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IHU�DQG�WKHUPDO�FRQGXFWLYLW\�HTXDWLRQV�LQ�WKH�SUREOHPV�RI�DWPRV�
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­ãÒÏ}Ò²� }� �Ëä¹ËSÈ��SË� °�Ë}ãºmÈÓÒ«�� lË²ÈÓÒÏä©
SËãÈ}°È�ÒÒ��¹SÒmº�«�ÒË�}���I�°¹Ë}�SÈä��¹º}È�¹ºã�
Óº°�
��ÓË�«°Ó©��3ÈÏSÈ­º�ÈÓÈ�äË�º�Ò}È�º¹SË�ËãË�
ÓÒ«�¹ãº�Óº°�Ò�}ºãË­È�Ëã
Ó©²�°º°�º«ÓÒ®�°�Ë}ºã�¹º
�ÈÓÓ©ä� ÓÒÏ}º�Ëä¹ËSÈ��SÓº®� �Ë¹ãºËä}º°�Ò�� Ò°�
¹ºã
Ï���È«� SË	ËÓÒË� ÒÓ�Ë�SÈã
Óº�º� �SÈmÓËÓÒ«
äË�º�ºä�SË��ã«SÒÏÈ�ÒÒ�¹º��Ò²ºÓºm��

jÓ°�Ò����Èm�ºäÈ�Ò}Ò�Ò�ªãË}�SºäË�SÒÒ�v|�3ks
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nÏÓÏ×ØÌS×ØÊÔ�ÔÉSÈÎÔÊÈÓÏÇ�Ï�ÓÈ¿²Ï�3v
�vÌËÌSÈÑáÓÔÌ�È�ÌÓØ×ØÊÔ�ÕÔ�ÓÈ¿²Ì�Ï�ÏÓÓÔÊÈÛÏÇÒ�

3Ô××ÏÐ×²ÈÇ�È²ÈËÌÒÏÇ�ÓÈ¿²
�pØËÌÑÌÓÏÌ�ÏÓÙÔSÒÈÛÏÔÓÓàÚ�ØÌÚÓÔÑÔ�ÏÐ�Ï�ÊàÜÏ×ÑÏØÌÑáÓàÚ�×Ï×ØÌÒ�¶�pjtds�3bo�

3Ô××ÏÐ×²ÏÐ�ÙÔÓË�Ù¿ÓËÈÒÌÓØÈÑáÓàÚ�Ï××ÑÌËÔÊÈÓÏÐ

pbp�nÔ×²ÔÊ×²ÏÐ�²ÔÒÏØÌØ�ÕÔ�ÓÈ¿²Ì�Ï�ØÌÚÓÔÑÔ�ÏÇÒ

sÌ²ÛÏÇ�ÓÈ¿ÜÓÔ�Ô�×ÔÊÌØÈ�pjtds�3bo��qSÔÉÑÌÒà�ÈÊØÔÒÈØÏÎÈÛÏÏ�ÕSÔÌ²ØÏSÔÊÈÓÏÇ�ÒÏ²å
SÔÕSÔÛÌ××ÔSÔÊ
Ï�×ÊÌSÚÉÔÑáÝÏÚ�ÏÓØÌ�SÈÑáÓàÚ�×ÚÌÒ�

jÓ×ØÏØ¿Ø�ÕSÔÉÑÌÒ�ÕSÔÌ²ØÏSÔÊÈÓÏÇ�Ê�ÒÏ²SÔâÑÌ²ØSÔÓÏ²Ì�3bo

h¿SÓÈÑ��jÓÙÔSÒÈÛÏÔÓÓàÌ�ØÌÚÓÔÑÔ�ÏÏ�

nÔ×²ÔÊ×²ÏÐ��Ô×¿ËÈS×ØÊÌÓÓàÐ�ÏÓ×ØÏØ¿Ø�âÑÌ²ØSÔÓÓÔÐ�ØÌÚÓÏ²Ï��tu�

Ô S � È Ó Ï Î ¿ ã Ø

dØÍSÕØØÐÑØ³Àä�ÔÉÀÝÔÕæÙÍÛÔÐÝÍØ³Àä�³ÕÔÚÍSÍÔÜÐä
�q3pcmgn}�3bi3bcptlj�qg3sqgltjdo}w
njl3p�mglt3poo}w�sjstgn�¶�������
�n�s¶�����
��¶���Ô²ØÇÉSÇ��������
mÌÜÌÉÓÔåÔÎËÔSÔÊÏØÌÑáÓàÐ�ÛÌÓØS
eÌÓÕSÔ²¿SÈØ¿Sà�3v��j×ØSÈ�
�nÔ×²ÔÊ×²ÈÇ�ÔÉÑÈ×Øá��j×ØSÏÓ×²ÏÐ�SÈÐÔÓ�

p×ÓÔÊÓàÌ�ÔÉ×¿ÍËÈÌÒàÌ�ØÌÒà

nÌØÔËà� Ï� ×SÌË×ØÊÈ� ÈÊØÔÒÈØÏÎÈÛÏÏ
ÕSÔÌ²ØÏSÔÊÈÓÏÇ�n�s�

z ÓÍÙÕÌá�Ð�ÉÒ�ÕSÐÙÓá�ÚÀÔ³ÜÐÕÔÉÒâÔÕæ
ÒÕ�ÐÝÍØ³Õ�Õ�ÓÕÌÍÒÐSÕËÉÔÐÈ�

z ÓÍÙÕÌá�ÓÕÌÍÒÐSÕËÉÔÐÈ�ãÒÍ³ÙSÐÝÍØ³ÐÛ
ÛÉSÉ³ÙÍSÐØÙÐ³� scjs��ÓÍÙÕÌá� ØÓÍÞÉÔæ
ÔÕ�Õ� Ð� ÉÔÉÒÕ�ÕËÕ�Õ� ÖÕËÍÌÍÔÝÍØ³Õ�Õ
ÓÕÌÍÒÐSÕËÉÔÐÈ� Ë� ØÛÍÓÕÙÍÛÔÐÝÍØ³ÕÓ
ÖSÕÍ³ÙÐSÕËÉÔÐÐ�

z ÓÍÙÕÌá� Ð� ÉÒ�ÕSÐÙÓá� ÉËÙÕÓÉÙÐÏÉÜÐÐ
ÙÕÖÕÒÕ�ÐÝÍØ³Õ�Õ�ÖSÕÍ³ÙÐSÕËÉÔÐÈ

z ÓÍÙÕÌá� ÖSÐÊÕSÔÕæÙÍÛÔÕÒÕ�ÐÝÍØ³Õ�Õ
ÓÕÌÍÒÐSÕËÉÔÐÈ�scjs�

z ÓÍÙÕÌá�ÓÕÌÍÒÐSÕËÉÔÐÈ�ÓÍÎØÕÍÌÐÔÍæ
ÔÐÑ�Ë�scjs��Ë³ÒäÝÉÈ�ÖSÕÊÒÍÓá�ã³Øæ
ÙSÉ³ÜÐÐ�Ð�SÍÌÀ³ÜÐÐ�ÜÍÖÍÑ

pÕàØ�SÈÎSÈÉÔØ²Ï�n�s

pÖáÙ� SÉÏSÉÊÕÙ³Ð�Ð�ÓÍÙÕÌÕÒÕ�ÐÈ� ÖSÕæ
Í³ÙÐSÕËÉÔÐÈ� ÜÐÚSÕËáÛ�� ÉÔÉÒÕ�ÕËáÛ�� ÚÕæ
ÙÕÝÀËØÙËÐÙÍÒâÔáÛ�Ð�ØÓÍÞÉÔÔáÛ�n�s�Ð ÌS�

sÏ×ØÌÒà� ÓÈ� ²SÏ×ØÈÑÑÌ� Ï� ,3åÉÑÔ²Ï
�sol��

z ÉSÛÐÙÍ³ÙÀSá� ØÐØÙÍÓ� SÍÉÒÐÏÀÍÓáÛ� Ë
ËÐÌÍ�sol�

z ØSÍÌØÙËÉ�sbq3�ÌÒÈ�sol�Ð�n�s�

z ÖSÕÊÒÍÓá� Ë³ÒäÝÍÔÐÈ� Ë� sol� ³ÕÓÖÕæ
ÔÍÔÙÕË� SÉÏÒÐÝÔÕÑ� ÚÐÏÐÝÍØ³ÕÑ� ÖSÐæ
SÕÌá�ÐÒÐ�ÙÍÛÔÕÒÕ�ÐÑ�

z ÖSÕÊÒÍÓá�ÐØÖÕÒâÏÕËÉÔÐÈ�Ë�sol�ÖSÕæ
ÌÀ³ÙÕË� ÐÔÙÍÒÒÍ³ÙÀÉÒâÔÕÑ� ØÕÊØÙËÍÔæ
ÔÕØÙÐ��,3æÊÒÕ³ÕË��
sÖÕÔØÕSÉÓ� ³ÕÔÚÍSÍÔÜÐÐ� ÖSÍÌÕØÙÉËæ

ÒÈÍÙØÈ� ËÕÏÓÕÎÔÕØÙâ� ÙÍÛÔÐÝÍØ³ÕÑ� ÖSÍæ
ÏÍÔÙÉÜÐÐ

lm�ygd}g�fbt}

fÕ������������·�ÖSÐÍÓ�ÙÍÏÐØÕË�ÌÕ³æ
ÒÉÌÕË�

fÕ� ����������� ·� ÐÔÚÕSÓÉÜÐÈ� Õ
Ë³ÒäÝÍÔÐÐ�ÌÕ³ÒÉÌÉ�Ë�ÖSÕ�SÉÓÓÀ�³ÕÔÚÍæ
SÍÔÜÐÐ�

fÕ� �����������·� ÖSÐÍÓ� ÕÚÕSÓÒÍÔæ
ÔáÛ�ÌÕ³ÒÉÌÕË�

�����������·�ÖSÐÍÏÌ�ÀÝÉØÙÔÐ³ÕË��ÕÙæ
³SáÙÐÍ�³ÕÔÚÍSÍÔÜÐÐ�

����������� ·� ÏÉ³SáÙÐÍ� ³ÕÔÚÍSÍÔæ
ÜÐÐ��ÕÙàÍÏÌ�ÀÝÉØÙÔÐ³ÕË

sSÔ²Ï�ÕSÌË×ØÈÊÑÌÓÏÇ�ËÔ²ÑÈËÔÊ

fÕ³ÒÉÌá�Ø�ã³ØÖÍSÙÔáÓ�ÏÉ³ÒäÝÍÔÐÍÓ
ÔÉ�ËÕÏÓÕÎÔÕØÙâ�ÕÖÀÊÒÐ³ÕËÉÔÐÈ�ÌÕÒÎÔá
ÊáÙâ�ÖSÍÌØÙÉËÒÍÔá�ÔÍ�ÖÕÏÌÔÍÍ����ÈÊ�¿å
×ØÈ���������ÖÕ�ÉÌSÍØÀ�

�������nÕØ³ËÉ��ÀÒ��sÕËÍÙØ³ÉÈ��Ì����
jÔØÙÐÙÀÙ�ÖSÕÊÒÍÓ�ÖSÕÍ³ÙÐSÕËÉÔÐÈ�

Ë ÓÐ³SÕãÒÍ³ÙSÕÔÐ³Í�3bo��pS�³ÕÓÐÙÍÙ�
n�s·������É�ÙÉ³ÎÍ�ÔÉÇÎÈØÌÑáÓÔ�ÖÕ�
ãÒÍ³ÙSÕÔÔÕÑ�ÖÕÝÙÍ��ERULVNLQ#LSSP�UX

{­´®°¬ ¶¨¿
pS�ÈÓÏÎÈÛÏÔÓÓàÐ�²ÔÒÏØÌØ

sØÌÒÕ²ÔÊ×²ÏÐ�b� m� ÖSÍÌØÍÌÉÙÍÒâ��

ÝÒ�æ³ÕSS��3bo��

jqqn�3bo

3ÇÉÔÊ�e� e� ÏÉÓÍØÙÐÙÍÒâ

ÖSÍÌØÍÌÉÙÍÒÈ��

ÝÒ�æ³ÕSS��3bo

yÑÌÓà�ÔS�ÈÓÏÎÈÛÏÔÓÓÔ�Ô�²ÔÒÏØÌØÈ�

cÕSÐØ³ÐÔ�%� &� jqqn�3bo

eSÐÌÐÔ�d� o� Ì��Ù� Ô���xjtq�3bo

lÕÏÒÕË��� v� Ì��Ù� Ô���nÐÔÕÊSÔÉÀ³Ð�

3ÕØØÐÐ

nÉÒâÜÍË�q� q� Ì��Ù� Ô���sqq�3bo

oÕSÍÔ³ÕË�j� q� Ì��Ù� Ô���netu�

ÐÓ��o� ���cÉÀÓÉÔÉ

sÕ³ÕÒÕË�j� b� ÝÒ�æ³ÕSS��3bo��jqj�3bo

yÉÖ³ÍËÐÝ�b� m� Ì��Ù� Ô���pbp�nlot

yÉÖÒá�ÐÔ��� b� ÝÒ�æ³ÕSS��3bo��nej�t�

�tu�

{ÍÒÕ³ÕË�b� o� ³��Ú�æÓ��Ô���jqqn�3bo

qSÔ�SÈÒÒÓàÐ�²ÔÒÏØÌØ

oÔSÌÓ²ÔÊ�j� q� ÖSÍÌØÍÌÉÙÍÒâ��Ì��Ù� Ô���

netu�ÐÓ��o�����cÉÀÓÉÔÉ

yÑÌÓà�ÕSÔ�SÈÒÒÓÔ�Ô�²ÔÒÏØÌØÈ

cÕÊ³ÕË�s� e� ³��Ù� Ô���ojjsj�3bo

lÕSÈÝ³Õ�d� q� Ì��Ù� Ô���3e3tb

lÀSÍÑÝÐ³�d� n� Ì��Ù� Ô���t3tu

qSÐÛÕÌâ³Õ�q� s� Ì��Ù��Ô��pbp��ojjn�

Ð��nÐ³SÕÔ�

qÍÙSÐÝ³ÕËÐÝ��� �� ³��Ù� Ô���euq�oqx�

��mdjs�

qÍÙSÕØÈÔÜ�l� p� Ì��Ù� Ô���nej�n�tu�

3ÀØÉ³ÕË�s� e� Ì��Ù� Ô���jqqn�3bo

s³SáÒÍË�b� s� Ì��Ù� Ô���veuq��qÀÒâØÉS�

sÙÍÔÐÔ�d� �� Ì��Ù� Ô���njvj�eu�

sÉÀSÕË�b� o� ³��Ù� Ô���eox�3v�eu�oql�

�tÍÛÔÕÒÕ�ÐÝÍØ³ÐÑ�

xÍÔÙS��nj�t

sÌ²SÌØÈSÏÈØ�lÔÓÙÌSÌÓÛÏÏ�
�jqqn�3bo�

lÀSÕÍÌÕËÉ�oÉÙÉÒâÈ�dÉØÐÒâÍËÔÉ��

Ù�����æ�����·�Ð Ô Ú Õ S Ó É Ü Ð È

g�ÕSÕËÉ�dÉÒÍÔÙÐÔÉ�dÒÉÌÐÓÐSÕËÔÉ��

Ù�����æ�����·�Ö À Ê Ò Ð ³ É Ü Ð Ð

eÕSØ³ÉÈ�iÕÈ�bÒÍ³ØÍÍËÔÉ��Ù�����æ�����·�
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&217(176

9RLWVHNKRYVNLL�$� 9���1HVPHORY�6� 1���.XOFKLWVN\�1� $���
.XOFKLWVN\�$� 1���0HOQLNRY�$� $��7KH�7KUHVKROG�
&KDUDFWHULVWLFV�*H6L�6L�+HWHURMXQFWLRQ�'HWHFWRUV�ZLWK�
WKH�,QWHUQDO�3KRWRHPLVVLRQ�LQ�D�6SHFWUDO�5DQJH��Û�� ��������� �

7KH�TXHVWLRQV�RI�FUHDWLRQ�RI�LQIUD�UHG�GHWHFWRUV�RQ�HSL�
WD[LDO�KHWHURVWUXFWXUHV�*H[6L��Ü�[�6L�DUH�FRQVLGHUHG��&DOFX�
ODWLRQ�RI�WKUHVKROG�FKDUDFWHULVWLFV�RI�SKRWRHPLVVLRQ�GHWHFWRUV
LQ�D�VSHFWUDO�UDQJH��Û���PLFURQV�DQG�WKH�DQDO\VLV�RI�RSSRU�
WXQLWLHV�RI�WKHLU�RSWLPL]DWLRQ�LV�FDUULHG�RXW�E\�FKDQJH�RI�WKHLU
SDUDPHWHUV�

5\QNRY�'� 2���&KHFKD�9� 9���6FKXND�$� $��2QH�(OHFWURQ
'HYLFHV������������������������������������������������������������������������� �

0RGHUQ�VFLHQWLILF�DQG�WHFKQLFDO�SURJUHVV�LV�GHWHUPLQLQJ
HYROXWLRQ�RI�HOHFWURQLFV��7KH�ODWHVW�DGYDQFHV�LQ�ILHOG�RI�HOHF�
WURQLFV�ELQGLQJ�ZLWK�SK\VLFV�RI�QDQRVWUXFWXUH��WKHLUV�WHFKQR�
ORJ\�RI�SURGXFLQJ�DQG�FUHDWLQJ�QHZ�GHYLFHV�KDYLQJ�QHZ�IXQF�
WLRQDO�SRWHQWLDOLWLHV��2QH�RI�WKHVH�WHFKQRORJLHV�WKHUH�DUH�FUH�
DWLQJ�RQH�HOHFWURQ�GHYLFHV��7KLV�ZRUN�GHYRWH�WR�FUHDWLQJ�RQH�
HOHFWURQ�WUDQVLVWRUV�DQG�GHYLFHV�DUH�EDVHG�RI�WKLV�

.RQGUDWMHY�$� 6���0LWUHQLQ�9� %���6HQFKLN�.��-X���
9DVLOMHY�1� )���-XNKQHY�$� '��3XPS�IRU�0HFKDWURQLFDO�
3HUIX]LQJ�0HGLFDO�6\VWHPV �������������������������������������������� ��

7KH�TXHVWLRQV�RI�PHFKDWURQLFDO�V\VWHPV�GHVLJQ�RI�PHGLFDO
SXUSRVH� DQG� FRQVWUXFWLRQ� RI� PRGXOHV� HQWHULQJ� LQWR� WKHLU
VWUXFWXUH�RQ�WKH�EDVLV�RI�SULQFLSOH�RI��RSHQ�DUFKLWHFWXUH��DUH
FRQVLGHUHG��7KH�DSSOLFDWLRQ�RI�WKH�LQWHJUDWHG�WUDQVPLWWHUV�DQG
DFWXDWRUV�LQ�FRPELQDWLRQ�ZLWK�PLFURSURFHVVRU�WHFKQRORJ\�HQ�
VXUHV�WKH�VLPSOLFLW\�RI�PRGLILFDWLRQ�DQG�WKH�ZLGH�VSHFWUXP�RI
WKH�PHFKDWURQLFDO�V\VWHPV�XVH�

$OWVKXOOHU�*� 0���9DNV�9� /���*DLNRYLFK�.� 3��
0LFURZDYH�6RXQGLQJ�RI�WKH�,QQHU�7HPSHUDWXUH�DW�WKH�+HDWLQJ�
DQG�&RROLQJ�RI�/LYLQJ�7LVVXHV�������������������������������������������

)RU�WKH�VRXQGLQJ�RI�WKH�VXEVXUIDFH�WHPSHUDWXUH�SURILOH�G\�
QDPLFV�DW�WKH�KHDWLQJ�DQG�FRROLQJ�RI�WKH�KXPDQ�OLYLQJ�WLVVXHV
WKH�PHWKRG�RI�QHDU�ILHOG�UDGLRPHWU\�WKDW�XVHV�WKH�GHSHQGHQFH
RI�WKH�GHSWK�RI�WKH�UHFHLYHG�HPLVVLRQ�IRUPDWLRQ�LV�DSSOLHG�
7KH�SUREOHPV�RI�WKH�WHPSHUDWXUH�GLVWULEXWLRQ�UHWULHYDO�DW�WKH
PHDVXUHPHQWV�RI�WKH�ELRORJLFDO�WLVVXHV�LQ�ZDWHU�DQG�LQ�DLU�DUH
UHGXFHG�WR�WKH�VROXWLRQ�RI�WKH�LQWHJUDO�)UHGKROP�HTXDWLRQV�RI
WKH���VW�NLQG�

%XUGDNRY�6� )���.LULFKHQNR�9� 9���.RURW\QVN\�$� 9���
6PROMQLNRY�%� $���&KLVWMDNRY�9� 0��&ODVVLILFDWLRQ�RI�)RUHLJQ�
0LQL��DQG�0LFURURERWLF�6\VWHPV�RI�0LOLWDU\�$VVLJQPHQW�RQ�WKH�
%DVLV�RI�/DWWLFH�)XQFWLRQDO�$SSURDFK���������������������������������

7KH�QHFHVVLW\�RI�FRPSOH[�DSSURDFK� IRU�FODVVLILFDWLRQ�RI
PLQL��DQG�PLFURURERWLF�V\VWHPV�ZLWK�UHJDUG�IRU�IXQFWLRQDO�GL�
PHQVLRQDO� DQG� FRQVWUXFWLEOH�WHFKQRORJLFDO� LQGLFDWLRQV� LV
VKRZQ�

7KH�GHILQLWLRQV�RI�URERWLF�V\VWHPV��56��DUH�JLYHQ��7KH\
DUH�EDVHG�RQ�SUHYDOHQW� LQIOXHQFH�RI� WHFKQRORJLFDO�GHYHORS�
PHQW�OHYHO�RI�HOHPHQW�EDVH�RQ�WHFKQLFDO�ORRN�RI�WKH�V\VWHP�DV
D�ZKROH��,Q�WKLV�FDVH�WKH�WUHQGV�RI�WKH�GLPHQVLRQDO�FODVVLILFD�
WLRQ�56�RI�WKH�GLIIHUHQW�IRUPV�RI�EDVHG��WKH�DHULDO��ZDWHU��ODQG
DQG�FRVPLF��SHUPLW�WR�GHWDFKPHQWV�RI�V\VWHPV�LQ� OLPLWV�RI
FODVV�DJUHHG�XSRQ�WKH�PHGLXP�RI�IXQFWLRQLQJ�

k�SË°�SË�È}�ÒÒ�Î�SÓÈãÈ����������lº°}mÈ��v�Sºä©Ó°}Ò®�¹ËS���������ËãËÁºÓ�SË�È}�ÒÒ�Î�SÓÈãÈ�����������������(�PDLO��LW#QRYWH[�UX
y�SÓÈã�ÏÈSË�Ò°�SÒSºmÈÓ�m�nË�Ë¯Èã
Óº®�°ã�Î­Ë�¹º�ÓÈ�Ïº¯��ÏÈ�°º­ã��ËÓÒËä�ÏÈ}ºÓº�È�Ëã
°�mÈ�

m�°ÁË¯Ë�äÈ°°ºm©²�}ºää�ÓÒ}È�Ò®�Ò�º²¯ÈÓË�}�ã
��¯Óº�º�ÓÈ°ãË�Ò«�
vmÒ�Ë�Ëã
°�mº�º�SË�Ò°�SÈ�ÒÒ��j�¢����������º�����������

iÒÏÈ®ÓËS���s���º�ºSËãºmÈ���Ë²ÓÒ�Ë°}Ò®�SË�È}�ºS�j�v���ÈmãºmÈ��zºSSË}�ºS�p��zºäÒ°°È¯ºmÈ
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