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ত蝱ᤈ矒ګလ咅牧蝢ଉๅ櫞嘦藨穥ࡃጱ戡䥁牐�

戡䥁ྍڡ

穥ࡃጱ戡䥁膏戺
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የՈጱ珅ዩ制
ฎ玽痀ෝَࣳጱ穥ࡃዩ制牫

托奞የݥ扇㺔现ቘ䋊䲒礚ጱ奾ຎ
ฎ玽ඪ瞱穥ࡃ戡䥁牫

ᘍ眾朼䌘磧ݢ胼ጱ戡䥁
奾ຎ琲手蝱ᤈလ咅牧
ฎ旉戡矑ݑ蝱Ӟྍ䲒礚

朼䌘ٌ犢戡䥁奾ຎ蝱ᤈလ咅

ඪ穥ᓕ硌皰㴫ݢ蝖介涢Ӿጱ胑ᰁ
懯�3()介ᰁ꧊ฎ玽ඪ瞱穥ࡃ戡䥁牫

䌘穥ࡃ蝱ᤈလ咅

ፘᵍӞྦྷ碻樌ٚ稞䲒涢蝱
ᤈٌ犢䲒涢牧奾ຎฎ玽ඪ瞱
穥ࡃ戡䥁牫

蝱Ӟྍጱ托奞የݥ扇㺔现䲒礚
奾ຎฎ玽ඪ瞱ٌ犢戡䥁牫

ฎ

ฎ

ฎ

玽

玽

玽

玽

玽

ฎ

ฎ

牨犥,&6蝱ᤈ妿涢咅
ဩ牧磪襑穩碻ֵݢ
አ6$%$

牨戺လ咅硳ຎ
牨ࣁ�a�㮆์獉蝱ᤈ
戡䥁䲒介

舙制丆姴盪牧
Ӭ犋ᒧٌݳ犢戡䥁碻

瑽����屷ଥྍڡ戡䥁窕纷瑽
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穥ࡃጱዩ制牧ইࡃ澕牧胷䘇牧珅盪ߖ牧蝢ଉࣁ

毱ሲ䔶ଶӤ磪ಅ犋ݶ牧犋臑ጱዩ制矒ګ膏穥ࡃ䘣玕ጱ觓檺

ीੂے獥ፘ橕牐����穥ࡃጱ矒ګ戺牧䛑ྯࣁӞ稞疰戡碻蝱ᤈ

穥ࡃጱ矒ګ戺牧ୌ捍扇㺔የՈ螂݄ࢥ蝰ጱ眐୵�蔭����牧۱

ೡ物穥ࡃዩ制ጱ咳ኞ毱ሲ�ྯ蝰皃෭�牧ࢩ傶穥ࡃၚ㵕ݑ褖

ᘒࣁज़樌蠣㬵ጱ稞碍牧犥现ֵአᎨ硳ࣳԚԫࣳԻ眤ᐟ妿گ筕

㴫�6$%$�犥娓薹ዩ制ጱ毱ሲ牧֕㪔犋۱ೡ螀㵕獮ֵአጱ娓薹

ࣳ萳ᇔ牧ࢩ傶蝡蝢ଉฎଉ憒ጱֵአොୗ牐

ፓ獮ୌ捍狅襑ᥝ碻ֵአጱ珅獈ࣳ觊ࢴ蠛㬫�)RUPRWHURO�

�,&6�IRUPRWHURO��ጱֵአ毱ሲ牧犋䛑扗۱ೡࣁዩ制矒ګጱ戺

Ӿ牧疪ٌฎ朼䌘๚ֵአ姘瞱珅獈ࣳ觊ࢴ蠛ጱየՈ牧ࢩ傶

珅獈ࣳ觊ࢴ蠛㬫�)RUPRWHURO�,&6�IRUPRWHURO��ฎ痀ෝ矒ࣳګ

ጱ萳ᇔ牐֕種ୌ捍Ֆ襑ᥝ盃磪蝱Ӟྍጱ䋿挨蠴䋊碍硁盅牧᯿

碝ٚ懵抷牐�

穥ࡃዩ制矒ګ戺

$�ዩ制矒ګ

%�犋臑毆盅ԏܧ檺ࢩৼ

矒ګ
臑অ

ዩ制矒ګ纷ଶ

蟂獤
矒ګ

矒ګ
犋֯

篷犨֜
��殻

磪ٌӾ
�a��殻

磪ٌӾ
�a��殻

螂݄ࢥ蝰獉牧የՈฎ玽้妿

Ŏ�ྯ蝰ฎ玽ڊ匍᩻螂獋稞ጱ෭樌穥ࡃዩ制"
Ŏ�ฎ玽ࢩ傶穥ࡃᘒࣁज़樌蠣㬵"
Ŏ�傶ԧ娓薹ዩ制牧ྯ蝰ฎ玽ֵአ
᩻螂獋稞ጱ�6$%$牫

Ŏ�ฎ玽ࢩ傶穥ࡃᘒֵၚ㵕کݑێ褖ګ"

戡䥁碻ਧ๗蝍擽䛑戺ܧ檺ࢩৼ牧粬獨ฎ磪盪䘣玕የՈ牐
ۑ萳ᇔလ咅��a��㮆์牧䛑介ᰁ�)(9�牧犥懿袅የՈ磧֯胑ࣳګ矒ݑ矑ࣁ
胼牧㪔䛑ਧ๗蝱ᤈ觓檺�犋臑毆盅�戺牐

蔭������౮Ո*,1$穥ࡃ戺蔭
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穥ࡃዩ制矒ګ犋֯ฎ๚㬵䘣玕ጱ᯿ᥝܧ檺ࢩৼ��

胼磪咳ኞ䘣玕ݢዩ制犋ก氥ጱየՈ牧犖ࣁֵܨ
ጱ笴ܧࣁ檺ࢩৼ牧۱ೡ物

ٌ犢Ԇᥝጱ加缏盪䘣玕ࢩৼ物

Ŏ�萳ᇔፘ橕物6$%$�ֵአ螂ᰁ����!��[����㴫ᰁ�
絵�์碻稴犜觓檺܋ṛ�����,&6�ֵአ犋᪃物๚
ֵአ牏螞㾖癩�牏ֵአ犋吚��

Ŏو�የዩ物胅胠�����牏眸ἲ缍箪�����牏胓觬螇蝖
窕��牏嘦藨ጱ觬ᇔ螂硵��牏睲��

Ŏ�矑藉觓檺ࢩৼ物珅苑��牏膌硵螂硵ܻ��牏绚穥
䷔礕�����

Ŏ�የՈ胙ว物᯿य़ஞቘᐒ妿㺔氂��

Ŏ�胑ۑ胼物)(9��ੜෝ毆介꧊���������牏ඪ穥ᓕ
硌皰盅ጱṛݢ蝖��������

Ŏ�ٌ犢䲒礚物朼䌘ᒫԫࣳ咳箪玱䛑穥ࡃየՈ物
ᤅ႖琡蠑ጮᤅ純ीग़��������牏)H12܋ṛ�ֵ
አ�,&6�ጱ螂硵ࣳ穥ࡃየՈ���

Ŏ�้ࢩ穥ࡃ䘣玕ᘒ蝱ᤈ矠ᓕے虁የ瞆֘ᴺ��

Ŏ�螂݄�ଙ獉้咳ኞɘӞ稞瑥᯿盪䘣玕�����

碪ֵዩ制矒ګ臑অ牧
य़ෝӞ㮆犥Ӥૢڜ
ৼ牧የՈ盪ࢩ檺ܧ
䘣玕觓檺ܨṛ牐

咳疻౮瞱媲穥窕ݑ褖ጱܧ檺ࢩৼ

Ŏ�የݥ物叨牏ڊኞ誢᯿犵䊟㱾誢᯿ीے斃ग़��牏眸讞႖獤ဥ螂ग़�����

Ŏ�耬ԓ�,&6�လ咅��

Ŏ�矑藉物珅苑��牏磪ྰ玕䋊ᇔ搡牏肬禂ู襷��

Ŏ�ᒫӞ稞�)(9��狳犵��牏綱႖ᤅ႖Ӿ琡蠑ጮᤅ純ीग़��

咳ኞ萳ᇔ֢ۅአጱܧ檺ࢩৼ

Ŏ�獊蛪物毱耆ֵአ2&6牏裾๗ֵአṛ㴫ᰁ䔶硳�,&6牏ݶ碻矑3ݑ���
ಪګ㴫လ咅��

Ŏ�ੴ蟂物ṛ㴫ᰁ䔶硳�,&6�����牏珅獈瑊ֵአ犋吚��

6$%$物Ꭸ硳ࣳԚԫࣳԻ眤ᐟ妿گ筕㴫�VKRUW�DFWLQJ�ǃ�DJRQLVW���
)(9�物አێ穥Ӟᑁᰁ�IRUFH�H[SLUDWRU\�YROXPH�LQ���VHFRQG���
,&6物珅獈ࣳ觊ࢴ蠛�LQKDOHG�FRUWLFRVWHURLG���
)H12物穥Ӟ࿔玕穦策ଶ�IUDFWLRQDO�H[KDOHG�QLWULF�R[LGH��
2&6物ݗ๐ࣳ觊ࢴ蠛�RUDO�FRUWLFRVWHURLG���
3����ಪګ㴫牧ֺই物ULWRQDYLU��NHWRFRQD]ROH��LWUDFRQD]ROH�

�矎ᴻ螀㵕獮ֵአ娓薹萳ᇔጱ稞碍
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墋ฃ塟䲒戺ૡٍฎݢ犥׀च䍅屷ଥ蠴䒍՚奞戺

穥ࡃዩ制矒ګ纷ଶጱӞ㮆盠蝧ොဩ牐ֺই�*,1$�׀ጱ�

*,1$穥ࡃ戺蔭�蔭���$�牧蝡㮆戺ොဩಅ׀ጱ奾ຎ

碍꧊玕穥ࡃ矒ګ戺ૡٍጱ奾ຎਂࣁፘ橕�����牐種戺蔭

舙胼ݳ㬫穥ࡃ犋֯奾ຎܧ檺ࢩৼ�蔭���%��ֵአ牧ݢ犥疩

လ咅ጱ究ᒽ牐ᴻԧڥአ墋㻌ጱ塟䲒ૡٍक़牧ݚӞ㮆戺ૡ

ٍ�$3*$5�$FWLYLWLHV��3HUVLVWHQW��WUL**HUV��$VWKPD�

PHGLFDWLRQV��5HVSRQVH�WR�WKHUDS\��犖ݢ犥አ㬵蝱ᤈ穥ࡃ

矒ګጱ戺牐�

$3*$5�戺獉۱珀物ၚ㵕褖ګ牧ዩ制瞱媲�ጮॠ

ज़樌ጱዩ制咳ኞ毱ሲ�牧藬咳ࢩৼ牧አ萳螞㾖犥现የՈ䌘

綧የလ咅ጱ玱䛑牐種戺ݢ׀蠴虁Ո㹓አෝ蜣蘷የՈዩ

制㪔蝱ᤈ܋褩褔褩ጱလ咅牐聅㾴ጱӞ殻Ꮈ绗౮ຎ氥纈牧

朼䌘��a���䵇穥ࡃየՈ蝱ᤈ�$3*$5�ጱ戺牧ݢ硬珿穥ࡃ

矒ګሲ牏仂姴盪蠴咅膏疰蠴穉ሲ现ीےአ萳ጱ螞㾖牐��

౮Ո覇ଙ穥ࡃዩ制矒ګ戺ૡٍ
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/HY\�0/��)OHWFKHU�0��3ULFH�'%��+DXVHQG�7��+DOEHUW�5-��<DZQ�%3�����
,QWHUQDWLRQDO�3ULPDU\�&DUH�5HVSLUDWRU\�*URXS��,3&5*��*XLGHOLQHV物�GLDJQRVLV�
RI�UHVSLUDWRU\�GLVHDVHV�LQ�SULPDU\�FDUH��3ULPDU\�&DUH�5HVSLUDWRU\�-RXUQDO�
�������物������

*OREDO�,QLWLDWLYH�IRU�$VWKPD�������*,1$�5HSRUW��*OREDO�6WUDWHJ\�IRU�$VWKPD�
0DQDJHPHQW�DQG�3UHYHQWLRQ�������

0F&R\�.��6KDGH�'0��,UYLQ�&*��HW�DO��3UHGLFWLQJ�HSLVRGHV�RI�SRRU�DVWKPD�
FRQWURO�LQ�WUHDWHG�SDWLHQWV�ZLWK�DVWKPD��-RXUQDO�RI�$OOHUJ\�DQG�&OLQLFDO�
,PPXQRORJ\���������物��������

0HOW]HU�(2��%XVVH�::��:HQ]HO�6(��HW�DO��8VH�RI�WKH�$VWKPD�&RQWURO�
4XHVWLRQQDLUH�WR�SUHGLFW�IXWXUH�ULVN�RI�DVWKPD�H[DFHUEDWLRQ��-RXUQDO�RI�
$OOHUJ\�DQG�&OLQLFDO�,PPXQRORJ\���������物�������

6FKDW]�0��=HLJHU�56��<DQJ�6�-��HW�DO��7KH�UHODWLRQVKLS�RI�DVWKPD�LPSDLUPHQW�
GHWHUPLQHG�E\�SV\FKRPHWULF�WRROV�WR�IXWXUH�DVWKPD�H[DFHUEDWLRQV��&KHVW�
��������物������

+DVHONRUQ�7��)LVK�-(��=HLJHU�56��HW�DO��&RQVLVWHQWO\�YHU\�SRRUO\�FRQWUROOHG�
DVWKPD��DV�GHƉQHG�E\�WKH�LPSDLUPHQW�GRPDLQ�RI�WKH�([SHUW�3DQHO�5HSRUW���
JXLGHOLQHV��LQFUHDVHV�ULVN�IRU�IXWXUH�VHYHUH�DVWKPD�H[DFHUEDWLRQV�LQ�7KH�
(SLGHPLRORJ\�DQG�1DWXUDO�+LVWRU\�RI�$VWKPD物�2XWFRPHV�DQG�7UHDWPHQW�
5HJLPHQV��7(125��VWXG\��-RXUQDO�RI�DOOHUJ\�DQG�FOLQLFDO�LPPXQRORJ\�
��������物���������H��

3DWHO�0��3LOFKHU�-��5HGGHO�+.��HW�DO��0HWULFV�RI�VDOEXWDPRO�XVH�DV�SUHGLFWRUV�
RI�IXWXUH�DGYHUVH�RXWFRPHV�LQ�DVWKPD��&OLQ�([S�$OOHUJ\��������物��������

6XLVVD�6��(UQVW�3��%RLYLQ�-)��HW�DO��$�FRKRUW�DQDO\VLV�RI�H[FHVV�PRUWDOLW\�LQ�
DVWKPD�DQG�WKH�XVH�RI�LQKDOHG�EHWD�DJRQLVWV��$P�-�5HVSLU�&ULW�&DUH�0HG�
��������物�������

(UQVW�3��6SLW]HU�:2��6XLVVD�6��HW�DO��5LVN�RI�IDWDO�DQG�QHDU�IDWDO�DVWKPD�LQ�
UHODWLRQ�WR�LQKDOHG�FRUWLFRVWHURLG�XVH��-DPD���������物�������

0HODQL�$6��%RQDYLD�0��&LOHQWL�9��HW�DO��,QKDOHU�PLVKDQGOLQJ�UHPDLQV�FRPPRQ�
LQ�UHDO�OLIH�DQG�LV�DVVRFLDWHG�ZLWK�UHGXFHG�GLVHDVH�FRQWURO��5HVSLU�0HG�
��������物������

)LW]SDWULFN�6��-RNV�5��6LOYHUEHUJ�-,��2EHVLW\�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�
DVWKPD�VHYHULW\�DQG�H[DFHUEDWLRQV��DQG�LQFUHDVHG�VHUXP�LPPXQRJOREXOLQ�(�
LQ�LQQHU�FLW\�DGXOWV��&OLQ�([S�$OOHUJ\��������物�������

'HQOLQJHU�/&��3KLOOLSV�%5��5DPUDWQDP�6��HW�DO��,QƊDPPDWRU\�DQG�&RPRUELG�
)HDWXUHV�RI�3DWLHQWV�ZLWK�6HYHUH�$VWKPD�DQG�)UHTXHQW�([DFHUEDWLRQV��$P�-�
5HVSLU�&ULW�&DUH�0HG���������物�������

%RXVTXHW�-��.KDOWDHY�1��&UX]�$$��HW�DO��$OOHUJLF�5KLQLWLV�DQG�LWV�,PSDFW�RQ�
$VWKPD��$5,$�������XSGDWH��LQ�FROODERUDWLRQ�ZLWK�WKH�:RUOG�+HDOWK�
2UJDQL]DWLRQ��*$���/(1�DQG�$OOHU*HQ���$OOHUJ\���������6XSSO���物������
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%XUNV�$:��7DQJ�0��6LFKHUHU�6��HW�DO��,&21物�IRRG�DOOHUJ\��-�$OOHUJ\�&OLQ�
,PPXQRO���������物�������

0XUSK\�9(��&OLIWRQ�9/��*LEVRQ�3*��$VWKPD�H[DFHUEDWLRQV�GXULQJ�
SUHJQDQF\物�LQFLGHQFH�DQG�DVVRFLDWLRQ�ZLWK�DGYHUVH�SUHJQDQF\�
RXWFRPHV��7KRUD[��������物�������

2VERUQH�0/��3HGXOD�./��2
+ROODUHQ�0��HW�DO��$VVHVVLQJ�IXWXUH�QHHG�IRU�
DFXWH�FDUH�LQ�DGXOW�DVWKPDWLFV物�WKH�3URƉOH�RI�$VWKPD�5LVN�6WXG\物�D�
SURVSHFWLYH�KHDOWK�PDLQWHQDQFH�RUJDQL]DWLRQ�EDVHG�VWXG\��&KHVW�
��������物��������

/LP�+��.ZRQ�+-��/LP�-$��HW�DO��6KRUW�WHUP�(ƈHFW�RI�)LQH�3DUWLFXODWH�
0DWWHU�RQ�&KLOGUHQ
V�+RVSLWDO�$GPLVVLRQV�DQG�(PHUJHQF\�'HSDUWPHQW�
9LVLWV�IRU�$VWKPD物�$�6\VWHPDWLF�5HYLHZ�DQG�0HWD�DQDO\VLV��-�3UHY�
0HG�3XEOLF�+HDOWK��������物�������

=KHQJ�;<��'LQJ�+��-LDQJ�/1��HW�DO��$VVRFLDWLRQ�EHWZHHQ�$LU�3ROOXWDQWV�
DQG�$VWKPD�(PHUJHQF\�5RRP�9LVLWV�DQG�+RVSLWDO�$GPLVVLRQV�LQ�7LPH�
6HULHV�6WXGLHV物�$�6\VWHPDWLF�5HYLHZ�DQG�0HWD�$QDO\VLV��3/R6�2QH�
�������物H��������

0D]HQT�-��'XEXV�-&��*DXGDUW�-��&KDUSLQ�'��9LXGHV�*��1RHO�*��&LW\�
KRXVLQJ�DWPRVSKHULF�SROOXWDQW�LPSDFW�RQ�HPHUJHQF\�YLVLW�IRU�DVWKPD物�
$�FODVVLƉFDWLRQ�DQG�UHJUHVVLRQ�WUHH�DSSURDFK��5HVSLU�0HG���������物
����

6WXUG\�30��9LFWRU�&5��$QGHUVRQ�+5��HW�DO��3V\FKRORJLFDO��VRFLDO�DQG�
KHDOWK�EHKDYLRXU�ULVN�IDFWRUV�IRU�GHDWKV�FHUWLƉHG�DV�DVWKPD物�D�QDWLRQDO�
FDVH�FRQWURO�VWXG\��7KRUD[��������物�������

)XKOEULJJH�$/��.LWFK�%7��3DOWLHO�$'��HW�DO��)(9����LV�DVVRFLDWHG�ZLWK�ULVN�
RI�DVWKPD�DWWDFNV�LQ�D�SHGLDWULF�SRSXODWLRQ��-�$OOHUJ\�&OLQ�,PPXQRO�
��������物�����

8OULN�&6��3HULSKHUDO�HRVLQRSKLO�FRXQWV�DV�D�PDUNHU�RI�GLVHDVH�DFWLYLW\�LQ�
LQWULQVLF�DQG�H[WULQVLF�DVWKPD��&OLQ�([S�$OOHUJ\��������物������

3RQJUDFLF�-$��.URXVH�5=��%DELQHDX�'&��HW�DO��'LVWLQJXLVKLQJ�
FKDUDFWHULVWLFV�RI�GLƋFXOW�WR�FRQWURO�DVWKPD�LQ�LQQHU�FLW\�FKLOGUHQ�DQG�
DGROHVFHQWV��-�$OOHUJ\�&OLQ�,PPXQRO���������物��������

%HOGD�-��*LQHU�-��&DVDQ�3��6DQFKLV�-��0LOG�H[DFHUEDWLRQV�DQG�
HRVLQRSKLOLF�LQƊDPPDWLRQ�LQ�SDWLHQWV�ZLWK�VWDEOH��ZHOO�FRQWUROOHG�DVWKPD�
DIWHU���\HDU�RI�IROORZ�XS��&KHVW���������物�������

=HLJHU�56��6FKDW]�0��=KDQJ�)��HW�DO��(OHYDWHG�H[KDOHG�QLWULF�R[LGH�LV�D�

FOLQLFDO�LQGLFDWRU�RI�IXWXUH�XQFRQWUROOHG�DVWKPD�LQ�DVWKPDWLF�SDWLHQWV�RQ�
LQKDOHG�FRUWLFRVWHURLGV��-�$OOHUJ\�&OLQ�,PPXQRO���������物������

7XUQHU�02��1RHUWMRMR�.��9HGDO�6��%DL�7��&UXPS�6��)LW]JHUDOG�-0��5LVN�
IDFWRUV�IRU�QHDU�IDWDO�DVWKPD��$�FDVH�FRQWURO�VWXG\�LQ�KRVSLWDOL]HG�
SDWLHQWV�ZLWK�DVWKPD��$P�-�5HVSLU�&ULW�&DUH�0HG���������物�������
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0LOOHU�0.��/HH�-+��0LOOHU�'3��:HQ]HO�6(��5HFHQW�DVWKPD�H[DFHUEDWLRQV物�D�
NH\�SUHGLFWRU�RI�IXWXUH�H[DFHUEDWLRQV��5HVSLU�0HG���������物������

%XHOR�$��0F/HDQ�6��-XOLRXV�6��HW�DO��$W�ULVN�FKLOGUHQ�ZLWK�DVWKPD��$5&�物�D�
V\VWHPDWLF�UHYLHZ��7KRUD[��������物�������

2
%\UQH�30��3HGHUVHQ�6��/DPP�&-��7DQ�:&��%XVVH�::��6HYHUH�H[DFHUED�
WLRQV�DQG�GHFOLQH�LQ�OXQJ�IXQFWLRQ�LQ�DVWKPD��$P�-�5HVSLU�&ULW�&DUH�0HG�
��������物������

/DQJH�3��3DUQHU�-��9HVWER�-��6FKQRKU�3��-HQVHQ�*��$����\HDU�IROORZ�XS�VWXG\�
RI�YHQWLODWRU\�IXQFWLRQ�LQ�DGXOWV�ZLWK�DVWKPD��1�(QJO�-�0HG���������物
���������

%DXU�;��6LJVJDDUG�7��$DVHQ�7%��HW�DO��*XLGHOLQHV�IRU�WKH�PDQDJHPHQW�RI�
ZRUN�UHODWHG�DVWKPD��(XU�5HVSLU�-��������物�������

8OULN�&6��2XWFRPH�RI�DVWKPD物�ORQJLWXGLQDO�FKDQJHV�LQ�OXQJ�IXQFWLRQ��(XU�
5HVSLU�-��������物�������

5DLVV\�++��.HOO\�+:��+DUNLQV�0��6]HƊHU�6-��,QKDOHG�FRUWLFRVWHURLGV�LQ�OXQJ�
GLVHDVHV��$P�-�5HVSLU�&ULW�&DUH�0HG���������物��������

)RVWHU�-0��$XFRWW�/��YDQ�GHU�:HUI�5+��HW�DO��+LJKHU�SDWLHQW�SHUFHLYHG�VLGH�
HƈHFWV�UHODWHG�WR�KLJKHU�GDLO\�GRVHV�RI�LQKDOHG�FRUWLFRVWHURLGV�LQ�WKH�
FRPPXQLW\物�D�FURVV�VHFWLRQDO�DQDO\VLV��5HVSLU�0HG���������物��������

5RODQG�1-��%KDOOD�5.��(DULV�-��7KH�ORFDO�VLGH�HƈHFWV�RI�LQKDOHG�FRUWLFRVWH�
URLGV物�FXUUHQW�XQGHUVWDQGLQJ�DQG�UHYLHZ�RI�WKH�OLWHUDWXUH��&KHVW���������物
������

2Ň%\UQH�30��5HGGHO�+.��(ULNVVRQ�*��HW�DO��0HDVXULQJ�DVWKPD�FRQWURO物�D�
FRPSDULVRQ�RI�WKUHH�FODVVLƉFDWLRQ�V\VWHPV��(XURSHDQ�5HVSLUDWRU\�-RXUQDO�
�������物�������

7KRPDV�0��.D\�6��3LNH�-��HW�DO��7KH�$VWKPD�&RQWURO�7HVW70��$&7��DV�D�
SUHGLFWRU�RI�*,1$�JXLGHOLQH�GHƉQHG�DVWKPD�FRQWURO物�DQDO\VLV�RI�D�
PXOWLQDWLRQDO�FURVV�VHFWLRQDO�VXUYH\��3ULPDU\�&DUH�5HVSLUDWRU\�-RXUQDO�
�������物�����

6YHGVDWHU�+��-RQHV�5��%RVDQTXHW�1��HW�DO��3DWLHQW�UHSRUWHG�RXWFRPHV�ZLWK�
LQLWLDWLRQ�RI�ƊXWLFDVRQH�IXURDWH�YLODQWHURO�YHUVXV�FRQWLQXLQJ�XVXDO�FDUH�LQ�WKH�
$VWKPD�6DOIRUG�/XQJ�6WXG\��5HVSLUDWRU\�PHGLFLQH���������物��������
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ᛔ������ଙ蚏牧चෝਞ獊ᘍᰁ牧犋ٚୌ捍㻌加ֵአ�6$%$�လ
咅穥ࡃ牧㪔ୌ捍ಅ磪ఋ磪穥ࡃጱ౮Ո覇ଙ᮷䛑矑ݑ珀�,&6�
ጱ矒ࣳګ萳ᇔလ咅牧犥仂瑥᯿盪䘣玕ጱ觓檺牧㪔矒ګዩ制

ᒍԆᥝๅ碝᯿讨

ᒍԆᥝๅ碝᯿讨ইӥ皃讨物

绐ਧ๗穥ࡃጱလ咅膏蒂ቘ

碝ी矒ࣳګ萳ᇔጱ蚏তလ咅ୌ捍瑽蔭

ๅ碝犵牏Ӿ牏ṛ㴫ᰁ珅獈ࣳ觊ࢴ蠛㴫ᰁ蔭现藯ก

ๅ碝褩ༀୗလ咅ᒽኼ

碝ी,&6�IRUPRWHUROጱྯ෭ୌ捍磧ṛ㴫ᰁ

碝ीPRQWHOXNDVW䨝ीے瑥᯿羊ᐟ؋皐犋臑玱䛑觓檺ጱ蘻ޞ

Ḓ螡矒ګ萳ᇔ物磪襑ᥝ碻ֵአ犵㴫ᰁ,&6�IRUPRWHURO

Ḓ螡矒ګ萳ᇔ物ྯ෭犵㴫ᰁ,&6ےӤ磪襑ᥝ碻ֵአጱ
6$%$牧磪襑ᥝ碻ֵአ犵㴫ᰁ,&6�IRUPRWHURO

Ḓ螡矒ګ萳ᇔ物姘瞱犵㴫ᰁ,&6�/$%$ےӤ磪襑ᥝ
碻ֵአጱ6$%$牧犵㴫ᰁ,&6�IRUPRWHURO֢傶姘瞱
娓薹咅ဩ

Ḓ螡矒ګ萳ᇔ物犵㴫ᰁ,&6�IRUPRWHURO֢傶姘瞱娓
薹咅ဩ牧Ӿ㴫ᰁ,&6�/$%$姘瞱ے磪襑ᥝ碻ֵአጱ
6$%$

Ḓ螡萳ᇔ物㷢ᘍ蔭匍ࣳ�SKHQRW\SH�戺㪔ᘍ眾ᴫے
လ咅

6WHS�

6WHS�

6WHS�

6WHS�

6WHS�



��

傶Ջ讕硬虋လ咅ୌ捍牫
蝡犚碝ୌ捍ฎचෝ�*,1$�螂݄����ଙ㬵വ皞穥ࡃ蔫硽ጱ౮

ຎ牧׀ԧ斕ଶ穥ࡃလ咅碝ᒽኼጱ挨硁牧犥๗螈کӥڜፓ秂物

Ŏ�仂穥ࡃ盪䘣玕ጱፘ橕觓檺稴犜牧۱ೡ斕ଶ穥ࡃየՈ
獉牐ࣁ

Ŏ�׀Ӟ膌ጱလ咅ፓ秂ፘ橕虻懱牧۱ೡ毆ᴠݱ圵犋ݶ瑥᯿纷
ଶጱ穥ࡃ盪䘣玕牐

Ŏ�螨عየՈࣁ綧የڡ๗䌘�6$%$�叨ኞ狅蚅牐

㻌加ֵአ�6$%$�လ咅磪Ջ讕綡眾牫

螂݄战ग़လ咅瞲᮷ୌ捍牧斕ଶ穥ࡃጱየՈ䛑犥6$%$㻌

加လ咅牧襑ᥝ碻狶傶娓薹萳ᇔ牐蝡殻ୌ捍磧ݢ蝍შک��ग़

ଙ獮牧吚碻藨傶穥ࡃԆᥝฎඪ穥ᓕ硩婘ಅ蚏牧ಅ犥㻌加ֵአ

6$%$ቘಅ吚簁牐簁ᘒ牧ग़碍穥ࡃየՈ᮷磪珅螇咳箪ጱዩ

制牧۱ೡ樌稤咳֢犋ଉڊ匍ዩ制ጱየՈ牐

櫒簁6$%$胼䄪蜫蝧娓薹ዩ制牧֕㻌加ֵአ6$%$ݢ胼ी

胼牐憒ᘒ毱耆ֵአ6$%$䨝疩ۑ盪䘣玕ጱ觓檺㪔褔犵胑ے

膌螂硵玱䛑珅螇咳箪ጱ眐丆ीے���牪6$%$ֵአ螂ᰁ���ֺ

ইӞଙ�爨���絵���膏瑥᯿盪䘣玕ጱ觓檺ीے磪橕牧ইຎӞଙ

爨����絵牧ݢ胼ṛ穥ࡃፘ橕稴犜ጱ觓檺牐���
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矒ࣳګ萳ᇔጱ蚏তလ咅
傶ԧ螈ک磧֯毆盅牧ୌ捍ࣁ嘦戡傶穥ࡃԏ盅牧䛑㱑盠樄

ত妔Ԩ珀�,&6�ጱ萳ᇔလ咅牧Ԇᥝฎࢩ傶物

Ŏ�ፘ斃ෝዩ制᩻螂�Ń�ଙጱየՈ牧嘦戡๗疰樄তֵአ犵

㴫ᰁ,&6�လ咅ጱየՈ牧胑ۑ胼斃֯牐���

Ŏ�ፘ斃ෝֵአ�,&6�လ咅穥ࡃጱየՈ牧๚ֵአ�,&6�Ӭڊ匍瑥᯿

盪䘣玕ጱየՈ牧裾๗胑ۑ胼斃癩牐�

Ŏ�䌘ෝ肬禂穥ࡃየՈ牧䛑㱑݄ᴻૡ֢絑हӾጱู襷牧现

လ咅牧ݢṛ盋ܻጱ秚ሲ牐�

ᘒ朼䌘犋ݶጱ穥ࡃዩ制牧䛑䟖玲ጱ蚏তလ咅ᒽኼ犖䨝犋ݶ��瑽�����牐



�
�

戺

蚏তလ咅

+'0物瓃ᣣ�KRXVH�GXVW�PLWH����,&6物珅獈觊ࢴ蠛牪/$%$物裾硳ԚԫࣳԻ眤ᐟ妿گ筕㴫牪/75$物ጮӣ篚ᔰݑ誢ೣಯ㴫�OHXNRWULHQH�UHFHSWRU�DQWDJRQLVWV�牪
2&6物ݗ๐ࣳ觊ࢴ蠛牪6$%$物Ꭸ硳ԚԫࣳԻ眤ᐟ妿گ筕㴫牪6/,7物膒ӥعዖ咅ဩ�VXEOLQJXDO�LPPXQRWKHUDS\�

ᒫӞ褩

磪襑ᥝ碻ֵአ犵㴫ᰁ
,&6�IRUPRWHURO

ֵአ6$%$碻牧篷抷
�֜ 碻緡䛑Ӟֵݶአ
�犵㴫ᰁ,&6Ō

磪襑ᥝ碻ֵአ犵㴫ᰁ,&6�IRUPRWHURO

ᒫӣ褩

犵㴫ᰁ
,&6�/$%$

Ӿ㴫ᰁ,&6牧
�犵㴫ᰁ
�,&6�/75$�

ᒫࢥ褩

Ӿ㴫ᰁ
,&6�/$%$

ṛ㴫ᰁ,&6牧Ⴒے
�WLRWURSLXPႲے
��/75$�

ᒫԲ褩

Ⴒے犵㴫ᰁ2&6牧
�֕殾ᘍ眾֢ۅአ

ṛ㴫ᰁ,&6�/$%$
旉Օ穥ࡃ蔭ࣳ戺tႲ
လ咅牧ֺই物ے
WLRWURSLXP牏
DQWL�OJ(牏
DQWL�O/���5牏
DQWL�O/�5

ᒫԫ褩

ྯ෭犵㴫ᰁ珅獈ࣳ觊ࢴ蠛
�,&6�牧磪襑ᥝ碻ֵአ犵
㴫ᰁ,&6�IRUPRWHURO

ጮӣ篚ᔰݑ誢ೣಯ誢�/75$�牧
�ֵአ6$%$碻牧篷抷֜碻緡
��䛑Ӟֵݶአ犵㴫ᰁ,&6Ō

䌘ෝ矑ݑ姘瞱娓薹蒂ොጱየՈ牧磪襑ᥝ
碻ֵአ犵㴫ᰁ,&6�IRUPRWHUROō

Ō�,&6现6$%$獋圵珅獈瑊獤樄ݳ㬫
ō䌘ෝ矑ݑEXG�IRUP%'3�IRUP傶姘瞱娓薹蒂ොጱየՈ牧犵㴫ᰁ�,&6�IRUP傶娓薹ࣳ萳ᇔ
Ѽ䌘ෝ౮Ո螂硵ἲ箪䌘瓃ᣣ�+'0�螂硵ጱየՈ牧舙)(9��!����牧ݢᘍ眾Ⴒے膒ӥعዖ咅ဩҁ6/,7҂

Ḓ螡娓薹ࣳ萳ᇔ

毆ᴠ䘣玕现矒ګዩ制

磪襑ᥝ碻ֵአᎨ硳ԚԫࣳԻ眤ᐟ妿گ筕㴫���6$%$��

ٌ犢矒ࣳګ
萳ᇔ螡䢔

ٌ犢娓薹ࣳ
萳ᇔ螡䢔

Ḓ螡矒ࣳګ萳ᇔ

吚የՈ瞱媲ڊ匍瑥᯿
矒ګ犋֯ጱ穥ࡃዩ制
胼襑ᥝᎨ๗ֵአ2&6ݢ

ই襑ᥝ牧藶嘦藨戡䥁
ዩ制矒ګ现藲碉ܧ檺ࢩৼ�۱ೡ胑ۑ胼�

Ŏو�የዩ
Ŏ�珅獈瑊ֵአದૣ现螞痀
Ŏ�የՈ蔭匍现ፓ秂

螡䢔穥ࡃየՈጱ矒ࣳګ萳ᇔ蚏তလ咅

य़ग़碍෭ৼ
᮷磪ዩ制牧
ྯ蝰ࢩ穥
蠣㬵Ӟ稞ࡃ
犥Ӥྯ㮆์ڊ匍�稞ๅग़稞

ዩ制牧֕㪔覍ྯॠڊ匍

य़ग़碍෭ৼ᮷磪
ዩ制牧ྯ蝰ࢩ
穥ࡃ蠣㬵Ӟ稞犥
Ӥ胑ۑ胼犵

ྯ㮆์ڊ匍�稞
犥ӥዩ制

瑽����౮Ո覇ଙ穥ڡࡃত矒ࣳګ萳ᇔလ咅ጱ螡䢔
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䌘ෝዩ制斃傶斕盏牧ྯ㮆์ڊ匍獋稞犥Ӥዩ制ጱየՈ牧䛑

ᘍ眾ℂᒫԫ褩樄তလ咅牧矒ࣳګ萳ᇔ蚏তလ咅ྯݢ෭憒ֵአ

犵㴫ᰁ� ,&6牧憙襑ᥝےአ犵㴫ᰁ� ,&6�IRUPRWHURO牐ইຎየՈ

ग़碍碻狡ጱ穥ࡃዩ制穉斃瑥᯿牧ྯ蝰ࢩ穥ࡃӾ䥁縌፦Ӟ稞犥

Ӥ牧粬獨ฎ磪犨֜ܧ檺ࢩৼ�ই�የዩ牏珅苑�螂硵ܻ�绚䷔矑藉و

虁የ瞆֘ᴺ牏螂݄ے䘣玕矠ᓕࡃ穥ࢩৼ牏)(9�犵牏้ࢩ檺ܧ

��㮆์獉้咳ኞӞ稞犥Ӥ瑥᯿盪䘣玕�牧䛑ᘍ眾ℂᒫӣ褩樄ত

လ咅��ֺই物犵㴫ᰁ�,&6�/$%$Ӿ�ṛ㴫ᰁ�,&6�牐ইຎӞ樄ত

疰磪矒ګ犋֯ጱ瑥᯿穥ࡃ盪䘣玕牧䛑ᘍ眾ℂᒫࢥ褩樄তလ

咅ҁֺই物Ӿ㴫ᰁ,&6�/$%$ṛ㴫ᰁ,&6҂牧Խݢᘍ眾ෝᎨ碻

樌獉妔Ԩ2&6牧ࣁ穥ࡃ矒ګ臑অ螈�㮆์ԏ盅牧ݢ蝛ྍ藲褔,&6

ጱ㴫ᰁᛗ磧ੜ㴫ᰁ�蔭����牧犥姘瞱臑অጱ穥ࡃ矒ګ牧褔犵䘣玕

ጱ觓檺牧ݶ碻仂笴ࣁጱ֢ۅአ牐

種蔭覍缛硳㴫ᰁ蔭牧ᘒฎचෝ匍磪ጱ手涢萳ߝ虻懱牧ڜ

౮Ո�覇ଙጱ̿犵̀牏̿Ӿ̀牏̿ṛ̀,&6ྯ෭磧य़ୌڊ

捍者㴫ᰁ牐㴫ᰁݢ胼ࢩ瑿玟ᘒ吖牧殾狅硁吚瑿制丆牏ဩ憒

螕䛑ዩ现屷ଥ瞲牐

櫒簁ࣁ碉誢碢ᗭӾ牧လ咅硳ፅय़ग़㬵ᛔ犵㴫ᰁ�,&6牧֕�

,&6�ጱလ咅玱䛑ࢩՈᘒ吖牪磪犚የՈֵܨ螞㾖֯牧犖胼

ྋ嘦ֵአ珅獈瑊牧֕Ֆ簁矒ګ犋֯牧姘瞱㴫ᰁݢᘍ眾藲ṛ

ᛗӾ㴫ᰁ牐禅碍የՈ襑ᥝֵአṛ㴫ᰁ�,&6牧裾๗憒ֵ

አṛ㴫ᰁ�,&6牧ݢ胼ीےੴ蟂獊蛪֢ۅአጱ觓檺牐

蔭����珅獈ࣳ觊ࢴ蠛ጱ犵牏Ӿ牏ṛྯ෭㴫ᰁ



��

穥ࡃጱ褩ༀୗလ咅ྍ詽

�Ӟ෮樄ত穥ࡃလ咅牧䛑礬硁毆ᴠ盪䘣玕现矒ګዩ制ጱ穥

碻狅硁ݶ瑽����牧究ਧလ咅ᒽኼ㪔戺የՈ制丆牧�လ咅蝰๗ࡃ

㮆獨襑穩藲碉̿褩ༀୗလ咅̀�瑽����牧㪔戺የՈጱလ咅玱䛑牐

ྯ෭,&6者懯㴫ᰁ�PFJ�

%HFORPHWDVRQH�GLSURSLRQDWH�
�S0',��VWDQGDUG�SDUWLFOH��+)$� ������� !�������� !����

%HFORPHWDVRQH�GLSURSLRQDWH
�S0',��H[WUDƉQH�SDUWLFOH��+)$��� ������� !������� !���

%XGHVRQLGH��'3,� ������� !������� !���

&LFOHVRQLGH�
�S0',��H[WUDƉQH�SDUWLFOH��+)$� ������ !������� !���

)OXWLFDVRQH�IXURDWH��'3,� ��� ���

)OXWLFDVRQH�SURSLRQDWH��'3,� ������� !������� !���

)OXWLFDVRQH�SURSLRQDWH�
�S0',��VWDQGDUG�SDUWLFOH��+)$� ������� !������� !���

0RPHWDVRQH�IXURDWH��'3,� ��� ���

0RPHWDVRQH�IXURDWH�
�S0',��VWDQGDUG�SDUWLFOH��+)$� ������� !���

珅獈ࣳ觊ࢴ蠛��,&6�
犵 Ӿ ṛ

'3,��Ԧ罭ୗ珅獈瑊
+)$��࿏䶹篟珅獈വ蝱㴫
,&6��珅獈ࣳ觊ࢴ蠛
S0',��瓟ࣳێਧᰁ珅獈瑊�覍穧࿏篝蕣㴫�ୌ捍膏珅萳斔ۗ瑊砇蟴ֵአ�

౮Ո现覇ଙ���䵇犥Ӥ�



ᒫ ӣ ᒍ �� 绐 ਧ ๗ 穥 ࡃ ጱ လ 咅 膏 蒂 ቘ �
�

+'0物瓃釆���,&6物珅獈觊ࢴ蠛牪/$%$物裾硳ԚԫࣳԻ眤ᐟ妿گ筕㴫牪/75$物ጮӣ篚ᔰݑ誢ೣಯ㴫牪2&6物ݗ๐ࣳ觊ࢴ蠛牪
6$%$物Ꭸ硳ԚԫࣳԻ眤ᐟ妿گ筕㴫牪6/,7物膒ӥعዖ咅ဩ

Ŏ�ዩ制
Ŏ�盪䘣玕
Ŏ֢ۅ�አ
Ŏ�胑ۑ胼
Ŏ�የՈ笕ଶŎ�လ咅ݢ喪လጱܧ檺

የዩوৼ现ࢩ��
Ŏ�覍萳ᇔလ咅ᒽኼ
Ŏ�硽胍现ದૣ懺娞
Ŏ�穥ࡃ萳ᇔ

㮆獨玕ጱ穥ࡃᓕቘ
戺牏藲碉牏䲒憙လ咅玱䛑

穥ࡃ萳ᇔလ咅ᓕቘ
狅硁የՈ㮆獨襑穩藲碉܋褩
褔褩ጱလ咅

戺


藲碉

Ŏ�ᥝ碻嘦藨戡䥁
Ŏ�ዩ制矒ګ现藲碉ܧ
��檺ࢩৼ�۱ೡ胑ۑ胼�
Ŏو�የዩ
Ŏ�珅獈瑊ದૣѿ螞㾖
Ŏ�የՈፓ秂

䲒
憙
လ
咅

玱
䛑

ᒫӞ褩

磪襑ᥝ碻ֵአ犵㴫ᰁ
,&6�IRUPRWHURO

ֵአ6$%$碻牧篷抷
�֜ 碻緡䛑Ӟֵݶአ
�犵㴫ᰁ,&6

磪襑ᥝ碻ֵአ犵㴫ᰁ,&6�IRUPRWHURO

ᒫӣ褩

犵㴫ᰁ
,&6�/$%$

Ӿ㴫ᰁ,&6牧
�犵㴫ᰁ
�,&6�/75$�

ᒫࢥ褩

Ӿ㴫ᰁ
,&6�/$%$

ṛ㴫ᰁ,&6牧Ⴒے
�WLRWURSLXPႲے
��/75$�

ᒫԲ褩

Ⴒے犵㴫ᰁ2&6牧
�֕襑ᘍ眾֢ۅአ

ṛ㴫ᰁ,&6�/$%$
旉Օ穥ࡃ蔭ࣳ戺tႲ
လ咅牧ֺই物ے
WLRWURSLXP牏
DQWL�OJ(牏
DQWL�O/���5牏
DQWL�O/�5

ᒫԫ褩

ྯ෭犵㴫ᰁ珅獈ࣳ觊ࢴ蠛
�,&6�牧磪襑ᥝ碻ֵአ犵
㴫ᰁ,&6�IRUPRWHURO

ጮӣ篚ᔰݑ誢ೣಯ誢�/75$�牧
�ֵአ6$%$碻牧篷抷֜碻緡
��䛑Ӟֵݶአ犵㴫ᰁ,&6

䌘ෝ矑ݑ姘瞱娓薹蒂ොጱየՈ牧磪襑ᥝ
碻ֵአ犵㴫ᰁ,&6�IRUPRWHUROō

ō�䌘ෝ矑ݑEXG�IRUP%'3�IRUP傶姘瞱娓薹蒂ොጱየՈ牧犵㴫ᰁ�,&6�IRUP傶娓薹ࣳ萳ᇔ
Ѽ䌘ෝ౮Ո螂硵ἲ箪䌘瓃ᣣ�+'0�螂硵ጱየՈ牧舙)(9��!����牧ݢᘍ眾Ⴒے膒ӥعዖ咅ဩҁ6/,7҂

Ḓ螡娓薹ࣳ萳ᇔ

毆ᴠ䘣玕现矒ګዩ制

磪襑ᥝ碻ֵአᎨ硳ԚԫࣳԻ眤ᐟ妿گ筕㴫���6$%$��

ٌ犢矒ࣳګ
萳ᇔ螡䢔

ٌ犢娓薹ࣳ
萳ᇔ螡䢔

Ḓ螡矒ࣳګ萳ᇔ

瑽����౮Ո��䵇犥Ӥ覇ଙጱ穥ࡃလ咅ᒽኼ



��

လ咅ୌ捍螕አෝ物

ᒫӞ褩လ咅

Ŏ�ᒫԫ褩လ咅矒ګ臑অጱየՈጱ褔褩လ咅

Ŏ�ྯ㮆์ዩ制ڊ匍獋稞犥ӥ牧䷱磪盪䘣玕ܧ檺ࢩৼጱየՈ
�ኧෝ蝡觊የՈጱዩ制咳ኞ毱ሲ斃犵牧ࢩ種襑ᥝ蝱ᤈ獊ᶎ
ጱ戺牧犥嘦狒የՈک獅獤ጱလ咅�

Ḓ螡矒ګ萳ᇔ物磪襑ᥝ碻ֵአ犵㴫ᰁ,&6�IRUPRWHURO

ᒫӞ褩လ咅ጱ磪襑ᥝ碻ֵአ犵㴫ᰁ�,&6�IRUPRWHURO牧ඪ瞱
挨硁㬵ᛔय़ࣳ手涢ጱ樌矑挨硁牧蝡殻手涢ฎ穉斃㻌加ֵአ�
磪襑ᥝ碻ֵአ犵㴫ᰁ�EXGHVRQLGH��IRUPRWHURO牧�6$%$
䌘ᒧݳ瑥᯿ଶᒫԫ褩လ咅礿կԏየՈጱ咅硳牐�

क़牧磪獋㮆朼䌘ྯॠֵአ�稞ᛗྯ์ֵአ�稞ݚ
6$%$လ咅ጱየՈԏ樄硯褰秚䌘ᆙ手涢牧犖蝱Ӟྍඪ瞱
蝡䰬ጱොୗ牐

蝡殻ୌ捍磧᯿ᥝጱᘍ眾ࢩᔰইӥ物

Ŏֵܨ�የՈ盄ڊ匍穥ࡃዩ制牧Ֆ簁磪瑥᯿膌

盪䘣玕ጱ觓檺牐���

Ŏࣁ�瑥᯿ଶᒫԫ褩ጱየՈလ咅手涢Ӿ牧磪襑ᥝ碻ֵአ

犵㴫ᰁEXGHVRQLGH�IRUPRWHUROፘ斃ෝ㻌加ֵአ

6$%$ጱየՈ牧ݢ仂�����ጱ盪䘣玕��牪Ӭ犥ྯ

෭�,&6�ፘ穉牧ଘ璂�,&6�㴫ᰁੜෝ���Ѿ牐�

Ŏ�Ḓᥝᘍᰁฎ螨ع螂݄ፘ悳统ጱ虻懱牧Ӟ樄তฎୌ

捍የՈֵአ6$%$娓薹ዩ制牧盅㬵݈ୌ捍仂�

6$%$�አᰁ��櫒簁ℂየՈጱ薫ଶ牧6$%$�ฎ磪硳ጱ

လ咅�牧硬አྯ෭ጱ矒ࣳګ萳ᇔ牐

Ŏ�ዩ制斃ጱየՈ螞蠴㾖癩��牧ๅݢ胼㻌加ֵአ

6$%$လ咅牐
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%XGHVRQLGH�IRUPRWHURO�Ӟॠ磧ṛ㴫ᰁ傶��PFJ�
IRUPRWHURO牧֕ฎࣁ斕盏穥ࡃय़ࣳ褰秚矒ګ手涢Ӿ牧蝡讕ṛ
ጱֵአොୗฎ覍ଉ憎ጱ牧ଘ璂Ӟ蝰ฎֵአݗ�����㴫ᰁ牧
လ咅犥�,&6�IRUPRWHURO�吚֢娓ࡃፓ獮傶ྊጱ挨硁牧斕盏穥ک
薹萳ᇔֵአ緡ฎ犵㴫ᰁ�EXGHVRQLGH�IRUPRWHURO牧֕�
EHFORPHWDVRQH�IRUPRWHUROݢ�胼犖螕አ牧Ӟॠ磧ṛ㴫ᰁ傶
��PFJ�IRUPRWHURO牐蝡犚萳ᇔ૪ฦ螁አෝᒫ�����褩牧狶傶姘
瞱现娓薹咅ဩ牧ᘒࣁ磪襑ᥝ碻ֵአ�EXGHVRQLGH�IRUPRWHURO�
ጱ手涢Ӿ牧㪔๚咳匍碝ጱਞ獊綡眾牐

Ḓ螡矒ګ萳ᇔ物ྯ෭犵㴫ᰁ,&6牧磪襑ᥝ碻ֵአ
6$%$牧磪襑ᥝ碻ֵአ犵㴫ᰁ,&6�IRUPRWHURO

ྯ෭憒ֵአ犵㴫ᰁ� ,&6牧磪襑ᥝ碻ֵአ�6$%$物蝡殻လ
咅ୌ捍膏螂݄ፘݶ牧㪔篷ๅ碝牧ࣁय़ᰁጱ褰秚獤蟴䌘ᆙ手
涢薪疗Ꮈ绗ጱ挨硁牧氥纈憒ֵአ犵㴫ᰁ�,&6ݢ�य़ଏ
仂瑥᯿盪䘣玕牏֘ᴺ稴犜ጱ觓檺牧ݶ碻犖ݢ仂ዩ
制螀㵕蚏ጱඪ穥ᓕ硩婘牐������

ٌ犢矒ࣳګ萳ᇔ物

ྯ稞ֵአ6$%$碻㬫አ犵㴫ᰁ�,&6物蝡㮆လ咅ୌ捍ጱ挨硁㬵
ᛔෝ樌矑挨硁ጱ屷ଥᎸ绗牧磧᯿ᥝጱᘍᰁฎ仂瑥᯿䘣玕
ጱ觓檺牧犥现螈6&,�ک�လ咅臑অ螞㾖ጱࢯ櫞牐

ᒫԫ褩လ咅



��

ٌ犢矒ࣳګ萳ᇔ物

ֵአ6$%$ݳ㬫犵㴫ᰁ,&6物䌘ෝ篷ဩ糷,&6�IRUPRWHURO萳
ᇔ碻牧ݚӞ殻လ咅螡䢔傶吚ֵአ6$%$碻ݶ碻ݳ㬫ֵአ犵㴫
ᰁ,&6牧Ꮈ绗挨硁氥纈種圵လ咅螡䢔膏ྯ෭ֵአ,&6ፘ穉牧ࣁ
盪䘣玕Ӥ㪔篷癩吖牐������

ጮӣ篚ᔰݑ誢ೣಯ㴫��OHXNRWULHQH� UHFHSWRU�DQWDJRQLVWV牧

/75$�物ጮӣ篚ᔰݑ誢ೣಯ㴫�/75$�ጱ咅硳犋ই憒ֵአ�
,&6���牧疪ٌฎࣁ盪䘣玕ොᶎ牐䌘ෝ礓犚篷ဩฎ犋氎ֵ
አ,&6ጱየՈ牏篷ဩ盚֢ۅ6&,ݑአጱየՈ牏磪螂硵ἲ箪
ጱየՈ牧/75$战ݳ螕狶傶ڡত矒ࣳګ萳ᇔလ咅牐�����

蝡殻ୌ捍磧᯿ᥝጱᘍᰁฎ毆ᴠ瑥᯿盪䘣玕牧犥现仂
斕ଶ穥ࡃየՈྯ෭ֵአ�,&6�ጱ襑穩牐磪襑ᥝ碻妔Ԩ犵㴫ᰁ
,&6�IRUPRWHURO�ፘ斃ෝྯ෭ֵአ,&6牧ࣁዩ制矒ګ胑ۑ胼
ොᶎ穉ྯ෭ֵአ犵㴫ᰁ,&6斃癩牧֕ੜෝ᯿ᥝ癩吖ጱ磧ੜ꧊
����牧藨ਧ傶穉斃犋᯿ᥝ牐ݚӞ殻手涢ࣁ螀㵕獮磪襑ᥝ碻ֵአ
EXGHVRQLGH�IRUPRWHURO牧犥毆ᴠ螀㵕蚏ጱඪ穥ᓕ硩婘牧
奾ຎ氥纈硳ፅྯ෭,&6ፘ犲牐��

磪襑ᥝ碻ֵአ犵㴫ᰁ�,&6�IRUPRWHURO物匍磪ඪ瞱挨硁㰍㬵ᛔ
犵㴫ᰁ�EXGHVRQLGH�IRUPRWHURO�牐ࣁ斕ଶ穥ࡃጱय़ࣳ手涢
6<*0$Ӿ咳匍牧磪襑ᥝ碻ֵአ犵㴫ᰁ�EXGHVRQLGH�IRUPR�
WHURO牧ፘ斃ෝ磪襑ᥝ碻㻌加ֵአ6$%$牧ݢ氥茐褔犵���ጱ
瑥᯿盪䘣玕ሲ�牪ݚक़礬硁35$&7,&$/�VWXG\1RYHO�
67$57獋殻斕ଶ穥ࡃጱय़ࣳ手涢奾ຎ氥纈牧磪襑ᥝ碻ֵአ犵
㴫ᰁ�EXGHVRQLGH�IRUPRWHURO膏磪襑ᥝ碻㻌加ֵአ�,&6ፘ
穉牧ๅ胼磪硳褔犵瑥᯿盪䘣玕牐����
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物ོ窕�ጱ蒂ො獮牧蠴䒍䛑ᘍ眾ٌݷߝ萳�樄缏PRQWHOXNDVWࣁ
ፅ蒂现觓檺牐聅㾴觬ߝ萳ᇔᓕቘੴҁ)RRG� DQG� 'UXJ�
$GPLQLVWUDWLRQ牧)'$҂蜱๗૪ᥝ穩種萳ߝक़ፋӤ䛑׀
PRQWHOXNDVWݢ胼磪瑥᯿ஞቘ؋皐֢ۅአጱ觓檺蘻纈虻懱牐��

䌘ෝض獮๚ֵአ螂矒ࣳګ萳ᇔလ咅ጱ౮Ո覇ଙ穥ࡃየ

Ո牧ྯ෭ֵአ犵㴫ᰁጱ,&6�/$%$֢傶姘瞱矒ࣳګ萳ᇔጱڡ
তလ咅牧穉㻌加ֵአ犵㴫ᰁ,&6牧斃ݢ犥硬珿ዩ制胑ۑ
胼牐��� ֕,&6�/$%$穉㻌ො,&6揫牧Ӭ篷ဩ氃क़褔犵穥ࡃ咳
֢觓檺牐��

Ḓ螡矒ګ萳ᇔ物姘瞱犵㴫ᰁ,&6�/$%$ےӤ磪襑ᥝ碻
ֵአ6$%$牧犵㴫ᰁ,&6�IRUPRWHURO֢傶姘瞱娓薹
咅ဩ

ᒫӣ褩ጱလ咅ୌ捍膏螂݄ፘݶ牧㪔篷ๅ碝牐ࣁᘍ眾܋褩ԏ
獮牧䛑戺የՈጱ螞㾖牏珅獈瑊ֵአದૣوየዩ牐

ٌ犢矒ࣳګ萳ᇔ物

ٌ犢矒ࣳګ萳ᇔ物Ӿ㴫ᰁ�,&6�犵㴫ᰁ�,&6ے�Ӥ�/75$牐
䌘瓃釆螂硵Ӭ)(9��毆介꧊�!����ጱ౮Ոἲ箪牧ݢᘍ眾ے
獈膒ӥعዖ咅ဩ��VXEOLQJXDO�LPPXQRWKHUDS\牧6/,7�牐������

ᒫӣ褩လ咅



��

Ḓ螡矒ګ萳ᇔ物犵㴫ᰁ,&6�IRUPRWHURO֢傶姘瞱娓薹
咅ဩ牧Ӿ㴫ᰁ,&6�/$%$ے磪襑ᥝ碻ֵአ6$%$

櫒簁ࣁ碉誢碢ᗭӾ牧လ咅硳ፅय़ग़㬵ᛔ犵㴫ᰁ�,&6牧֕�,&6

ጱလ咅玱䛑ࢩՈᘒ吖牪磪犚የՈ櫒簁螞㾖֯牧犖胼ྋ嘦

ֵአ珅獈瑊牧֕Ֆ簁矒ګ犋֯牧ࢩ種姘瞱㴫ᰁݢᘍ眾藲ṛ

ᛗӾ㴫ᰁ牐

ٌ犢矒ࣳګ萳ᇔ物

��䵇犥Ӥ้盪䘣玕ጱየՈ牧ےݢӤ�WLRWURSLXP�襮玕珅
獈瑊牐

Ӥ�/75$牐ے

藲碉ᛗṛ㴫ᰁ�,&6�/$%$牧犋螂襑ᥝᘍ眾�,&6�ጱ֢ۅአ
牐ے胼ीݢ

䌘瓃釆螂硵Ӭ�)(9��毆介꧊�!����ጱ౮Ոἲ箪የՈ牧ݢ
ᘍ眾ے獈膒ӥعዖ咅ဩ牐�����

Ḓ螡萳ᇔ物㷢ᘍ蔭匍ࣳ�SKHPRW\SH�戺㪔ᘍ眾ᴫےလ
咅

ᒫࢥ褩လ咅盅ዩ制Ֆ簁矒ګ犋֯牧现�磪盪䘣玕ጱ
የՈ牧䛑戺ٌ౮ࢩᔰ牧藲碉လ咅ො礯牧㪔旉Օ矑ݑ
胷脨䌕ᑀ戺牧۱ೡ瑥᯿穥ࡃ蔭匍ࣳ獤ࣳ䲒礚牧犖ݢᘍ
眾ے獈ᴫے萳ᇔလ咅牐��

ᴫے萳ᇔလ咅۱ೡ物
ṛ㴫ᰁ,&6�/$%$
7LRWURSLXP

$]LWKURP\FLQ
ಯ�,J(�ಯ誢�

� � �

� �

�ኞᇔ蕣㴫托奞獉藶㷢憎瑥᯿ࣳ穥ࡃᒍ℄�

ᒫࢥ褩လ咅

ᒫԲ褩လ咅

ಯ�,/���5�ಯ誢
ಯ�,/�5�ಯ誢
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覍萳ᇔလ咅现Օ獈ഷ碞

Ŏ�ୌ捍የՈ苑物ྯ稞ࢧ戡碻牧䔶篇ୌ捍የՈ苑牧㪔׀

苑蘄扇ፘ橕虻რጱᓕ螇牐

Ŏ�誢胼ၚ㵕物Ἡ玎穥ࡃየՈℂԪ憒ጱ誢胼ၚ㵕牧磪ፅෝ蛪誢

የՈፘ橕蒂ᗝ׀胼藬咳ඪ穥ᓕ硩婘牧䛑ݢ皐牐犋螂螀㵕؋

ොୗጱୌ捍牐

Ŏ�肬禂穥ࡃ物౮ଙ盅咳የጱ穥ࡃየՈ牧䛑扇㺔ٌૡ֢ݥ牧

蘷獨ૡ֢絑हӾฎ玽ਂࣁ螂硵ܻ牧㪔现矎ᴻ牐ইຎݢᤈ牧

䛑旉Օᛗ䌕ᑀ蠴䒍蘄扇䌕禂ୌ捍牐

Ŏ�覍觊ࢴ蠛ಯ咳箪萳ᇔ�QRQ�VWHURLGDO�DQWL�LQƊDPPDWRU\

���GUXJV牧16$,'�牧۱ೡᴨේ玚覄物樄缏蝡觊萳ᇔԏ獮䛑扇㺔

���የՈฎ玽ᗡఋ穥ࡃ牐

櫒簁螂硵ܻݢ胼咳螂硵የՈጱ穥ࡃዩ制牧֕犋ୌ捍疥螨

傶蝡䰬ጱᒽኼ蝢ଉ禅ٌࢩጱӞ膢ᒽኼ牧ࡃ螂硵ܻ狶傶လ咅穥ع

蕦褾݈揫牧犖䷱磪妿螂涢挨ጱොဩ牧櫞犥蜣獨ߺ犚የՈݢ胼

ٍ磪硳ፅ牐

磪犚藬咳穥ࡃዩ制ጱଉ憎ࢩᔰ��ֺই螀㵕牏य़ᒞ�牧犋䛑ڰ

螨ع牧ᘒ磪犚櫞犥螨عጱࢩᔰ��ֺইየྰ珅螇眤礕牏瓟

咳ኞ碻䛑蝱ᤈ蒂ᗝ牐ࣁ牧�ێ

ᴻԧ萳ᇔလ咅牧犖ݢᘍ眾ٌ犢ጱလ咅ොဩᒽኼ牧㶧ۗየ

Ո矒ګዩ制㪔褔犵觓檺牐Ӟ膌ٍ磪ṛ挨硁缛羷ጱഷ碞牧ֺই物



��

㷢ᘍ糽
+DQFR[�5��&RZDQ�-��)ODQQHU\�(��+HUELVRQ�*��0F/DFKODQ�&��7D\ORU�'��
%URQFKRGLODWRU�WROHUDQFH�DQG�UHERXQG�EURQFKRFRQVWULFWLRQ�GXULQJ�UHJXODU�
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$OGULGJH�5(��+DQFR[�5-��5RELQ�7D\ORU�'��HW�DO��(ƈHFWV�RI�WHUEXWDOLQH�DQG�
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$QQDOV�RI�$OOHUJ\��$VWKPD�	�,PPXQRORJ\����������������

6XLVVD�6��(UQVW�3��%RLYLQ�-)��HW�DO��$�FRKRUW�DQDO\VLV�RI�H[FHVV�PRUWDOLW\�LQ�
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���������������
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���������������
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����������������
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�DQG�DOOHUJ\�GUXJ��

&KURLQLQ�01��*UHHQVWRQH�,��/DVVHUVRQ�7-��'XFKDUPH�)0��$GGLWLRQ�RI�ORQJțDFWLQJ�
EHWD�țDJRQLVWV�WR�LQKDOHG�VWHURLGV�DV�ƉUVW�OLQH�WKHUDS\�IRU�SHUVLVWHQW�DVWKPD�LQ�
VWHURLGțQDLYH�DGXOWV�DQG�FKLOGUHQ��&RFKUDQH�'DWDEDVH�RI�6\VWHPDWLF�5HYLHZV�
�����&'�������

9LUFKRZ�-&��%DFNHU�9��.XQD�3��HW�DO��(ƋFDF\�RI�D�+RXVH�'XVW�0LWH�6XEOLQJXDO�
$OOHUJHQ�,PPXQRWKHUDS\�7DEOHW�LQ�$GXOWV�:LWK�$OOHUJLF�$VWKPD��$�5DQGRPL]HG�
&OLQLFDO�7ULDO��-DPD������������������

&KXQJ�.)��:HQ]HO�6(��%UR]HN�-/��HW�DO��,QWHUQDWLRQDO�(56�$76�JXLGHOLQHV�RQ�
GHƉQLWLRQ��HYDOXDWLRQ�DQG�WUHDWPHQW�RI�VHYHUH�DVWKPD��(XURSHDQ�5HVSLUDWRU\�
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+XPEHUW�0��%HDVOH\�5��$\UHV�-��HW�DO��%HQHƉWV�RI�RPDOL]XPDE�DV�DGG�RQ�
WKHUDS\�LQ�SDWLHQWV�ZLWK�VHYHUH�SHUVLVWHQW�DVWKPD�ZKR�DUH�LQDGHTXDWHO\�
FRQWUROOHG�GHVSLWH�EHVW�DYDLODEOH�WKHUDS\��*,1$������VWHS���WUHDWPHQW���
,1129$7(��$OOHUJ\����������������
0DF'RQDOG�.0��.DYDWL�$��2UWL]�%��$OKRVVDQ�$��/HH�&6��$EUDKDP�,��6KRUW��DQG�
ORQJ�WHUP�UHDO�ZRUOG�HƈHFWLYHQHVV�RI�RPDOL]XPDE�LQ�VHYHUH�DOOHUJLF�DVWKPD��
V\VWHPDWLF�UHYLHZ�RI����VWXGLHV�SXEOLVKHG������������([SHUW�5HY�&OLQ�
,PPXQRO����������������
3HODLD�*��9DWUHOOD�$��0DVHOOL�5��$VWKPD��WDUJHWHG�ELRORJLFDO�WKHUDSLHV��6SULQJHU��
�����
+XDQJ�<&��/H\NR�%��)ULHUL�0��(ƈHFWV�RI�RPDOL]XPDE�DQG�EXGHVRQLGH�RQ�
PDUNHUV�RI�LQƊDPPDWLRQ�LQ�KXPDQ�EURQFKLDO�HSLWKHOLDO�FHOOV��$QQ�$OOHUJ\�
$VWKPD�,PPXQRO����������������
=LHWNRZVNL�=��6NLHSNR�5��7RPDVLDN�/R]RZVND�00��%RG]HQWD�/XNDV]\N�$��
$QWL�,J(�WKHUDS\�ZLWK�RPDOL]XPDE�GHFUHDVHV�HQGRWKHOLQ���LQ�H[KDOHG�EUHDWK�
FRQGHQVDWH�RI�SDWLHQWV�ZLWK�VHYHUH�SHUVLVWHQW�DOOHUJLF�DVWKPD��5HVSLUDWLRQ�
���������������
$ƈDUD�1��5HIDDW�$��)DWKL�0��6WXG\�RI�WKH�HƈHFW�RI�DQWL�,J(��RPDOL]XPDE��RQ�
VHUXP�OHYHO�RI�PDWUL[�PHWDOORSURWHLQDVH���DV�D�PDUNHU�RI�UHPRGHOLQJ�LQ�VHYHUH�
DVWKPDWLF�SDWLHQWV��(J\SWLDQ�-RXUQDO�RI�&KHVW�'LVHDVHV�DQG�7XEHUFXORVLV�
���������������
+XDQJ�<&��:HQJ�&0��/HH�0-��/LQ�60��:DQJ�&+��.XR�+3��(QGRW\SHV�RI�
VHYHUH�DOOHUJLF�DVWKPD�SDWLHQWV�ZKR�FOLQLFDOO\�EHQHƉW�IURP�DQWLț,J(�WKHUDS\��
&OLQLFDO�	�([SHULPHQWDO�$OOHUJ\���������������
7DNDNX�<��6RPD�7��1LVKLKDUD�)��HW�DO��2PDOL]XPDE�DWWHQXDWHV�DLUZD\�
LQƊDPPDWLRQ�DQG�LQWHUOHXNLQ���SURGXFWLRQ�E\�PRQRQXFOHDU�FHOOV�LQ�SDWLHQWV�
ZLWK�VHYHUH�DOOHUJLF�DVWKPD��,QW�$UFK�$OOHUJ\�,PPXQRO����������6XSSO����������
7DMLUL�7��1LLPL�$��0DWVXPRWR�+��HW�DO��&RPSUHKHQVLYH�HƋFDF\�RI�RPDOL]XPDE�
IRU�VHYHUH�UHIUDFWRU\�DVWKPD��D�WLPH�VHULHV�REVHUYDWLRQDO�VWXG\��$QQ�$OOHUJ\�
$VWKPD�,PPXQRO����������������H��
5LFFLR�$0��'DO�1HJUR�5:��0LFKHOHWWR�&��HW�DO��2PDOL]XPDE�PRGXODWHV�
EURQFKLDO�UHWLFXODU�EDVHPHQW�PHPEUDQH�WKLFNQHVV�DQG�HRVLQRSKLO�LQƉOWUDWLRQ�LQ�
VHYHUH�SHUVLVWHQW�DOOHUJLF�DVWKPD�SDWLHQWV��,QW�-�,PPXQRSDWKRO�3KDUPDFRO�
���������������
5LFFLR�$0��0DXUL�3��'H�)HUUDUL�/��HW�DO��*DOHFWLQ����DQ�HDUO\�SUHGLFWLYH�
ELRPDUNHU�RI�PRGXODWLRQ�RI�DLUZD\�UHPRGHOLQJ�LQ�SDWLHQWV�ZLWK�VHYHUH�DVWKPD�
WUHDWHG�ZLWK�RPDOL]XPDE�IRU����PRQWKV��&OLQ�7UDQVO�$OOHUJ\����������
=DVWU]Hă\æVND�:��3U]\E\V]RZVNL�0��%D]DQ�6RFKD�6��HW�DO��2PDOL]XPDE�PD\�
GHFUHDVH�WKH�WKLFNQHVV�RI�WKH�UHWLFXODU�EDVHPHQW�PHPEUDQH�DQG�ƉEURQHFWLQ�
GHSRVLW�LQ�WKH�EURQFKLDO�PXFRVD�RI�VHYHUH�DOOHUJLF�DVWKPDWLFV��-RXUQDO�RI�
$VWKPD����������������
5RWK�0��=KRQJ�-��=XPNHOOHU�&��6
1J�&�7��*RXOHW�6��7DPP�0��7KH�UROH�RI�
,J(�UHFHSWRUV�LQ�,J(�GHSHQGHQW�DLUZD\�VPRRWK�PXVFOH�FHOO�UHPRGHOOLQJ��3/R6�
2QH��������H������
$OKRVVDQ�$��/HH�&6��0DF'RQDOG�.��$EUDKDP�,���5HDO�OLIH��(ƈHFWLYHQHVV�
6WXGLHV�RI�2PDOL]XPDE�LQ�$GXOW�3DWLHQWV�ZLWK�6HYHUH�$OOHUJLF�$VWKPD��
0HWD�DQDO\VLV��-�$OOHUJ\�&OLQ�,PPXQRO�3UDFW����������������H��
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0HQ]HOOD�)��*DOHRQH�&��)RUPLVDQR�'��HW�DO��5HDO�OLIH�(ƋFDF\�RI�
2PDOL]XPDE�$IWHU���<HDUV�RI�)ROORZ�XS��$OOHUJ\�$VWKPD�,PPXQRO�5HV�
��������������
7HDFK�6-��*LOO�0$��7RJLDV�$��HW�DO��3UHVHDVRQDO�WUHDWPHQW�ZLWK�HLWKHU�
RPDOL]XPDE�RU�DQ�LQKDOHG�FRUWLFRVWHURLG�ERRVW�WR�SUHYHQW�IDOO�DVWKPD�
H[DFHUEDWLRQV��-�$OOHUJ\�&OLQ�,PPXQRO������������������
(VTXLYHO�$��%XVVH�::��&DODWURQL�$��HW�DO��(ƈHFWV�RI�2PDOL]XPDE�RQ�
5KLQRYLUXV�,QIHFWLRQV��,OOQHVVHV��DQG�([DFHUEDWLRQV�RI�$VWKPD��$P�-�5HVSLU�
&ULW�&DUH�0HG�����������������
%RXUGLQ�$��6KDZ�'��0HQ]LHV�*RZ�$��HW�DO��7ZR�\HDU�LQWHJUDWHG�
VWHURLG�VSDULQJ�DQDO\VLV�DQG�VDIHW\�RI�EHQUDOL]XPDE�IRU�VHYHUH�DVWKPD��
-RXUQDO�RI�$VWKPD�����������
.KDWUL�6��0RRUH�:��*LEVRQ�3*��HW�DO��$VVHVVPHQW�RI�WKH�ORQJ�WHUP�VDIHW\�
RI�PHSROL]XPDE�DQG�GXUDELOLW\�RI�FOLQLFDO�UHVSRQVH�LQ�SDWLHQWV�ZLWK�VHYHUH�
HRVLQRSKLOLF�DVWKPD��-�$OOHUJ\�&OLQ�,PPXQRO������������������H��
/XJRJR�1��'RPLQJR�&��&KDQH]�3��HW�DO��/RQJ�WHUP�(ƋFDF\�DQG�6DIHW\�RI�
0HSROL]XPDE�LQ�3DWLHQWV�:LWK�6HYHUH�(RVLQRSKLOLF�$VWKPD��$�0XOWL�FHQWHU��
2SHQ�ODEHO��3KDVH�,,,E�6WXG\��&OLQ�7KHU�����������������H��
%XVVH�::��%OHHFNHU�(5��)LW]*HUDOG�-0��HW�DO��/RQJ�WHUP�VDIHW\�DQG�
HƋFDF\�RI�EHQUDOL]XPDE�LQ�SDWLHQWV�ZLWK�VHYHUH��XQFRQWUROOHG�DVWKPD��
��\HDU�UHVXOWV�IURP�WKH�%25$�SKDVH���H[WHQVLRQ�WULDO��7KH�/DQFHW�
5HVSLUDWRU\�0HGLFLQH��������������
.KXUDQD�6��%UXVVHOOH�**��%HO�(+��HW�DO��/RQJ�WHUP�VDIHW\�DQG�FOLQLFDO�
EHQHƉW�RI�PHSROL]XPDE�LQ�SDWLHQWV�ZLWK�WKH�PRVW�VHYHUH�HRVLQRSKLOLF�
DVWKPD��WKH�&260(;�VWXG\��&OLQLFDO�WKHUDSHXWLFV������������������H��
2UWHJD�+*��<DQFH\�6:��0D\HU�%��HW�DO��6HYHUH�HRVLQRSKLOLF�DVWKPD�
WUHDWHG�ZLWK�PHSROL]XPDE�VWUDWLƉHG�E\�EDVHOLQH�HRVLQRSKLO�WKUHVKROGV��D�
VHFRQGDU\�DQDO\VLV�RI�WKH�'5($0�DQG�0(16$�VWXGLHV��7KH�/DQFHW�
5HVSLUDWRU\�0HGLFLQH���������������
%UXVVHOOH�*��*HUPLQDUR�0��:HLVV�6��=DQJULOOL�-��5HVOL]XPDE�LQ�SDWLHQWV�ZLWK�
LQDGHTXDWHO\�FRQWUROOHG�ODWH�RQVHW�DVWKPD�DQG�HOHYDWHG�EORRG�HRVLQRSKLOV��
3XOPRQDU\�SKDUPDFRORJ\�	�WKHUDSHXWLFV���������������
)LW]*HUDOG�-0��%OHHFNHU�(5��0HQ]LHV�*RZ�$��HW�DO��3UHGLFWRUV�RI�
HQKDQFHG�UHVSRQVH�ZLWK�EHQUDOL]XPDE�IRU�SDWLHQWV�ZLWK�VHYHUH�DVWKPD��
SRROHG�DQDO\VLV�RI�WKH�6,52&&2�DQG�&$/,0$�VWXGLHV��7KH�/DQFHW�
5HVSLUDWRU\�0HGLFLQH��������������
6LPSVRQ�(/��%LHEHU�7��*XWWPDQ�<DVVN\�(��HW�DO��7ZR�SKDVH���WULDOV�RI�
GXSLOXPDE�YHUVXV�SODFHER�LQ�DWRSLF�GHUPDWLWLV��1HZ�(QJODQG�-RXUQDO�RI�
0HGLFLQH������������������
%DFKHUW�&��0DQQHQW�/��1DFOHULR�50��HW�DO��(ƈHFW�RI�VXEFXWDQHRXV�
GXSLOXPDE�RQ�QDVDOSRO\S�EXUGHQ�LQ�SDWLHQWV�ZLWK�FKURQLF�VLQXVLWLV�DQG�
QDVDO�SRO\SRVLV��D�UDQGRPL]HG�FOLQLFDO�WULDO��-DPD������������������
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&DVWUR�0��&RUUHQ�-��3DYRUG�,'��HW�DO��'XSLOXPDE�HƋFDF\�DQG�VDIHW\�LQ�
PRGHUDWH�WR�VHYHUH�XQFRQWUROOHG�DVWKPD��1HZ�(QJODQG�-RXUQDO�RI�
0HGLFLQH������������������
=D\HG�<��.KHLUL�%��%DQLIDGHO�0��HW�DO��'XSLOXPDE�VDIHW\�DQG�HƋFDF\�LQ�
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螨ع瞱媲ֵአ2&6

妔Ԩ胑ᴥलጱလ咅
�㷢ᆙ*2/'戡လ
瞲�

Ŏ�蚏তလ咅萳ᇔ
傶珅獈ࣳ/$0$
$%$/�

Ŏ�狅ᆙ*2/'戡လ
瞲牧犥ӥ眐丆
ےႲݢ , & 6 လ
咅物֘ᴺየՈ牏
ӞଙӾ䘣玕稞碍
ɘ�稞襑ᥝֵአ
2&6ฎᤅ႖Ӿ
琡蠑ጮᤅ純碍
爨���毼�xO

螨عṛ㴫ᰁ,&6牧
螨ع瞱媲ֵአ2&6

犋ୌ捍ֵአ珀,&6
ጱ娓薹ࣳ萳ᇔ
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蔭����穥ࡃ膏胑ᴥलጱ胑ᰁ懯介手

ֵአඪ穥ᓕ硌皰㴫
獮盅牧አێ穥
Ӟᑁᰁ�አێ穥
胑ၚᰁҁ)(9����
)9&҂ԏ穉꧊ྋଉ

ֵአඪ穥ᓕ硌皰
㴫盅)(9����)9&
ԏ穉꧊ӥ褔����犵
ෝྋଉ꧊ӥ褖
������*2/'�����

ֵአඪ穥ᓕ硌皰
㴫盅)(9��爨�
����毆介꧊

ֵአඪ穥ᓕ硌皰
㴫盅)(9����
����毆介꧊

ֵአඪ穥ᓕ硌皰
㴫盅)(9��斃च器
꧊硬珿�!�����
���PO��ݢ蝖穥
窕ݑ褖�

ֵአඪ穥ᓕ硌皰
㴫盅)(9��斃च器
꧊硬珿�!�����
���PO��ก氥ጱݢ
蝖穥窕ݑ褖�

%'物ඪ穥ᓕ硌皰㴫牪)(9��物አێ穥Ӟᑁᰁ牪)9&物አێ穥胑ၚᰁ牪�
*2/'物*OREDO�,QLWLDWLYH�IRU�2EVWUXFWLYH�/XQJ�'LVHDVH牧胑ᴥल獊純
捍奲而

磪種匍虡

ٍ穥窕ݑ褖ጱዩ
制牧֕ݢ胼ᛔ咳
妿လ咅অ旉

磪種匍虡�ࣁ穥ࡃ
ዩ制糷臑অ矒
匍ڊӥዩ制ګ
ጱ樌稤๗�

磪種匍虡牐傶穥
ܧ᯿ጱےዩ制ࡃ
檺ࢩৼ

蝢ଉࣁ穥ࡃ咳֢
ጱ礓㮆๗樌ڊ
匍牧֕ฎ吚穥ࡃ
ዩ制矒ګ臑অ
ֵአ矒ګ咅ဩ碻
胼篷種匍虡ݢ

ṛଶݢ胼

篷種匍虡

胑ᴥलጱᥝ
戡䥁礿կ

դ蔭磪斕ଶ瞱
媲穥窕ݑ褖

穥窕ݑ褖瑥᯿ଶ
现๚㬵觓檺Ԫկ
ጱ毆介瞲秂�ֺ
ই物稴犜ሲ现胑
ᴥल䘣玕�

ଉ憎牧疪ٌฎ
吚)(9�碍꧊犵
ጱ碻狡

耶憎

篷種匍虡

穥ࡃ膏胑ᴥल᯿
吩ጱᥝ戡䥁礿
կ

դ蔭磪斕ଶ瞱媲
穥窕ݑ褖

疰穥ࡃ现胑ᴥल
ᘒ抷

ଉ憎牧疪ٌฎ吚
)(9�碍꧊犵ጱ碻
狡

磪種匍虡

胑ۑ胼虋玕 穥ࡃ 胑ᴥल
穥ࡃ膏胑ᴥल
᯿吩
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蔭ݢ����አෝ玟蜣穥ࡃ胑ᴥलጱ粬ਧ䲒涢

胑ۑ胼介手

猟䲒介

Ӟ࿔玕繞硌碂狌碍�'/&2�

㵕脁ᤅ穥誢獤ຉ
�DUWHULDO�EORRG�JDVHV�

穥螇ṛ玱䛑��DLUZD\�
K\SHUUHVSRQVLYHQHVV牧$+5��

ྋଉ�ኼ盏܋ṛ�

咳֢犥क़碻樌ྋଉ
᯿ଶ胑ᴥलየՈዩ
制䘣玕犥क़ጱ碻樌
匍眸吖ଉڊ胼ݢ

妿ଉ褔犵

篷ဩᤩአෝ玟蜣穥ࡃ胑ᴥल牧֕斃ṛጱ
$+5斃㰆ݻෝ穥ࡃ

ṛ薹ຉଶ襎脲䥁䍅矊矟
�KLJK�UHVROXWLRQ�&7�VFDQ�

蝢ଉ傶ྋଉ牧֕ݢ
胼䨝薪疗ک胑蟂绚
穥笎坌ඪ穥ᓕॅ
ጱ匍虡ܹے

犵ੂଶ玟�ORZ�
DWWHQXDWLRQ�
DUHDV�ݢአ犥ᰁ玕
蔭纈胑蟂绚穥笎坌
穥脵ጱ虋玕牪
ඪ穥ᓕॅک薪疗ݢ
ीܹ胑㵕脁ṛ瓟
ጱ匍虡

螂硵介手珊檚玱䛑�粬吖
,J(�ጼ腓朼گ螂硵䲒礚�

ीے螂硵穥ࡃጱ
ࡃ胼牧㪔覍穥ݢ
ጱᥝ戡䥁礿կ

膏ፐᤈሲ胙วፘ
ᒧ牧篷ဩአ犥矎ᴻ
胑ᴥलጱ戡䥁�

�)H12�穥Ӟ࿔玕穦策ଶ

覍珅苑ᘏԏ)H12
珊匍ṛ策ଶ�!���
SSE�牧蔭纈膏琡蠑
珅螇咳箪ٍӾ
ଶፘ橕

蝢ଉ傶ྋଉ牧֕珅
苑ᘏ狳犵

ᤅӾ琡蠑ጮᤅ純ीग़
�EORRG�HRVLQRSKLOLD�

ඪ瞱戡䥁傶琡蠑
珅螇咳箪

匍種匍虡牧ڊ胼ݢ
۱珀胑ᴥल䘣玕๗
樌�

綱႖咳箪奞胨獤ຉ�VSXWXP�
LQƊDPPDWRU\�FHOO�DQDO\VLV��

๚ࣁय़ᰁ碢ᗭӾ嘦缏ݢአԏ裬獨戡䥁

'/&2物GLƈXVLQJ�FDSDFLW\�RI�WKH�OXQJV�IRU�FDUERQ�PRQR[LGH牧
Ӟ࿔玕繞硌碂狌碍牪�)H12物IUDFWLRQDO�FRQFHQWUDWLRQ�RI�H[KDOHG�QLWULF�
R[LGH牧穥Ӟ࿔玕穦策ଶ牪,J(物عዖ純ᢓጮ(

咳箪ኞᇔ秂懿

穥ࡃ 胑ᴥल
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๚㬵Ꮈ绗ොݻ

ፓ獮蝁獥ጱ襑ᥝๅग़ጱᎸ绗㬵虏य़疑ๅے藨蘷$&2

य़ग़碍ጱ褰秚䌘ᆙ屷ଥ手涢ࣁࢩਞ獊磪硳ጱလ咅ୌ捍牐׀

Ӿ牧犋ٍَࣳ穥ࡃዩ制َࣳ胑ᴥलዩ制ጱየՈ牧ݶ碻ٍ

磪穥ࡃ现胑ᴥलዩ制ጱየՈ牧蝢ଉ᮷䨝ᤩᴻ矎ࣁ手涢ฎ秚

旉Ꮈ绗क़牐

๚㬵ጱᎸ绗ොݻ䛑۱珀磪珅螇ዩ制磪眸珅螇ݑ

ᴥየՈԏ屷ଥ现ኞቘ粬监牏ኞᇔ秂懿笴ࣁ膌የ秚ګጱᎸ

绗牐ݶ碻牧ᒍℂ屷ଥ蠴䒍牧粬獨ฎच䍅蠴咅㻌֖现覍胷脨

䌕ᑀ蠴䒍ጱ薪讨牧׀ԧ橕ෝ戡䥁现ྍڡလ咅ጱୌ捍牐朼䌘

$&2牧෭盅襑ᥝ蝱Ӟྍ犥䋿挨蠴䋊傶च器ጱᎸ绗牧㬵ਧ嬝

$&2牧犥现穥ࡃ膏胑ᴥल᯿吩ጱየՈๅ托奞ጱ獤觊牧㪔Ἡ玎

ୌ缏ݢአෝ屷ଥԏ磪硳လ咅牐
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㷢ᘍ糽
3RVWPD�'6��5DEH�.)��7KH�DVWKPDŃ&23'�RYHUODS�V\QGURPH��1HZ�(QJODQG�
-RXUQDO�RI�0HGLFLQH�����������������

0DUVK�6��7UDYHUV�-��:HDWKHUDOO�0��HW�DO��3URSRUWLRQDO�FODVVLƉFDWLRQV�RI�
&23'�SKHQRW\SHV��7KRUD[���������������

.DXSSL�3��.XSLDLQHQ�+��/LQGTYLVW�$��HW�DO��2YHUODS�V\QGURPH�RI�DVWKPD�
DQG�&23'�SUHGLFWV�ORZ�TXDOLW\�RI�OLIH��-RXUQDO�RI�$VWKPD����������������

:HDWKHUDOO�0��7UDYHUV�-��6KLUWFOLƈH�3��HW�DO��'LVWLQFW�FOLQLFDO�SKHQRW\SHV�RI�
DLUZD\V�GLVHDVH�GHƉQHG�E\�FOXVWHU�DQDO\VLV��(XURSHDQ�5HVSLUDWRU\�-RXUQDO�
��������������

,QRXH�+��1DJDVH�7��0RULWD�6��<RVKLGD�$��-LQQDL�7��,FKLQRVH�0��3UHYDOHQFH�
DQG�FKDUDFWHULVWLFV�RI�DVWKPDŃ&23'�RYHUODS�V\QGURPH�LGHQWLƉHG�E\�D�
VWHSZLVH�DSSURDFK��,QWHUQDWLRQDO�MRXUQDO�RI�FKURQLF�REVWUXFWLYH�SXOPRQDU\�
GLVHDVH��������������

.HQG]HUVND�7��6DGDWVDIDYL�0��$DURQ�6'��HW�DO��&RQFXUUHQW�SK\VLFLDQ�GL�
DJQRVHG�DVWKPD�DQG�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��D�SRSXODWLRQ�
VWXG\�RI�SUHYDOHQFH��LQFLGHQFH�DQG�PRUWDOLW\��3OR6�RQH���������

8FKLGD�$��6DNDXH�.��,QRXH�+��(SLGHPLRORJ\�RI�DVWKPD�FKURQLF�REVWUXFWLYH�
SXOPRQDU\�GLVHDVH�RYHUODS��$&2���$OOHUJRORJ\�,QWHUQDWLRQDO�
���������������

.ULVKQDQ�-$��1LEEHU�$��&KLVKROP�$��HW�DO��3UHYDOHQFH�DQG�&KDUDFWHULVWLFV�
RI�$VWKPDŃ&KURQLF�2EVWUXFWLYH�3XOPRQDU\�'LVHDVH�2YHUODS�LQ�5RXWLQH�
3ULPDU\�&DUH�3UDFWLFHV��$QQDOV�RI�WKH�$PHULFDQ�7KRUDFLF�6RFLHW\�
����������������

$OVKDEDQDW�$��=DIDUL�=��$OEDQ\DQ�2��'DLUL�0��)LW]*HUDOG�-��$VWKPD�DQG�
&23'�RYHUODS�V\QGURPH��$&26���D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��
3OR6�RQH���������

*LEVRQ�3��6LPSVRQ�-��7KH�RYHUODS�V\QGURPH�RI�DVWKPD�DQG�&23'��ZKDW�
DUH�LWV�IHDWXUHV�DQG�KRZ�LPSRUWDQW�LV�LW"�7KRUD[����������������

$QGHUV¬Q�+��/DPSHOD�3��1HYDQOLQQD�$��6§\Q§M§NDQJDV�2��.HLVWLQHQ�7��+LJK�
KRVSLWDO�EXUGHQ�LQ�RYHUODS�V\QGURPH�RI�DVWKPD�DQG�&23'��7KH�FOLQLFDO�
UHVSLUDWRU\�MRXUQDO��������������

*OREDO�,QLWLDWLYH�IRU�&KURQLF�2EVWUXFWLYH�/XQJ�'LVHDVH��*2/'���*OREDO�
6WUDWHJ\�IRU�'LDJQRVLV��0DQDJHPHQW�DQG�3UHYHQWLRQ�RI�&23'�)RQWDQD��
:,��86$�������

/D]DUXV�6&��%RXVKH\�+$��)DK\�-9��HW�DO��/RQJ�DFWLQJ�ǃ��DJRQLVW�
PRQRWKHUDS\�YV�FRQWLQXHG�WKHUDS\�ZLWK�LQKDOHG�FRUWLFRVWHURLGV�LQ�SDWLHQWV�
ZLWK�SHUVLVWHQW�DVWKPD��D�UDQGRPL]HG�FRQWUROOHG�WULDO��-DPD�
�����������������

5RGULJR�*-��&DVWUR�5RGU°JXH]�-$��6DIHW\�RI�ORQJ�DFWLQJ�ǃ�DJRQLVWV�IRU�
WKH�WUHDWPHQW�RI�DVWKPD��FOHDULQJ�WKH�DLU��7KRUD[���������������
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1HOVRQ�+6��:HLVV�67��%OHHFNHU�(5��<DQFH\�6:��'RULQVN\�30��*URXS�66��7KH�
6DOPHWHURO�0XOWLFHQWHU�$VWKPD�5HVHDUFK�7ULDO��D�FRPSDULVRQ�RI�XVXDO�
SKDUPDFRWKHUDS\�IRU�DVWKPD�RU�XVXDO�SKDUPDFRWKHUDS\�SOXV�VDOPHWHURO��&KHVW�
���������������

0F0DKRQ�$:��/HYHQVRQ�06��0F(YR\�%:��0RVKROGHU�$'��0XUSK\�'��$JH�DQG�
ULVNV�RI�)'$�DSSURYHG�ORQJ�DFWLQJ�ǃ��DGUHQHUJLF�UHFHSWRU�DJRQLVWV��
3HGLDWULFV����������H�����H���

*OREDO�,QLWLDWLYH�IRU�$VWKPD�������*,1$�5HSRUW��*OREDO�6WUDWHJ\�IRU�$VWKPD�
0DQDJHPHQW�DQG�3UHYHQWLRQ�������
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