɟɧɢɟ� �ɂɡɞɚɬɟɥɶ���

�����������ɫ��

��� Ʌɚɩɚɪɨɫɤɨɩɢɱɟɫɤɢɟ�ɪɟɤɨɧɫɬɪɭɤɬɢɜɧɵɟ�ɜɦɟɲɚɬɟɥɶɫɬɜɚ�ɜ�ɤɨɥɨɩɪɨɤ�ɬɨɥɨɝɢɢ�

�� Ʌɭɰɟɜɢɱ� Ɉ�ɗ��� Ƚɚɥɥɚɦɨɜ� ɗ�Ⱥ��� Ɍɨɥɫɬɵɯ� Ɇ�ɉ�� ɢ� ɞɪ� ��� Ⱥɤɬɭɚɥɶɧɵɟ� ɜɨɩɪɨɫɵ�

ɤɨɥɨɩɪɨɤɬɨɥɨɝɢɢ��Ɇɚɬɟɪɢɚɥɵ���ɝɨ�ɫɴɟɡɞɚ�ɤɨɥɨɩɪɨɤɬɨɥɨɝɨɜ�Ɋɨɫɫɢɢ����ɍɮɚ��������

��ɋ�����������

��� Ʌɢɩɚɬɨɜ� ȼ�Ⱥ�� ɋɩɚɟɱɧɚɹ� ɛɨɥɟɡɧɶ� ɛɪɸɲɢɧɵ� ɤɚɤ� ɩɨɥɢɷɬɢɨɥɨɝɢɱɟɫɤɨɟ�

ɦɭɥɶɬɢɮɚɤɬɨɪɢɚɥɶɧɨɟ� ɡɚɛɨɥɟɜɚɧɢɟ� ��ȼ�Ⱥ��Ʌɢɩɚɬɨɜ��Ⱥ�Ⱦ��Ɇɹɫɧɢɤɨɜ�� ���ɋɛɨɪɧɢɤ�

ɦɚɬɟɪɢɚɥɨɜ� Ɋɨɫɫɢɣɫɤɨɣ� ɧɚɭɱɧɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ� ɫ� ɦɟɠɞɭɧɚɪɨɞɧɵɦ� ɭɱɚɫɬɢɟɦ�

�Ɇɟɞɢɤɨ� �� ɛɢɨɥɨɝɢɱɟɫɤɢɟ� ɚɫɩɟɤɬɵ� ɦɭɥɶɬɢɮɚɤɬɨɪɢɚɥɶɧɨɣ� ɩɚɬɨɥɨɝɢɢ��� ȼ� �� �� ɯ�

ɬɨɦɚɯ���Ʉɭɪɫɤ��ɄȽɆɍ����������Ɍɨɦ������ɋ�������������

��� Ɇɚɥɨɢɧɜɚɡɢɜɧɵɟ� ɬɟɯɧɨɥɨɝɢɢ� ɜ� ɞɢɚɝɧɨɫɬɢɤɟ� ɢ� ɥɟɱɟɧɢɢ� ɨɫɥɨɠɧɟɧɢɣ�

ɚɛɞɨɦɢɧɚɥɶɧɨɣ�ɯɢɪɭɪɝɢɢ���Ⱥ�Ƚ��Ȼɟɛɭɪɢɲɜɢɥɢ��ɂ�ȼ��Ɇɢɯɢɧ��Ⱥ�ɇ��Ⱥɤɢɧɱɢɰ��ȿ�ȿ��

ȿɥɢɫɬɪɚɬɨɜɚ�����ɗɧɞɨɫɤɨɩɢɱɟɫɤɚɹ�ɯɢɪɭɪɝɢɹ������������ʋ������ɋ����������

��� Ɇɟɬɨɞɵ� ɩɪɨɮɢɥɚɤɬɢɤɢ� ɛɪɸɲɢɧɧɵɯ� ɫɩɚɟɤ� ɩɪɢ� ɨɫɬɪɨɣ� ɫɩɚɟɱɧɨɣ�

ɤɢɲɟɱɧɨɣ� ɧɟɩɪɨɯɨɞɢɦɨɫɬɢ� �� ɋ�ɇ�� ɏɭɧɚɮɢɧ�� Ƚ�Ⱥ�� Ɇɭɪɡɢɧ�� $�$�� ɇɭɪɢɚɯɦɟɬɨɜ��

ɂ�ɏ�� Ƚɚɬɬɚɪɨɜ� ��� ɇɨɜɵɟ� ɬɟɯɧɨɥɨɝɢɢ� ɜ� ɯɢɪɭɪɝɢɢ�� Ɂɞɪɚɜɨɨɯɪɚɧɟɧɢɟ�

Ȼɚɲɤɨɪɬɨɫɬɚɧɚ������������ʋ���ɫɩɟɰ��ɜɵɩɭɫɤ����ɋ������������
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��� ɇɨɜɵɣ� ɩɨɞɯɨɞ� ɤ� ɩɪɨɮɢɥɚɤɬɢɤɟ� ɢ� ɥɟɱɟɧɢɸ� ɩɨɫɥɟɨɩɟɪɚɰɢɨɧɧɨɝɨ�

ɫɩɚɣɤɨɨɛɪɚɡɨɜɚɧɢɹ� �Ⱥ�Ʌ�� Ɇɢɪɢɧɝɨɮ�� ȼ�ȼ�� ɇɨɜɢɤɨɜ�� Ȼ�ɋ�� ɋɭɤɨɜɚɬɵɯ� ɢ� ɞɪ�� ���

ɗɧɞɨɫɤɨɩɢɱɟɫɤɚɹ�ɯɢɪɭɪɝɢɹ������������ʋ����ɋ�����������

��� ɋɢɞɨɪɱɭɤ� Ɋ�ȱ��Ⱥɛɞɨɦɿɧɚɥɶɧɢɣ� ɫɟɩɫɢɫ� �Ɋ�ȱ��ɋɢɞɨɪɱɭɤ�� ±�ɑɟɪɧɿɜɰɿ�� ȻȾɆɍ��

������±�����ɫ��

��� əɳɭɤ� Ⱥ�Ƚ��� Ɇɟɬɨɞ� ɩɪɨɮɢɥɚɤɬɢɤɢ� ɫɩɚɟɱɧɨɣ� ɛɨɥɟɡɧɢ� ɛɪɸɲɢɧɵ� ɜ�

ɧɟɨɬɥɨɠɧɨɣ�ɝɢɧɟɤɨɥɨɝɢɢ���Ⱥ�Ƚ��əɳɭɤ��ɇ�Ƚ��Ʉɭɥɶɦɭɯɚɦɟɬɨɜɚ����ɇɨɜɵɟ�ɬɟɯɧɨɥɨɝɢɢ�

ɜ� ɯɢɪɭɪɝɢɢ�� Ɂɞɪɚɜɨɨɯɪɚɧɟɧɢɟ� Ȼɚɲɤɨɪɬɨɫɬɚɧɚ�� �� ������ �� ʋ� ��� ɫɩɟɰ�� ɜɵɩɭɫɤ�� ��

ɋ������������

���� 6DHG�*�0��'LIIHUHQWLDO�H[SUHVVLRQ�RI�DOSKD�VPRRWK�PXVFOH�FHOO�DFWLQ�LQ�KXPDQ�

ILEUREODVWV� LVRODWHG� IURP� LQWUDSHULWRQHDO� DGKHVLRQV� DQG� QRUPDO� SHULWRQHDO� WLVVXHV� ��

*�0��6DHG��0�3��'LDPRQG����)HUWLO��6WHULO��±�������±�ʋ���������±�3�������������

���� $,� &KDODEL� +�$��� 9DOXH� RI� D� VLQJOH� LQWUDSHULWRQHDO� GRVH� RIKHSDULQ� LQ�

SUHYHQWLRQ� RI� DGKHVLRQ� IRUPDWLRQ�� DQ� H[SHULPHQWDO� HYDOXWLRQ� LQ� UDWV�� �� +�$�� $,�

&KDODEL��-�$��2WXGR����,QW�-�)HUWLO������������9R,������ʋ�������3�������������

���� $�UDQGRPL]HG�FRQWUROOHG�WULDO�RI������IHUULF�K\DOXURQDWH�JHO��,QWHUJHO��LQ�WKH�

SUHYHQWLRQ� RI� DGKHVLRQ� IROORZLQJ� DEGRPLQDO� VXUJHU\� �� &�/�� 7DQJ�� '�� *�� -D\QH�� )��

6HRZ�&KRHQ�HW��DO�����$QQ��6XUJ��±�������±�9RO�������±�3�����������

���� 0RQW]� )�� -�� 7KH�*RUH�7H[� VXUJLFDO�PHPEUDQH�� HIIHFWLYHQHVV� DV� D� EDUULHU� WR�

LQKLELW� SRVWUDGLFDO�SHOYLF� VXUJHU\� DGKHVLRQV� LQ� D�SRUFLQH�PRGHO� ��)�� -��0RQW]��%�� -��

0RQN��6��0��/DF\����*\QHFRO��2QFRO��±�������±�9RO������±�3�����������

���� 3UHYHQWLRQ� RI� SRVWRSHUDWLYH� DEGRPLQDO� DGKHVLRQ� E\� D� VRGLXP� K\DOXURQDWH�

EDVHG�ELRUHVRUEDEOH�PHPEUDQH��D�SURVSHFWLYH��UDQGRPL]HG��GRXEOH�EOLQG�PXOWLFHQWHU�

VWXG\���'��(��%HFNHU��0��7��'D\WRQ��9��:��)D]LR�HW�DO�����-��$P��&ROO��6XUJ��±�������±�

9RO�������±�3�����������

���� 3UHYHQWLRQ�RI�SRVWRSHUDWLYH�DEGRPLQDO�DGKHVLRQV�E\�D�QRYHO��JO\FHURO�VRGLXP�

K\DOXURQDWH�FDUER[\PHWK\OFHOOXORVH�EDVHG� ELRUHVRUEDEOH� PHPEUDQH�� D� SURVSHFWLYH��

UDQGRPL]HG�� HYDOXDWRU�EOLQGHG�PXOWLFHQWHU� VWXG\�� =�� &RKHQ�� $�� -�� 6HQDJRUH��0�� 7���

'D\WRQ�HW��DO�����'LV��&RORQ�5HFWXP��±�������±�9RO������±�3�������������
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���� 5HGXFWLRQ�LQ�DGKHVLYH�VPDOOERZHO�REVWUXFWLRQ�E\�6HSUDILOP�DGKHVLRQ�EDUULHU�

DIWHU�LQWHVWLQDO�UHVHFWLRQ���9�:��)D]LR��=��&RKHQ��-�:��)OHVKPDQ�HW�DO�� ���'LV��&RORQ��

5HFWXP��±�������±�9RO������±�3��������

���� 6SDUQRQ� $�� /�� 3KDUPDFRORJLFDO� PDQLSXODWLRQ� � RI� SRVWRSHUDWLYH� LQWHVWLQDO�

DGKHVLRQV���$��/��6SDUQRQ��/��6SOLW]����$XVW��1��=��-��6XUJ��±�������±�9RO������±�3������

�����

���� 7KH� LQFLGHQFH� DQG� ULVN� IDFWRUV� RI� SRVW�ODSDURWRP\� DGKHVLYH� VPDOO� ERZHO�

REVWUXFWLRQ��*��%DUPSDUDV��%�&��%UDQFR��%��6FKQXULJHU�HW�DO����-��*DVWURLQWHVW��6XUJ��±�

������±�9RO������1�����±�3�������±�������

���� 9ULMODQG� :�� :�� )HZHU� LQWUDSHULWRQHDO� DGKHVLRQV� ZLWK� XVH� RI� K\DOXURQLF�

DFLGFDUER[\PHWK\OFHOOXORVH�PHPEUDQH��D�UDQGRPL]H�FOLQLFDO�WULDO���:��:��9ULMODQG��/��

1��7VHQJ���+��-��(LMNPDQ�HW�DO�����$QQ��6XUJ��±�������±�9RO�������1����±�3������������

���� 5HGXFWLRQ�LQ�YLVFHUDO�VOLGH�LV�D�JRRG�VLJQ�RI�XQGHUO\LQJ�SRVWRSHUDWLYH�YLVFHUR�

SDULHWDO�DGKHVLRQV� LQ�FKLOGUHQ� ��+�/��7DQ��.�5��6KDQNDU��1��$GH��$MD\L� >HW�DO�@� ��� -��

3HGLDWU��6XUJ��±�������±�ʋ���������±�3�����������

���� 9ULMODQG� ::�� -HHNHO� -�� *HOGRUS� +-�� 6ZDQN� '-�� %RQMHU� +-�� $EGRPLQDO�

DGKHVLRQV�� LQWHVWLQDO� REVWUXFWLRQ�� SDLQ�� DQG� LQIHUWLOLW\�� 6XUJ� (QGRVF� ������������±

������

���� 0HQ]LHV�'�� 3DUNHU�0��+RDUH�5��.QLJKW�$�� 6PDOO� ERZHO�REVWUXFWLRQ�GXH� WR�

SRVWRSHUDWLYH� DGKHVLRQV�� 7UHDWPHQW� SDWWHUQV� DQG� DVVRFLDWHG� FRVWV� LQ� ���� KRVSLWDO�

DGPLVVLRQV��$QQ�5�&ROO�6XUJ�(QJO�����������±�����

���� )HYDQJ� %7�� -HQVHQ� '�� 6YDQHV� .�� 9LVWH� $�� (DUO\� RSHUDWLRQ� RU� FRQVHUYDWLYH�

PDQDJHPHQW�RI�SDWLHQWV�ZLWK�VPDOO�ERZHO�REVWUXFWLRQ"�(XU�-�6XUJ�������������±���

����0LOOHU�*��%RPDQ�-��6KULHU�,��*RUGRQ�3+��1DWXUDO�KLVWRU\�RI�SDWLHQWV�ZLWK�DGKHVLYH�

VPDOO�ERZHO�REVWUXFWLRQ��%U�-�6XUJ�������������±������

���� )HYDQJ� %7�� )HYDQJ� -0�� 6¡UHLGH� 2�� 6YDQHV� .�� 9LVWH� $�� 'HOD\� LQ� RSHUDWLYH�

WHDWPHQW�DPRQJ�SDWLHQWV�ZLWK� VPDOO�ERZHO�REVWUXFWLRQ��6FDQG�-�6XUJ������������±

�����

�



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

,QWHU�FROOHJDV��±�������±��������

��

�

Ɋɟɡɸɦɟ�� ȼ� ɞɚɧɢɣ� ɱɚɫ� ɫɩɚɣɤɨɜɚ� ɯɜɨɪɨɛɚ� ɽ� ɨɞɧɢɦ� ɡ� ɧɚɣɛɿɥɶɲ� ɩɨɲɢɪɟɧɢɯ�
ɡɚɯɜɨɪɸɜɚɧɶ�ɭ�ɫɜɿɬɿ��ɳɨ�ɩɪɢɡɜɨɞɢɬɶ�ɞɨ�ɲɜɢɞɤɨʀ�ɿɧɜɚɥɿɞɢɡɚɰɿʀ�ɯɜɨɪɢɯ�ɿ�ɡɧɚɱɧɨɝɨ�
ɡɧɢɠɟɧɧɹ� ɹɤɨɫɬɿ� ɠɢɬɬɹ�� ɋɬɚɬɬɹ� ɩɪɢɫɜɹɱɟɧɚ� ɧɟɨɛɯɿɞɧɨɫɬɿ� ɚɧɚɥɿɡɭ� ɩɪɢɱɢɧ�
ɩɟɪɢɬɨɧɟɚɥɶɧɨʀ� ɫɩɚɣɤɨɜɨʀ� ɯɜɨɪɨɛɢ�� ɧɟɫɩɪɢɹɬɥɢɜɢɯ� ɪɟɡɭɥɶɬɚɬɿɜ� ɝɨɫɬɪɨʀ�
ɫɩɚɣɤɨɜɨʀ�ɤɢɲɤɨɜɨʀ�ɧɟɩɪɨɯɿɞɧɨɫɬɿ��ɡ�ɞɨɫɥɿɞɠɟɧɧɹɦ�ɝɟɧɟɬɢɱɧɢɯ�� ɿɦɭɧɨɥɨɝɿɱɧɢɯ��
ɛɿɨɯɿɦɿɱɧɢɯ� ɿ� ɦɨɪɮɨɥɨɝɿɱɧɢɯ� ɨɫɨɛɥɢɜɨɫɬɟɣ� ɰɿɽʀ� ɝɪɭɩɢ� ɯɜɨɪɢɯ�� ȼɢɞɿɥɟɧɨ�
ɚɧɚɬɨɦɿɱɧɿ� ɬɚ� ɬɨɩɨɝɪɚɮɿɱɧɿ� ɤɪɢɬɟɪɿʀ� ɞɥɹ� ɦɨɠɥɢɜɨɝɨ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɬɟɯɧɨɥɨɝɿʀ�
ɦɿɧɿɦɚɥɶɧɨ� ɿɧɜɚɡɢɜɧɨʀ�ɞɿɚɝɧɨɫɬɢɤɢ�ɬɚ�ɥɿɤɭɜɚɧɧɹ�ɫɩɚɣɤɨɜɨʀ� ɯɜɨɪɨɛɢ�ɨɱɟɪɟɜɢɧɢ��
ɪɨɡɪɨɛɤɢ� ɚɥɝɨɪɢɬɦɭ� ɞɥɹ� ɞɿɚɝɧɨɫɬɢɤɢ�� ɧɨɜɢɯ�ɦɟɬɨɞɿɜ�ɩɪɨɮɿɥɚɤɬɢɤɢ� ɿ� ɥɿɤɭɜɚɧɧɹ�
ɯɿɪɭɪɝɿɱɧɨʀ�ɫɩɚɣɤɨɜɨʀ�ɯɜɨɪɨɛɢ�ɨɱɟɪɟɜɢɧɢ��ʀʀ�ɭɫɤɥɚɞɧɟɧɶ��
Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɫɩɚɣɤɨɜɚ�ɯɜɨɪɨɛɚ��ɦɨɪɮɨɥɨɝɿɹ��ɭɫɤɥɚɞɧɟɧɧɹ��
�
Ɋɟɡɸɦɟ�� ȼ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɫɩɚɟɱɧɚɹ� ɛɨɥɟɡɧɶ� ɹɜɥɹɟɬɫɹ� ɨɞɧɢɦ� ɢɡ� ɧɚɢɛɨɥɟɟ�
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ�ɡɚɛɨɥɟɜɚɧɢɣ�ɜ�ɦɢɪɟ��ɱɬɨ�ɩɪɢɜɨɞɢɬ�ɤ�ɛɵɫɬɪɨɣ�ɢɧɜɚɥɢɞɢɡɚɰɢɢ�
ɛɨɥɶɧɵɯ� ɢ� ɡɧɚɱɢɬɟɥɶɧɨɦɭ� ɫɧɢɠɟɧɢɸ� ɤɚɱɟɫɬɜɚ� ɠɢɡɧɢ�� ɋɬɚɬɶɹ� ɩɨɫɜɹɳɟɧɚ�
ɧɟɨɛɯɨɞɢɦɨɫɬɢ� ɚɧɚɥɢɡɚ� ɩɪɢɱɢɧ� ɩɟɪɢɬɨɧɟɚɥɶɧɨɣ� ɫɩɚɟɱɧɨɣ� ɛɨɥɟɡɧɢ��
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ� ɢɫɯɨɞɨɜ� ɨɫɬɪɨɣ� ɫɩɚɟɱɧɨɣ� ɤɢɲɟɱɧɨɣ� ɧɟɩɪɨɯɨɞɢɦɨɫɬɢ�� ɫ�
ɢɫɫɥɟɞɨɜɚɧɢɟɦ� ɝɟɧɟɬɢɱɟɫɤɢɯ�� ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɢɯ�� ɛɢɨɯɢɦɢɱɟɫɤɢɯ� ɢ�
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ� ɨɫɨɛɟɧɧɨɫɬɟɣ� ɷɬɨɣ� ɝɪɭɩɩɵ� ɛɨɥɶɧɵɯ�� ȼɵɞɟɥɟɧɵ�
ɚɧɚɬɨɦɢɱɟɫɤɢɟ� ɢ� ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɟ� ɤɪɢɬɟɪɢɢ� ɞɥɹ� ɜɨɡɦɨɠɧɨɝɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ�
ɬɟɯɧɨɥɨɝɢɢ�ɦɢɧɢɦɚɥɶɧɨ�ɢɧɜɚɡɢɜɧɨɣ�ɞɢɚɝɧɨɫɬɢɤɢ�ɢ�ɥɟɱɟɧɢɹ� ɫɩɚɟɱɧɨɣ�ɛɨɥɟɡɧɢ�
ɛɪɸɲɢɧɵ�� ɪɚɡɪɚɛɨɬɤɢ� ɚɥɝɨɪɢɬɦɚ� ɞɥɹ� ɞɢɚɝɧɨɫɬɢɤɢ�� ɧɨɜɵɯ� ɦɟɬɨɞɨɜ�
ɩɪɨɮɢɥɚɤɬɢɤɢ� ɢ� ɥɟɱɟɧɢɹ� ɯɢɪɭɪɝɢɱɟɫɤɨɣ� ɫɩɚɟɱɧɨɣ� ɛɨɥɟɡɧɢ� ɛɪɸɲɢɧɵ�� ɟɺ�
ɨɫɥɨɠɧɟɧɢɣ��
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɫɩɚɟɱɧɚɹ�ɛɨɥɟɡɧɶ��ɦɨɪɮɨɥɨɝɢɹ��ɨɫɥɨɠɧɟɧɢɹ��
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