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� 0DLQ KHDW H[FKDQJHU
��� &KDUDFWHULVWLFV
7KH PDLQ KHDW H[FKDQJHU �$ LQ ILJ� ��� KDV WKH IXQFWLRQ
RI WUDQVIHUULQJ KHDW RI WKH JDV SURGXFHG E\ FRPEXV�
WLRQ WR WKH ZDWHU FLUFXODWLQJ LQ LW�

$

ILJ� ��

7KH K\GUDXOLF FLUFXLW LV FRPSRVHG RI � HOOLSWLFDO SLSHV
FRQQHFWHG LQ SDUDOOHO �ILJ� ����

ILJ� ��

��� 5HPRYDO

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� (PSW\ WKH PDLQ FLUFXLW RI WKH ERLOHU
� 5HPRYH WKH IURQW SDQHO RI WKH ERG\

� 5HPRYH WKH ULJKW VLGH SDQHO RI WKH ERG\ DQG WKH
VHDOHG FKDPEHU FRYHU�

� 5HPRYH WKH FRYHU RI WKH FRPEXVWLRQ FKDPEHU
� 6HSDUDWH WKH KHDW H[FKDQJHU IURP WKH K\GUDXOLF

FLUFXLW� ORRVHQLQJ WKH LQOHW DQG RXWOHW SLSH ILWWLQJV
% �ILJ� ����

%

ILJ� ��

� ([WUDFW WKH KHDW H[FKDQJHU� IURP WKH IURQW
� $VVHPEOH WKH KHDW H[FKDQJHU FDUU\LQJ RXW WKH UH�

PRYDO RSHUDWLRQV LQ UHYHUVH VHTXHQFH�

��� &OHDQLQJ
,I WKHUH DUH GHSRVLWV RI VRRW RU GLUW EHWZHHQ WKH EODGHV
RI WKH KHDW H[FKDQJHU� FOHDQ ZLWK D EUXVK RU QRQ���PH�
WDOOLF EULVWOH EUXVK�
,Q DQ\FDVH� DYRLG DQ\DFWLRQV WKDW FDQGDPDJH WKHSUR�
WHFWLYH YDUQLVK ZLWK ZKLFK WKH H[FKDQJHU KDV EHHQ FRY�
HUHG�



��

� '�K�Z� KHDW H[FKDQJHU
��� )XQFWLRQ
7KH G�K�Z KHDW H[FKDQJHU �$ LQ ILJ� ��� DOORZV WKH LQ�
VWDQWDQHRXV WUDQVIHUUDO RI KHDW IURP WKH SULPDU\ K\�
GUDXOLF FLUFXLW WR WKH ZDWHU GHVWLQHG IRU G�K�Z XVH�

$

ILJ� ��

7KH ZDWHU VWUXFWXUH DQG IORZ SDWKV DUH VKRZQ LQ ILJ� ���
7KH SULPDU\ FLUFXLW UXQV DORQJ WKH KHDW H[FKDQJHU IURP
WKH WRS WRZDUGV WKH ERWWRP DQG LQVLGH WKH KHDW H[�
FKDQJHU WKHUH DUH WZR SDUDOOHO IORZV� %HWZHHQ WKHVH
WZR IORZV WKH G�K�Z FLUFXLW ZDWHU FLUFXODWHV DJDLQVW WKH
FXUUHQW�
7KH VKDSH RI WKH FRPSRQHQWV RI WKH KHDW H[FKDQJHU
FDXVHV WKH ZDWHU WR IORZ LQ D KHOLFDO PDQQHU�

��� 5HPRYDO
7KH G�K�Z KHDW H[FKDQJHU FDQ EH UHPRYHG IURP WKH
ERLOHU LQ WKUHH GLIIHUHQW PDQQHUV RQ WKH EDVLV RI WKH IUHH
DGMDFHQW VSDFH DYDLODEOH�
)URP WKH WRS� DW OHDVW �� FP�
IURP WKH ULJKW VLGH� DW OHDVW �� FP�
IURP WKH ERWWRP� DW OHDVW �� FP�

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� (PSW\ WKH SULPDU\ FLUFXLW DQG WKH G�K�Z FLUFXLW RI
WKH ERLOHU

� 5HPRYH WKH IURQW SDQHO RI WKH ERG\ DQG ORZHU WKH
LQVWUXPHQW SDQHO

� 5HPRYH WKH PRWRU RI WKH ����ZD\ YDOYH �VHH
����ZD\ YDOYH�

� &RPSOHWHO\ XQVFUHZ WKH WRS SLSH ILWWLQJ % RI WKH
����ZD\ YDOYH DQG UHPRYH WKH IRUNV & DQG '
�ILJ� ����

%

&

'

ILJ� ��

� 5HPRYH WKH IRUNV WKDW KROG WKH SLSHV ( DQG )
�ILJ� ��� WR WKH WRS SOXJ RI WKH G�K�Z KHDW H[�
FKDQJHU DQG GLVFRQQHFW WKH SLSHV �LW LV QRW
QHFHVVDU\ WR UHPRYH WKHP IRUP WKH ERLOHU��

(

)

ILJ� ��

� 5HPRYH WKH EUDFNHW WKDW KROGV WKH KHDW H[�
FKDQJHU WR WKH IUDPH �WRS SOXJ VLGH� E\ XQVFUHZ�
LQJ WKH VFUHZ WKDW IDVWHQV LW WR WKH IUDPH

� ORRVHQ WKH ORZHU SLSH ILWWLQJ * �ILJ� ����



'�K�Z� KHDW H[FKDQJHU

��

*

ILJ� ��

� 5HPRYH WKH G�K�Z KHDW H[FKDQJHU WRJHWKHU ZLWK
WKH WZR ORZHU SLSHV� H[WUDFWLQJ LW�

L IURP WKH WRS ���� PP FOHDUDQFH PLQLPXP�
L IURP WKH VLGH ZLQGRZ EHJLQQLQJ IURP WKH ORZHU

H[WUHPLW\ ���� PP FOHDUDQFH PLQLPXP�
L IURP WKH ERWWRP ���� PP FOHDUDQFH PLQLPXP�
� 5HDVVHPEOH WKH G�K�Z KHDW H[FKDQJHU FDUU\LQJ

RXW WKH UHPRYDO RSHUDWLRQV LQ WKH UHYHUVH RUGHU�

��� 0RXQWLQJ WKH H[FKDQJHU

:DUQLQJ� WR OXEULFDWH WKH 2��ULQJ JDVNHWV
H[FOXVLYHO\ XVH D VLOLFRQH EDVH JUHDVH

FRPSDWLEOH WR EH LQ FRQWDFW ZLWK IRRGV DQG
DSSURYHG E\ WKH ORFDO ZDWHU $XWKRULWLHV�

� ,QVHUW WKH G�K�Z KHDW H[FKDQJHU WRJHWKHU ZLWK WKH
WZR ORZHU SLSHV�

� )LW WKH SLSH FRQQHFWLRQ * �ILJ� ����

� ,QVWDOO WKH EUDFNHW WKDW KROGV WKH KHDW H[FKDQJHU
WR WKH IUDPH �WRS SOXJ VLGH��

� )LW WKH SLSHV( DQG ) �ILJ� �� � WR WKH WRSSOXJ RI WKH
G�K�Z KHDW H[FKDQJHU� WR WKH G�K�Z IORZ VZLWFK
�ILJ� ��� DQG WR WKH RXWOHW FRQQHFWLRQ RI WKH ERLOHU�

� IL[ WKHP ZLWK WKH IRUNV�

� 6FUHZ XS WKH WRS SLSH ILWWLQJ + �ILJ� ��� RI WKH
����ZD\ YDOYH�

+

(

ILJ� ��



'�K�Z� KHDW H[FKDQJHU

��

��� +\GUDXOLF FLUFXLW UXQ

0DLQ FLUFXLW '�K�Z� FLUFXLW

IURP WKH
����ZD\ YDYH

WR WKH SXPS
IURP WKH G�K�Z�
IORZ VZLWFK

'�K�Z�
RXWOHW

ILJ� ��



��

� 3XPS

��� )XQFWLRQ

7KH SXPS �$ LQ ILJ� ��� KDV WKH IXQFWLRQ RI PDNLQJ WKH
ZDWHU LQ WKHPDLQ FLUFXLW FLUFXODWH WKURXJK WKHPDLQ KHDW
H[FKDQJHU DQG WKHUHIRUH WKURXJK WKH F�K V\VWHP �GXU�
LQJ WKH F�K IXQFWLRQ� RU WKURXJK WKH VHFRQGDU\ KHDW H[�
FKDQJHU �GXULQJ WKH G�K�Z� IXQFWLRQ��

$

ILJ� ��

7ZR GLIIHUHQW W\SHV RI SXPSV FDQ EH XVHG �ILJ� ��D ���
ILJ� ��E��

ILJ� ��D

ILJ� ��E

��� &KHFNV

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

T &KHFN WKDW WKH SXPS LV QRW VHL]HG DQG WKDW WKH
PRYHPHQW RI WKH URWRU LV QRW VXEMHFW WR PHFKDQLFDO LP�
SHGLPHQWV�
:LWK WKH ERLOHU RII� UHPRYH WKH IURQW SDQHO DQG ORZHU WKH
LQVWUXPHQW SDQHO� 5HPRYH WKH DLU UHOHDVH SOXJ RI WKH
SXPS DQG WXUQ WKH URWRU ZLWK D VFUHZGULYHU�
T &KHFN WKH HOHFWULFDO FRPSOHWHQHVV�
5HPRYH WKH VHUYLFH SDQHO� GLVFRQQHFW WKH FRQQHFWRU WR
WKH HOHFWURQLF FRQWURO FLUFXLW �VHH HOHFWULFDO GLDJUDP�
DQG PHDVXUH WKH HOHFWULFDO UHVLVWDQFH EHWZHHQ WKH
SXPS VXSSO\ FRQGXFWRUV� �ILJ� ����
(OHFWULFDO UHVLVWDQFH RI WKH ZLQGLQJV� SXPS LQ ILJ� ��D
DW VSHHG � DQG SXPS LQ ILJ� ��E �IH[HG VSHHG�� DERXW
��� � �

E E
U

J
�
\

0E
EU
J�\

�

&RQQHFWRU

ILJ� ��

T &KHFN WKH DEVHQFH RI VWDUWLQJ GHIHFWV�
:LWK WKH ERLOHU RII UHPRYH WKH IURQW SDQHO� ORZHU WKH LQ�
VWUXPHQW SDQHO DQG UHPRYH WKH DLU UHOHDVH SOXJ RI WKH
SXPS� 6WDUW WKH ERLOHU DQG ZLWK D VFUHZGULYHU� KDYH WKH
URWRU WXUQ LQ WKH GLUHFWLRQ RI WKH DUURZ� ,I WKHUH LV D GHIHFW
LQ VWDUWLQJ� WKH URWRUZLOO EHJLQ WR WXUQQRUPDOO\ RQO\VWDUW�
LQJ LW PDQXDOO\�
T &KHFN WKDW WKH LPSHOOHU LV LQWHJUDO ZLWK WKH URWRU�
5HPRYH WKH SXPS DQG FKHFN WKDW WKH LPSHOOHU LV ILUPO\
MRLQWHG ZLWK WKH URWRU�



3XPS

��

��� 5HPRYDO
:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� (PSW\ WKH PDLQ FLUFXLW RI WKH ERLOHU�
� 5HPRYH WKH IURQW SDQHO RI WKH ERG\� WKH ULJKW VLGH

SDQHO DQG RYHUWXUQ WKH LQVWUXPHQW SDQHO�
� &RPSOHWHO\ ORRVHQ VFUHZ % �ILJ� ��� DQG UHPRYH

WKH SURWHFWLRQ OLG RI WKH HOHFWULFDO FRQQHFWLRQV�
� /RRVHQ WKH HOHFWULFDO WHUPLQDOV �OLQH���QHXWUDO���

JURXQG�� /RRVHQ WKH FDEOH SURWHFWLRQ ULQJ & DQG
H[WUDFW WKH HOHFWULFDO VXSSO\ FDEOH�

%

&

ILJ� ��

� &RPSOHWHO\ ORRVHQ WKH VFUHZV WKDW IL[ WKH SXPS
KHDG WR WKH ERG\�

� %HIRUH UHDVVHPEO\ FDUHIXOO\ FOHDQ WKH VXSSRUW
VHDW RI WKH JDVNHW�

� 5HDVVHPEOH WKH SXPS FDUU\LQJ RXW WKH UHPRYDO
RSHUDWLRQV LQ WKH UHYHUVH RUGHU�



��

� ����ZD\ YDOYH

��� )XQFWLRQ

7KH ����ZD\ YDOYH �$ LQ ILJ� ��� KDV WKH IXQFWLRQ RI PRG�
LI\LQJ WKH K\GUDXOLF FLUFXLW RI WKH ERLOHU E\ PHDQV RI DQ
HOHFWULFDO FRPPDQG JLYHQ E\ WKH HOHFWURQLF FRQWURO FLU�
FXLW LQ RUGHU WR VHQG WKH ZDWHU WKDW H[LWV WKH PDLQ KHDW
H[FKDQJHU WRZDUGV WKH F�K V\VWHP RU WRZDUGV WKH
G�K�Z� KHDW H[FKDQJHU�

$

ILJ� ��

2Q RQH VLGH RI WKH PRWRU ERG\ DQ LQGLFDWRU LV YLVLEOH
ZLWK ZKLFK LW LV SRVVLEOH WR NQRZ WKH SRVLWLRQ RI WKH GLY�
HUWHU�

ILJ� �� DQG ILJ� �� LQGLFDWH WKH UHODWLRQVKLS EHWZHHQ WKH
HOHFWULF FRPPDQG FRPLQJ IURP WKH HOHFWURQLF FRQWURO
FLUFXLW� WKH SRVLWLRQ RI WKH LQGLFDWRU % DQG WKH FRQVH�
TXHQW K\GUDXOLF IXQFWLRQ�

0 EURZQ

EOXH

EODFN

IURP WKH
PDLQ KHDW
H[FKDQJHU

WR WKH F�K V\VWHP

� 9

��� 9

$

%

$
%

%

ILJ� ��

0 EURZQ

EOXH

EODFN

IURP WKH
PDLQ KHDW
H[FKDQJHU

WR WKH G�K�Z� KHDW H[FKDQJHU

��� 9

� 9

$

%

$
%

%

ILJ� ��

%\ UHPRYLQJ WKH HOHFWULFDO VXSSO\ WR WKH ERLOHU WKH
����ZD\ YDOYH UHPDLQV LQ WKH ZRUN FRQGLWLRQ LQ ZKLFK LW
ILQGV LWVHOI�

��� &KHFNV
T &KHFN WKH HOHFWULFDO FRPSOHWHQHVV�

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

ILJ� �� GHPRQVWUDWHV WKH UHODWLRQVKLS EHWZHHQ WKH SRVL�
WLRQ RI WKH LQGLFDWRU YLVLEOH RQ WKH PRWRU ERG\ RI WKH
YDOYH DQG WKH HOHFWULFDO UHVLVWDQFH RI WKH PRWRU�
,I WKH YDOYH LV FRPSOHWH WKH UHVLVWDQFH PHDVXUHG ZLOO EH
DSSUR[� � N��

� �

LQ F�K LQ G�K�Z�

ILJ� ��

T &KHFN WKH GLYHUWHU PHFKDQLVP
5HPRYH WKH IURQW SDQHO� ORZHU WKH LQVWUXPHQW SDQHO DQG
UHPRYH WKH PRWRU JURXS�



����ZD\ YDOYH

��

3XVK WKH VWHP RI WKH GLYHUWHU PHFKDQLVP & �ILJ� ���
FKHFNLQJ WKDW WKHUH DUH QR PHFKDQLFDO LPSHGLPHQWV�

&

ILJ� ��

��� 5HPRYDO

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

5HPRYDO RI WKH PRWRU JURXS
� 5HPRYH WKH IURQW SDQHO� ORZHU WKH LQVWUXPHQW

SDQHO�
� 3UHVV WKH SXVK���EXWWRQ ' SODFHG LQ WKH UHDU VLGH

RI WKH PRWRU �ILJ� ��� DQG URWDWH WKH PRWRU JURXS
DQWL���FORFNZLVH� UHOHDVLQJ LW IURP WKH K\GUDXOLF
JURXS�

'

ILJ� ��

� 5HOHDVH WKH HOHFWULFDO FRQQHFWRU IURP WKH PRWRU
JURXS�

5HPRYDO RI WKH K\GUDXOLF JURXS

� (PSW\ WKH SULPDU\ K\GUDXOLF FLUFXLW

� 5HPRYH WKHPRWRU JURXS �VHH RSHUDWLRQV �� � DQG
���

� /RRVHQ WKH SLSH ILWWLQJ ( �ILJ� ����

� FRPSOHWHO\ ORRVHQ WKH SLSH ILWWLQJV ) �ILJ� ��� DQG
UHPRYH WKH K\GUDXOLF JURXS WRJHWKHU ZLWK WKH
SLSH FRQQHFWHG WR WKH UHDU SLSH ILWWLQJ

� /RRVHQ WKH UHDU SLSH ILWWLQJ DQG UHPRYH WKH SLSH

� 5HDVVHPEOH WKH ����ZD\ YDOYH FDUU\LQJ RXW WKH UH�
PRYDO RSHUDWLRQV LQ UHYHUVH RUGHU
:DUQLQJ� WKH YDOYH ERG\ VKRXOG ILWWHG ZLWK WKH
PDUNLQJ k$l SRLQWLQJ GRZQZDUGV �ILJ� ����

(

)

ILJ� ��



��

� (OHFWURQLF FRQWURO FLUFXLW

��� )XQFWLRQ

G�K�Z� WHPSHUDWXUH SUREH
PDLQ FLUFXLW WHPSHUDWXUH SUREH
G�K�Z� IORZ VZLWFK
F�K IORZ VZLWFK

IXQFWLRQ VZLWFK
G�K�Z� WHPSHUDWXUH UHJ�
F�K WHPSHUDWXUH UHJ�
IXQFWLRQ VHOHFWRUV
3XPS HOHFWULF OLQN
PD[� F�K SRZHU UHJ�
LJQLWLRQ JDV SUHVVXUH UHJ�
URRP WKHUPRVWDW

,QOHW ,QIRUPDWLRQ

)ODPH LJQLWLRQ���FRQWURO GHYLFH
*DV PRGXODWRU
3XPS
����ZD\ YDOYH

2XWOHW FRPPDQG

ILJ� ��

7KH IXQGDPHQWDO IXQFWLRQ RI WKH FRQWURO FLUFXLW LV WKDW RI
FRQWUROOLQJ WKH ERLOHU LQ UHODWLRQ WR WKH H[WHUQDO QHHGV
�KHDWLQJ WKH URRP� KHDWLQJ WKHZDWHU IRU G�K�Z� XVH� RS�
HUDWLQJ LQ RUGHU WR NHHS WKH WHPSHUDWXUH RI WKHK\GUDXOLF
FLUFXLWV FRQVWDQW�

7KLV LV REYLRXVO\ SRVVLEOH ZLWKLQ WKH XVHIXO SRZHU DQG
PD[LPXP ZRUNLQJ WHPSHUDWXUH OLPLWV IRUHVHHQ�

*HQHUDOO\� WKH FRQWURO FLUFXLW UHFHLYHV LQOHW LQIRUPDWLRQ
FRPLQJ IURP WKH ERLOHU �WKH VHQVRUV� RU IURP WKH RXWVLGH
�NQREV� URRP WKHUPRVWDW� HWF��� SURFHVVHV WKHP DQG
FRQVHTXHQWO\ DFWV ZLWK RXWOHW FRPPDQGV RQ RWKHU
FRPSRQHQWV RI WKH ERLOHU �ILJ� ����

��� 6HOHFWLRQ DQG DGMXVWPHQW GHYLFHV

2Q WKH FRQWURO FLUFXLW VHYHUDO VHOHFWLRQ� DGMXVWPHQW DQG
SURWHFWLRQ GHYLFHV DUH ORFDWHG� �ILJ� ����

6HYHUDO RI WKHVH GHYLFHV DUH GLUHFWO\ DFFHVVLEOH E\ WKH
XVHU �IXQFWLRQ VZLWFK� WHPSHUDWXUH DGMXVWPHQW SRWHQ�
WLRPHWHUV HWF�� RWKHUV DUH DFFHVVLEOH E\ UHPRYLQJ WKH
VHUYLFH SDQHO�

�

� ���� �

��

��

��

ILJ� ��

� IXQFWLRQ VZLWFK
� IXVH )� ���� $�
� 3XPS IXQFWLRQ HOHFWULF OLQN
� .� UHOD\ �����ZD\ YDOYH FRQWURO�
� .� UHOD\ � LJQLWLRQ GHYLFH FRQWURO�
� G�K�Z� WHPSHUDWXUH UHJ� SRWHQWLRPHWHU
� IXQFWLRQ VHOHFWRUV
� LJQLWLRQ JDV SUHVVXUH DGMXVWPHQW �$&&��
� JUHHQ /(' �ERLOHU RQ�
�� F�K PD[LPXP SRZHU DGMXVWPHQW �5,6&��
�� F�K WHPSHUDWXUH UHJ� SRWHQWLRPHWHU

��� &KHFNLQJ WKH WHPSHUDWXUH

7KH FRQWURO FLUFXLW PDNHV LW SRVVLEOH WR VHSDUDWHO\ DG�
MXVW WKH F�K ZDWHU IORZ DQG G�K�Z� RXWOHW WHPSHUDWXUH�

7KH WHPSHUDWXUH RI WKH ZDWHU LV FRQYHUWHG LQWR DQ HOHF�
WULF VLJQDO E\ PHDQV RI WHPSHUDWXUH SUREHV�
7KH XVHU� VHWWLQJ WKH GHVLUHG WHPSHUDWXUH ZLWK WKH
NQREV RI WKH LQVWUXPHQW SDQHO RSHUDWHV WKH YDULDEOH HO�
HPHQWV �� DQG �� LQ ILJ� ��� RI WKH FRQWURO FLUFXLW�

,I WKH SRZHU UHTXHVWHG LV ORZHU E\ DERXW ��� RI WKH
PD[LPXP XVHIXO RXWSXW� WKH FRQWURO LV GRQH E\ LJQLWLQJ
DW WKH PLQLPXP SRZHU DQG WXUQLQJ RII WKH EXUQHU �RQ���
RII IXQFWLRQ�� ,I WKH SRZHU LV KLJKHU WKH ERLOHU ZLOO PRGX�
ODWH GRZQ WR ��� RI LWV PD[LPXP SRZHU RXWSXW�

:KHQ WKH ERLOHU IXQFWLRQV LQ F�K �ILJ� ���� WKH VLJQDO
FRPLQJ IURP WKH SULPDU\ WHPSHUDWXUH SUREH LV FRP�
SDUHG WR WKH VLJQDO JLYHQ E\ WKH LQVWUXPHQW SDQHO
WKURXJK WKH DGMXVWPHQW PDGH E\ WKH XVHU �NQRE ��
7KH UHVXOW RI VXFK D FRPSDULVRQ RSHUDWHV WKH PRGXOD�
WLRQ RI WKH JDV YDOYH� FRQVHTXHQWO\ FKDQJLQJ WKH LQVWDQ�
WDQHRXV XVHIXO RXWSXW RI WKH ERLOHU�
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+HDWLQJ WHPSHUDWXUH

0DLQ FLUFXLW WHPS� SUREH

ILJ� ��

:KHQ WKH ERLOHU IXQFWLRQV LQ G�K�Z� �ILJ� ���� WKH VLJQDO
FRPLQJ IURP WKH G�K�Z� WHPSHUDWXUH SUREH LVFRPSDUHG
ZLWK WKH VLJQDO JLYHQ E\ WKH LQVWUXPHQW SDQHO WKURXJK
WKH DGMXVWPHQW PDGH E\ WKH XVHU �NQRE ��

'�K�Z�

'�K�Z�
H[FKDQJHU
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KHDWLQJ WHPSHUDWXUH

0DLQ FLUFXLW WHPS� SUREH
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WHPSHUDWXUH
SUREH

VZLWFK

ILJ� ��

1RUPDOO\� WKH UHVXOW RI WKH FRPSDULVRQ EHWZHHQ WKHVH
WZR VLJQDOV GLUHFWO\ RSHUDWHV WKH DGMXVWPHQW HOHPHQWV
RI WKH JDV YDOYH� DGMXVWLQJ WKH XVHIXO RXWSXW JHQHUDWHG
LQ RUGHU WR VWDELOL]H WKH WHPSHUDWXUH RI WKH H[LWLQJ ZDWHU�
,I GXULQJ WKH IXQFWLRQLQJ LQ G�K�Z� PRGH� WKH WHPSHUD�
WXUH RI WKH SULPDU\ FLUFXLW JRHV RYHU ���&� WKH XVHIXO
RXWSXW LV DXWRPDWLFDOO\ UHGXFHG VR WKDW WKH SULPDU\ FLU�
FXLW FDQQRW UHDFK H[FHVVLYH WHPSHUDWXUHV�
7KH FRQWURO VHTXHQFHV LQ IXQFWLRQ DQG LQ IXQFWLRQ
DUH LOOXVWUDWHG LQ GHWDLO LQ VHFWLRQV ���� DQG �����

��� )XQFWLRQ VHOHFWRUV

7KH IXQFWLRQ VHOHFWRUV l�l �ILJ� �� DQG ILJ� ��� DUH
PLFURVZLWFKHVZLWKZKLFK LW LV SRVVLEOH WRVHOHFW WKH YDUL�
RXV PRGHV RI IXQFWLRQLQJ RI WKH ERLOHU�

,Q ILJ� �� WKH VHOHFWRUV DUH LOOXVWUDWHG LQ WKH FRQILJXU�
DWLRQ LQ ZKLFK WKH S�F�E� LV VHW LQ WKH IDFWRU\ �QDWXUDO JDV
ERLOHU��
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ILJ� ��

L 6HOHFWRU �

,W VHOHFWV WKH IXQFWLRQLQJ RI WKH ERLOHU RQ WKH EDVLV RI WKH
W\SH RI JDV XVHG�
,W DOORZV WKH VHOHFWLRQ RI WKH PD[LPXP VXSSO\ FXUUHQW
JLYHQ WR WKH PRGXODWRU GHYLFH�
7R VHW FRUUHFWO\ WKH VHOHFWRU IROORZ WKH WDEOH RI ILJ� ��
UHIHUULQJ WR WKH FRORXU RI WKH JDV PRGXODWLQJ FDUWULGJH
�VHH VHFWLRQ k*DV YDOYHl RI WKLV PDQXDO��

*DV PRGXODWLQJ FDUWULGJH
FRORXU
�RQ WKH JDV YDOYH�

*DV VXSSO\ 3RVLWLRQ RI VHOHF�
WRU Q� �

:KLWH 1DWXUDO JDV 2II

%ODFN /�3�*� 2II

5HG 1DWXUDO JDV 2Q

/�3�*� 2II

ILJ� ��

L 6HOHFWRU �

,W IRUFHV WKH IXQFWLRQLQJ RI WKH ERLOHU LQ RUGHU WR SHUPLW
WKH RSWLPDO JDV SUHVVXUH DW WKH EXUQHU WR EH DGMXVWHG
GXULQJ WKH LJQLWLRQ SKDVH�
7KH DGMXVWPHQW �VHH VHFWLRQ ���� LV GRQH E\ PHDQV RI
WKH SRWHQWLRPHWHU l�l �ILJ� ����
$IWHU WKH DGMXVWPHQW RSHUDWLRQV EULQJ WKH VHOHFWRU EDFN
WR WKH QRUPDO SRVLWLRQ �21��

JDV SUHVVXUH FDOLEUDWLRQ 1RUPDO

21 ���

2)) ���

ILJ� ��

L 6HOHFWRU �

,W PDNHV LW SRVVLEOH WR VHOHFW WKH PLQLPXP WLPH WKDW
PXVW SDVV EHWZHHQ WZR LJQLWLRQV RI WKH EXUQHU LQ F�K
IXQFWLRQ�
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2)) ���

ILJ� ��

��� 3XPS IXQFWLRQ PRGH

'XULQJ F�K IXQFWLRQLQJ WKH SXPS FDQ EH FRQWUROOHG LQ
WKUHH GLIIHUHQW PDQQHUV� 7KH SXPS IXQFWLRQLQJ PRGH
FDQ EH VHOHFWHG XVLQJ WKH SRVLWLRQ RI WKH HOHFWULF OLQN $
LQ ILJ� ���

&LUFXODWRU DOZD\V LQ RSHUDWLRQ

&LUFXODWRU FRQWUROOHG E\ WKH URRP WKHUPRVWDW

&LUFXODWRU FRQWUROOHG E\ WKH WHPSHUDWXUH
RI WKH SULPDU\ FLUFXLW

$

3�
3� 3�

3�
3� 3�

3�
3� 3�

ILJ� ��

��� ,JQLWLRQ JDV SUHVVXUH UHJXODWRU

%\ XVLQJ WKH GHYLFH l�l �ILJ� ��� PDUNHG k$&&�l RQ WKH
FLUFXLW ERDUG� LW LV SRVVLEOH WR DGMXVW WKH JDV SUHVVXUH DW
WKH LQMHFWRUV LQ WKH LJQLWLRQ SKDVH�

7KLV SUHVVXUH LVPDLQWDLQHG DW WKH LQMHFWRUV XQWLO LJQLWLRQ
RFFXUV �LRQL]DWLRQ VLJQDO��

7R FDUU\ RXW WKH DGMXVWPHQW PRYH WKH IXQFWLRQ VHOHFWRU
Q � GRZQZDUGV �DGMXVWPHQW� DQG XVH WKH DGMXVWPHQW
GHYLFH l�l �$&&��

%ULQJ WKH JDV SUHVVXUH DW WKH LQMHFWRUV WR WKH YDOXH LQGL�
FDWHG LQ WKH WDEOHV lGDWD IRU JDV DGMXVWPHQWl VWDWHG IRU
HDFK PRGHO LQ WKH VHFRQG SDUW RI WKH PDQXDO �LJQLWLRQ
SUHVVXUH��

%\ URWDWLQJ WKH GHYLFH FORFNZLVH WKH SUHVVXUH LQ�
FUHDVHV�

&KHFN WKH UHJXODU LJQLWLRQ RI WKH EXUQHU E\ WXUQLQJ WKH
ERLOHU RQ DQG RII UHSHDWHGO\�

$IWHU WKH DGMXVWPHQW RSHUDWLRQ PRYH WKH VHOHFWRU XS�
ZDUGV �QRUPDO��

JDV SUHVVXUH FDOLEUDWLRQ 1RUPDO

21 ���

2)) ���

ILJ� ��

��� 0D[� F�K SRZHU UHJXODWRU

%\ XVLQJ GHYLFH �� �ILJ� ��� PDUNHG k5,6&�l RQ WKH FLU�
FXLW ERDUG� \RX FDQ OLPLW WKHPD[LPXPXVHIXO RXWSXW GH�
OLYHUHG LQ WKH F�K IXQFWLRQ� 7KLV DGMXVWPHQW GRHV QRW LQ�
IOXHQFH WKH PD[LPXP XVHIXO RXWSXW GHOLYHUHG LQ G�K�Z�
IXQFWLRQ�
%\ URWDWLQJ WKH GHYLFH FORFNZLVH WKH SUHVVXUH LQ�
FUHDVHV�

��� &KHFNV

T &KHFN WKDW WKH IXVH LV FRPSOHWH

,I WKH FRQWURO FLUFXLW GRHV QRW VXSSO\ DQ\ GHYLFH �SXPS�
����ZD\ YDOYH� HWF�� FKHFN WKDW WKH IXVH )� LV FRPSOHWH
�ILJ� ����

7KH )� IXVH FDQ EH UHDFKHG E\ UHPRYLQJ WKH VHUYLFH
SDQHO�

,I WKH IXVH LV EORZQ UHSODFH LW ZLWK RQH WKDW KDV WKH VDPH
FKDUDFWHULVWLFV DIWHU KDYLQJ LGHQWLILHG WKH FDXVH RI WKH
LQWHUUXSWLRQ�

)�
���� $�

ILJ� ��

T &KHFN IRU WKH SUHVHQFH DQG WKH FRUUHFW SRVLWLRQ�
LQJ RI WKH HOHFWULF OLQN ZKLFK VHOHFWV WKH IXQFWLRQLQJ
PRGH RI WKH SXPS� UHIHUULQJ WR VHFWLRQ ����

��� 5HPRYLQJ RSHUDWLRQV

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� 5HPRYH WKH IURQW SDQHO RI WKH ERLOHU DQG ORZHU WKH
LQVWUXPHQW SDQHO�

� 5HPRYH WKH UHDU OLG RI WKH LQVWUXPHQW SDQHO FOHDU�
LQJ LW IURP WKH KRRNV SODFHG LQ FRUUHVSRQGHQFH
ZLWK WKH DUURZV SULQWHG RQ WKH OLG �VHH FKDSWHU
JHQHUDO DFFHVV DQG HPSW\LQJ K\GUDXOLF FLUFXLWV�
VHH VHFWLRQ �����

� GHOLFDWHO\ IOH[ WKH KRRNV % LQ WKH GLUHFWLRQV LQGL�
FDWHG �ILJ� ��� LQ RUGHU WR UHOHDVH WKH FLUFXLW IURP
WKH SDQHO
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%

%

ILJ� ��

� GHOLFDWHO\ IOH[ WKH KRRNV LQGLFDWHG DQG GLVFRQ�
QHFW WKH FRQQHFWRUV & �ILJ� ����

&

ILJ� ��

� UHPRYH WKH FRQWURO FRQWURO FLUFXLW�

���� 0RXQWLQJ RSHUDWLRQ

5HDVVHPEOH WKH FRQWURO FLUFXLW FDUU\LQJ RXW WKH UHPRY�
LQJ RSHUDWLRQV LQ UHYHUVH RUGHU�

%HIRUH ILWWLQJ WKH FRQWURO FLUFXLW� HQVXUH WKDW WKH FRQ�
WURO VSLQGOHV �ILJ� ��� DUH FRUUHFWO\ LQVHUWHG LQ WKHF�K
� � DQG G�K�Z� � � WHPSHUDWXUH DGMXVWPHQW
NQREV�

ILJ� ��

ZDUQLQJ� DIWHU KDYLQJ LQVWDOOHG WKH FRQWURO FLUFXLW FKHFN
WKDW WKH F�K � � DQG G�K�Z� � � WHPSHUDWXUH DGMXVW�
PHQW NQREV FDQ PRYH IUHHO\ �KDOI D WXUQ��
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��

���� +HDW FRQWURO LQ l l IXQFWLRQ

GUDZLQJ RI
G�K�Z�"

IXQFWLRQ VZLWFK LQ

12VHH IXQFWLRQLQJ ZLWK IXQFWLRQ VZLWFK
LQ

�VHFWLRQ �����

<(6

PDLQ FLUFXLW
WHPS� KLJKHU WKDQ
WKDW VHOHFWHG"

12

KHDW UHTXHVW E\ URRP
WKHUPRVWDW"

����ZD\ YDOYH LQ F�K
SXPS VWLOO

LJQLWLRQ GHYLFH RII

PDLQ FLUFXLW WHPS�
KLJKHU WKDQ WKDW VHOHFWHG" 12

����ZD\ YDOYH LQ F�K
VWDUWV SXPS

VXSSOLHV LJQLWLRQ GHYLFH

����ZD\ YDOYH LQ F�K
SXPS VWLOO

LJQLWLRQ GHYLFH RII

<(6

<(6

KHDW UHTXHVW E\ URRP
WKHUPRVWDW"

12

����ZD\ YDOYH LQ F�K
VWDUWV WKH SXPS

VXSSOLHV WKH LJQLWLRQ GHYLFH

12

����ZD\ YDOYH LQ F�K
SXPS VWLOO

LJQLWLRQ GHYLFH RII

SXPS HOHFWULF OLQN
RQ 3� SRVLWLRQ"<(6

<(6

12

SXPS HOHFWULF OLQN
RQ 3� SRVLWLRQ"

12
�HOHFWULF OLQN RQ 3� SRVL�

WLRQ�

<(6

<(6

VWDUWV WKH SXPS

JUHHQ /(' RQ

ILJ� ��
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��

���� +HDW FRQWURO LQ l l IXQFWLRQ

IXQFWLRQ VZLWFK LQ

G�K�Z�
RXWOHW WHPS� ORZHU WKDQ

WKDW UHTXHVWHG"

����ZD\ YDOYH LQ lG�K�Z�l PRGH
VWDUWV WKH SXPS

VXSSOLHV WKH LJQLWLRQ GHYLFH

����ZD\ YDOYH LQ lG�K�Z�l
VWDUWV WKH SXPS
LJQLWLRQ GHYLFH RII

GUDZLQJ RI
G�K�Z�"

<(612
����ZD\ YDOYH LQ lG�K�Z�l PRGH

SXPS RII
LJQLWLRQ GHYLFH RII

<(6 12



��

�� )XOO VHTXHQFH LJQLWLRQ GHYLFH

���� )XQFWLRQ

7KH IODPH LJQLWLRQ DQG FRQWURO GHYLFH XVHG RQ HOHF�
WURQLF LJQLWLRQ ERLOHUV ZLWK IRUFHG IOXH JDV H[SXOVLRQ
FDUULHV RXW WKH IROORZLQJ IXQGDPHQWDO IXQFWLRQV�

L GRHV D VHTXHQFH RI RSHUDWLRQV �LJQLWLRQ F\FOH�
ZKLFK OHDG WR WKH LJQLWLRQ RI WKH JDV DW WKH EXUQHU

L FKHFNV WKH SUHVHQFH RI WKH IODPH GXULQJ WKH HQ�
WLUH SHULRG LQ ZKLFK LW LV DFWLYDWHG

L VXSSOLHV WKH IDQ DQG FKHFNV LWV IXQFWLRQLQJ E\
PHDQV RI WKH VLJQDO FRPLQJ IURP WKH IOXH JDV
SUHVVXUH VZLWFK�

7KH LJQLWLRQ GHYLFH LV VXSSOLHG E\ WKH HOHFWURQLF FRQWURO
FLUFXLW ZKHQ WKH LJQLWLRQ RI WKH EXUQHU LV UHTXHVWHG�

7KH LJQLWLRQ GHYLFH KDV D VDIHW\ IXQFWLRQ DQG DQ\ LQ�
FRUUHFW LQWHUYHQWLRQV RU WDPSHULQJ FDQ UHVXOW LQ FRQGL�
WLRQV RI GDQJHURXV IXQFWLRQLQJ RI WKH ERLOHU�

7KH LJQLWLRQ GHYLFH FDQ ORFN WKH IXQFWLRQLQJ RI WKH ERLOHU
�ORFN VWDWH� DQG VWRS LWV IXQFWLRQLQJ XS WR WKH UHVHWWLQJ
LQWHUYHQWLRQ� 7KH ORFN LV VLJQDOOHG E\ WKH LJQLWLRQ RI WKH
ORFN ODPS DQG WKH GHYLFH FDQ EH UHVHW RQO\ E\ XVLQJ WKH
UHVHW SXVK���EXWWRQ SODFHG RQ WKH LQVWUXPHQW SDQHO�

6RPH FRPSRQHQWV ZKLFK DUH FRQQHFWHG WR WKH GHYLFH
WKDW� FDQ DFWLYDWH WKH ORFN VWDWH� 7KH FDXVHV RI D ORFN
VWDWH FRXOG EH�

L WKH LQWHUYHQWLRQ RI WKH VDIHW\ WKHUPRVWDW �SULPDU\
K\GUDXOLF FLUFXLW�

L D IDXOW RQ JDV IHHGLQJ

L IDXOW\ LJQLWLRQ �LJQLWLRQ HOHFWURGH� LWV ZLULQJ DQG
FRQQHFWLRQ�

L IDXOW\ IODPHGHWHFWLRQ �GHWHFWLRQ HOHFWURGH� LWVZLU�
LQJ DQG FRQQHFWLRQ�

L JDV LQMHFWRUV SOXJJHG

L IDXOW\ JDV YDOYH �RQ���RII RSHUDWRUV� RU QRW HOHFWUL�
FDOO\ VXSSOLHG

L IDXOW\ LJQLWLRQ GHYLFH

RWKHU FRPSRQHQWV OLNH WKH IOXH JDV SUHVVXUH VZLWFK FDQ
WHPSRUDULO\ VWRS WKH LJQLWLRQ RI WKH EXUQHU EXW DOORZ LWV
LJQLWLRQ ZKHQ WKH FDXVH RI WKH LQWHUYHQWLRQ KDV
VWRSSHG�

ILJ� �� VKRZV WKH VHTXHQFH RI WKH RSHUDWLRQV WKDW DUH
FDUULHG RXW DW WKH VWDUWLQJ RI HYHU\ LJQLWLRQ F\FOH DQG
GXULQJ QRUPDO IXQFWLRQLQJ�

���� &KHFNV

T /RFN VHTXHQFH

6WDUW WKH ERLOHU XQWLO WKH EXUQHU LV LJQLWHG�

:LWK WKH EXUQHU RQ LQWHUUXSW WKH JDV VXSSO\� 7KH GHYLFH
PXVW FDUU\ RXW D FRPSOHWH LJQLWLRQ F\FOH DQG WKHUHIRUH
VWRS�
%\ WXUQLQJ WKH ERLOHU RQ DQG RII E\PHDQVRI WKH IXQFWLRQ
VZLWFK WKH GHYLFH PXVW QRW XQORFN DQG WKH EXUQHU PXVW
QRW WXUQ RQ�
T &RQWURO RI IOXH JDV H[SXOVLRQ
:LWK WKH ERLOHU IXQFWLRQLQJ ZLWK WKH EXUQHU RQ� RSHQ WKH
SUHVVXUH WHVW SRLQW RI WKH 9HQWXUL GHYLFH� $W WKHPRPHQW
RI RSHQLQJ WKH EXUQHU PXVW WXUQ RII�

���� 5HPRYDO

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� 5HPRYH WKH UHDU OLG RI WKH LQVWUXPHQW SDQHO� FOHDU�
LQJ LW IURP WKH KRRNV SODFHG LQ FRUUHVSRQGHQFH
ZLWK WKH DUURZV SULQWHG RQ WKH OLG �VHH FKDSWHU DF�
FHVV WR DQG HPSW\LQJ K\GUDXOLF FLUFXLWV��

� 'HOLFDWHO\ IOH[ WKH KRRNV $ LQ WKH GLUHFWLRQV LQGL�
FDWHG� XQKRRN WKH FRQWURO FLUFXLW DQG RYHUWXUQ LW
ZLWKRXW GLVFRQQHFWLQJ LW IURP WKH ZLULQJ �ILJ� ����

$

$

FRQWURO FLUFXLW FDUG

LJQLWLRQ GHYLFH

ILJ� ��

� GHOLFDWHO\ IOH[ WKH KRRNV LQGLFDWHG DQG GLVFRQ�
QHFW WKH FRQQHFWRUV �ILJ� ����

ILJ� ��



)XOO VHTXHQFH LJQLWLRQ GHYLFH

��

� ,Q VLPLODU IDVKLRQ DV WKH SUHFHGLQJ IOH[ WKH KRRNV
% LQ WKH GLUHFWLRQV LQGLFDWHG� XQKRRN DQG UHPRYH
WKH LJQLWLRQ GHYLFH �ILJ� ����

FRQWURO FLUFXLW FDUG

LJQLWLRQ GHYLFH
%

ILJ� ��

5HDVVHPEOH WKH IXOO VHTXHQFH LJQLWLRQ GHYLFH FDUU\LQJ
RXW WKH UHPRYLQJ RSHUDWLRQV LQ UHYHUVH RUGHU�



)XOO VHTXHQFH LJQLWLRQ GHYLFH

��

���� ,JQLWLRQ DQG FRQWURO VHTXHQFH

ORFN PHPRULVHG"

VXSSO\ IURP WKH HOHFWURQLF FRQWURO FLUFXLW

$LU SUHVVXUH VZLWFK DW

UHVW"

12

12

VWDUWV IDQ

<(6

IDQ SUHVVXUH VZLWFK DW

ZRUN"
12

EHJLQQLQJ RI ZDLW SHULRG

SUHVHQFH RI IODPH"12 <(6

<(6

IDQ SUHVVXUH VZLWFK DW

ZRUN"
12

<(6

VWDUWV LJQLWLRQ GLVFKDUJHV

RSHQV JDV YDOYH
EHJLQQLQJ RI LJQLWLRQ SHULRG

IODPH SUHVHQFH"

HQG RI LJQLWLRQ

SHULRG"
12

12 <(6

FORVHV JDV YDOYH

VWRSV IDQ
LQWHUUXSWV LJQLWLRQ GLVFKDUJHV

PHPRUL]HV ORFN
WXUQV RQ ORFN SLORW OLJKW

<(6

UHVHW SXVK���EXWWRQ

SUHVVHG"
12 <(6

FDQFHOV ORFN

LQWHUUXSWV LJQLWLRQ GLVFKDUJHV

JDV YDOYH RSHQ

IODPH SUHVHQFH"

IDQ SUHVVXUH VZLWFK DW

ZRUN"
12

<(6

<(6

FORVHV JDV YDOYH

12

<(6

ILJ� ��



��

�� *DV YDOYH

���� )XQFWLRQ

7KH JDV YDOYH FRQWUROV WKH JDV LQIORZ WR WKH ERLOHU
EXUQHU�

%\ PHDQV RI DQ HOHFWULF FRPPDQG JLYHQ WR WKH RQ���RII
RSHUDWRUV WKH SDVVDJH RI WKH JDV WKURXJK WKH YDOYH FDQ
EH RSHQHG RU FORVHG�

%\PHDQVRI DQ HOHFWULF FRPPDQGJLYHQ WR WKHPRGXODW�
LQJ RSHUDWRU WKH SUHVVXUH FDQ EH YDULHG DQG WKHUHIRUH
WKH JDV IORZ UDWH WR WKH EXUQHU �PRGXODWLRQ�� 7KHPRGX�
ODWRU GHYLFH KDV PHFKDQLFDO RUJDQV ZKLFK SHUPLW WKH
DGMXVWPHQW RI WKHPLQLPXP DQGPD[LPXPSUHVVXUH H[�
LWLQJ WKH YDOYH�

���� 1RPHQFODWXUH RI WKH SDUWV

� /RZHU RQ���RII RSHUDWRU
� 8SSHU RQ���RII RSHUDWRU
� (OHFWULF FRQQHFWRU RI WKH RQ���RII RSHUDWRU
� 0RGXODWLQJ RSHUDWRU
� (OHFWULFDO FRQQHFWRUV RI WKH PRGXODWLQJ RSHUDWRU
� 9DOYH LQOHW JDV SUHVVXUH WHVW SRLQW
� 9DOYH RXWOHW JDV SUHVVXUH WHVW SRLQW
� *DV SUHVVXUH PD[LPXP DGMXVWHU
� *DV SUHVVXUH PLQLPXP DGMXVWHU

���� 6,7 ��� 9DOYH ��� DGMXVWPHQW

�

�

�

�

�

�

�

�

�

�

ILJ� ��

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� 2SHQ WKH JDV SLSH WDS l�l DW WKH LQOHW RI WKH YDOYH�
FRQQHFW D JDXJH DQG FKHFN WKH SUHVVXUH RI WKH
VXSSO\ QHWZRUN

� &ORVH WKH JDV SLSH WDS l�l�

� 2SHQ WKH JDV SLSH WDS l�l LQ WKH YDOYH RXWOHW DQG
FRQQHFW D JDXJH

� 5HPRYH WKH SURWHFWLRQ KRRG IURP WKH PD[�PLQ
DGMXVWPHQW

� 6WDUW WKH ERLOHU DW WKH PD[LPXP SRZHU
� 5RWDWH WKH PD[LPXP SUHVVXUH l�l DGMXVWHU XQWLO

\RX REWDLQ WKH H[SHFWHG SUHVVXUH �E\ URWDWLQJ
FORFNZLVH WKH SUHVVXUH LQFUHDVHV��

� WXUQ RII WKH ERLOHU DQG GLVFRQQHFW RQH RI WKH WZR
FRQQHFWRUV l�l RI WKH PRGXODWLQJ RSHUDWRU

� VWDUW WKH ERLOHU
� URWDWH WKH PLQLPXP SUHVVXUH l�l DGMXVWHU XQWLO

\RX REWDLQ WKH H[SHFWHG SUHVVXUH �E\ URWDWLQJ
FORFNZLVH WKH SUHVVXUH LQFUHDVHV�

�� 7XUQ RII WKH ERLOHU� FRQQHFW WKH PRGXODWLQJ RSHU�
DWRU DQG GLVFRQQHFW WKH JDXJH

$W WKH HQG RI WKH DGMXVWPHQW HQVXUH WR VHDO WKH JDV
WHVW SRLQW�

���� 6,7 ��� 9DOYH ��� PRGXODWLQJ RSHUDWRU

7KH FDUWULGJH RI WKH PRGXODWLQJ RSHUDWRU LV SUHVHW WR
IXQFWLRQZLWKLQ D SUHFLVH ILHOG RI SUHVVXUHV �UDQJH�� 7KH
SUHVVXUH ILHOG FDQ EH GHWHUPLQHG E\ WKH FRORXU RI WKH
DGMXVWPHQW FDUWULGJH VFUHZ DFFRUGLQJ WR WKH WDEOH LQ
ILJ� ���

&RORXU 3UHVVXUH UDQJH *DV

ZKLWH ������ PEDU QDWXUDO

UHG ������ PEDU QDWXUDO DQG
/�3�*�

EODFN ������ PEDU /�3�*�

ILJ� ��

5HIHU WR WKLV WDEOH GXULQJ DQ\ JDV FRQYHUVLRQ RSHU�
DWLRQV�
7R UHSODFH WKH FDUWULGJH� UHPRYH WKH SURWHFWLRQ KRRG RI
WKH PD[�PLQ DGMXVWPHQW DQG ZLWK D VSDQQHU URWDWH FDU�
WULGJH $ FRXQWHU���FORFNZLVH �ILJ� ����

$

ILJ� ��



*DV YDOYH

��

���� 6,7 ��� 9DOYH ��� FKHFN

T &KHFN WKH HOHFWULFDO LQWHJULW\

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

'LVFRQQHFW WKH RQ���RII RSHUDWRUV DQG WKH PRGXODWLQJ
RSHUDWRU DQG PHDVXUH WKH HOHFWULFDO UHVLVWDQFH EH�
WZHHQ WKH VXSSO\ FRQWDFWV�

(OHFWULFDO UHVLVWDQFH RI WKH RSHUDWRUV�
ORZHU RQ���RII RSHUDWRU� DERXW ��� �
XSSHU RQ���RII RSHUDWRU� DEXW ���� �
PRGXODWLQJ RSHUDWRU� DERXW ��� �

���� 6,7 ��� 9DOYH ��� UHPRYDO

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� 5HPRYH WKH IURQW SDQHO� ORZHU WKH LQVWUXPHQW
SDQHO�

� 5HPRYH WKH ORZHU SURWHFWLRQ

� 'LVFRQQHFW WKH RQ���RII RSHUDWRUV DQG WKH PRGX�
ODWLQJ RSHUDWRU

� 5HPRYH WKH HLJKW F\OLQGULFDO KHDG VFUHZV WKDW
IDVWHQ WKH YDOYH WR WKH IODQJHV DQG UHPRYH WKH
YDOYH

� 5HDVVHPEOH WKH YDOYH FDUU\LQJ RXW WKH UHPRYDO
RSHUDWLRQV LQ UHYHUVH RUGHU�

%HIRUH FORVLQJ WKH LQVWUXPHQW SDQHO URWDWH WKH FRLO
RI WKH PRGXODWLQJ RSHUDWRU GLUHFWLQJ WKH HOHFWULFDO
FRQQHFWRUV FRPSOHWHO\ XSZDUGV �ILJ� ����

ILJ� ��

���� 6,7 ������9DOYH ��� DGMXVWPHQW

�

�

�

�

�

�

�

�

�

%

ILJ� ��

3URFHHG DV GHVFULEHG LQ VHFWLRQ �����

���� 6,7 ��� 9DOYH��� PRGXODWLQJ RSHUDWRU
)RU WKH DGMXVWPHQW ILHOG DV ZHOO DV IRU WKH UHSODFHPHQW
RI WKH FDUWULGJH� UHIHU WR VHFWLRQ �����

���� 6,7 ��� 9DOYH���FKHFN
T &KHFN WKH HOHFWULFDO FRPSOHWHQHVV

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

'LVFRQQHFW WKH RQ���RII RSHUDWRUV DQG WKH PRGXODWLQJ
RSHUDWRU DQG PHDVXUH WKH HOHFWULFDO UHVLVWDQFH EH�
WZHHQ WKH VXSSO\ FRQWDFWV�
7KH WHUPLQDOV RI WKH FRQQHFWRU l�l �ILJ� ��� DUH FRQ�
QHFWHG WR WKH RSHUDWRUV DV LOOXVWUDWHG LQ ILJ� ���

8SSHU RQ���RII
RSHUDWRU �(9��

/RZHU RQ���RII
RSHUDWRU �(9��

ILJ� ��

(OHFWULFDO UHVLVWDQFH RI WKH RSHUDWRUV�
ORZHU RQ���RII RSHUDWRU � DERXW ��� �
XSSHU RQ���RII RSHUDWRU� DERXW ��� �
PRGXODWLQJ RSHUDWRU� DERXW ��� �

����� 6,7 ��� 9DOYH ��� UHPRYDO

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�



*DV YDOYH

��

� 5HPRYH WKH IURQW SDQHO� ORZHU WKH LQVWUXPHQW
SDQHO

� 5HPRYH WKH ORZHU SURWHFWLRQ

� GLVFRQQHFW WKH RQ���RII RSHUDWRUV DQG WKH PRGX�
ODWLQJ RSHUDWRU

� UHPRYH WKH IRXU F\OLQGULFDO KHDG VFUHZV %
�ILJ� ��� WKDW IL[ WKH YDOYH WR WKH WRS IODQJH

� :LWK D FURVV VFUHZGULYHU FRPSOHWHO\ XQVFUHZ
VFUHZV& �LQ ILJ� �� WKH ULJKW RQH LV LQGLFDWHG� DQG
UHPRYH WKH YDOYH�

� 5HDVVHPEOH WKH YDOYH� FDUU\LQJ RXW WKH UHPRYDO
RSHUDWLRQV LQ UHYHUVH RUGHU

&

ILJ� ��



0DLQ FLUFXLW IORZ VZLWFK

��

�� 0DLQ FLUFXLW IORZ VZLWFK
���� )XQFWLRQ
7KHPDLQ FLUFXLW IORZ VZLWFK �$ LQ ILJ� ��� LV D GHYLFH WKDW
FRQWUROV WKH VSHHG RI ZDWHU WKDW FURVVHV WKH PDLQ KHDW
H[FKDQJHU�

$

ILJ� ��

7KLV GHYLFH FRQWUROV WKH UHJXODU IXQFWLRQLQJ RI WKH
SXPS� WKH SUHVHQFH RIZDWHU LQ WKH SULPDU\ FLUFXLW RI WKH
ERLOHU DQG WKH DEVHQFH RI REVWUXFWLRQV RI WKH PDLQ KHDW
H[FKDQJHU GXULQJ WKH F�K IXQFWLRQ DV ZHOO DV GXULQJ WKH
G�K�Z� IXQFWLRQ�
7KH PDLQ FLUFXLW IORZ VZLWFK LV FRQQHFWHG WR WKH HOHF�
WURQLF FRQWURO FLUFXLW DQG LWV LQWHUYHQWLRQ SUHYHQWV RU
VWRSV WKH EXUQHU LJQLWLRQ F\FOH EXW GRHV QRW VHQG WKH
ERLOHU LQ WKH ORFN VWDWH�

���� &KHFNV

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

T (OHFWULFDO IXQFWLRQ
5HPRYH WKH IURQW SDQHO RI WKH ERLOHU� ORZHU WKH FRQWURO
SDQHO DQG UHPRYH WKH OLG % RI WKH IORZ VZLWFK �ILJ� ����
'LVFRQQHFW WKH PLFURVZLWFK� UHPRYH LW IURP WKH IORZ
VZLWFK DQG FKHFN LWV HOHFWULFDO IXQFWLRQ�
,I WKHPLFURVZLWFK ZRUNV FRUUHFWO\� ZKHQ WKH SXVK���EXW�
WRQ & LV UHOHDVHG� WKH FRQWDFW EHWZHHQ WKH WHUPLQDOV
LQGLFDWHG LQ ILJ� ��PXVW EH FORVHG �HOHFWULFDO UHVLVWDQFH
]HUR ���
%\ SUHVVLQJ WKH SXVK���EXWWRQ WKH FRQWDFW PXVW RSHQ�

�

&

ILJ� ��

T +\GUDXOLF FRQQHFWLRQ

5HPRYH WKH IORZ VZLWFK IURP WKH SLSH �VHH VHFWLRQ �����
DQG FKHFN WKDW WKHUH DUH QR REVWUXFWLRQV LQ WKH FKDQ�
QHOV WKDW FRQQHFW WKH IORZ VZLWFK FKDPEHUV WR WKH SLSH�
,I QHFHVVDU\� FOHDQ WKH FKDQQHOV ZLWK D VFUHZGULYHU KDY�
LQJ D VXLWDEOH VL]H� EHLQJ FDUHIXO QRW WR GDPDJH WKH LQ�
WHUQDO PHPEUDQH RI WKH IORZ VZLWFK�
&KHFN LI WKHUH DUH DQ\ REVWUXFWLRQV LQ WKH KROHV RI WKH
SLSH�

���� 5HPRYDO

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� (PSW\ WKH SULPDU\ FLUFXLW RI WKH ERLOHU
� 5HPRYH WKH IURQW SDQHO RI WKH ERG\� WKH ULJKW VLGH

SDQHO DQG ORZHU WKH FRQWURO SDQHO
� /RRVHQ WKH WZR VFUHZV % WKDW KROG WKH OLG DQG UH�

PRYH WKH OLG �ILJ� ����

%

ILJ� ��

� 'LVFRQQHFW WKH HOHFWULFDO WHUPLQDOV IURP WKH
PLFURVZLWFK



0DLQ FLUFXLW IORZ VZLWFK

��

'

ILJ� ��

� /RRVHQ WKH WZR VFUHZV' �ILJ� ��� DQG UHPRYH WKH
IORZ VZLWFK ERG\ IURP WKH SLSH

� 5HDVVHPEOH WKH IORZ VZLWFK� FDUU\LQJ RXW WKH
RSHUDWLRQV LQ UHYHUVH RUGHU EHLQJ FDUHIXO WRPDNH
WKH UHIHUHQFH HQJUDYHG LQ WKH SLSH FRUUHVSRQG
ZLWK WKH VDPH UHIHUHQFH RQ WKH ERG\ RI WKH IORZ
VZLWFK�

� &RQQHFW WKH VZLWFK XVLQJ WKH FRUUHFW WHUPLQDOV
�ILJ� ����

1&

GR QRW XVH

&20

ILJ� ��



��

�� '�K�Z� IORZ VZLWFK DQG ILOWHU

���� )XQFWLRQ

7KHGRPHVWLF KRWZDWHU �G�K�Z�� IORZ VZLWFK �$ LQ ILJ� ���
LV D GHYLFH WKDW VHQGV DQ HOHFWULF VLJQDO WR WKH HOHFWURQLF
FRQWURO FLUFXLW DW WKH PRPHQW LQ ZKLFK KRW ZDWHU LV
GUDZQ�

$

ILJ� ��

7KH GHYLFH LV SDUW RI WKH G�K�Z� K\GUDXOLF ERG\ %
�ILJ� ����

%

&

'

ILJ� ��

:KHQ WKH IORZ UDWH RI WKH KRW ZDWHU GUDZQ JRHV RYHU
DERXW � OLWUHV�PLQ
� WKH IORDW FRQWDLQHG LQ WKH IORZ VZLWFK
LV GUDJJHG XSZDUGV DQG WKHPDJQHW LQ LW� JHWWLQJ FORVHU
WR WKH H[WHUQDO VHQVRU& �ILJ� ��� FORVHV WKH HOHFWULF FRQ�
WDFW�

7KH G�K�Z� ILOWHU LV ORFDWHG EHKLQG WKH SLSH ILWWLQJ '
�ILJ� ��� LQVHUWHG� ,WV IXQFWLRQ LV WR VWRS WKH SDVVDJH RI
DQ\ LPSXULWLHV WKURXJK WKH G�K�Z� FLUFXLW�

���� &KHFN

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

T HOHFWULFDO IXQFWLRQ

5HPRYH WKH IURQW SDQHO RI WKH ERLOHU� ORZHU WKH LQVWUX�
PHQW SDQHO DQG GLVFRQQHFW WKH FRQQHFWRUV ( �ILJ� ����

(

ILJ� ��

0HDVXUH WKH HOHFWULFDO UHVLVWDQFH DW WKH OHDGV RI WKH
VHQVRU� :LWKRXW ZDWHU EHLQJ GUDZQ� WKH FRQWDFW PXVW
EH RSHQ� %\ RSHQLQJ D KRWZDWHU FRFN WKH FRQWDFWPXVW
FORVH �HOHFWULFDO UHVLVWDQFH ]HUR ���

���� 5HPRYDO RI WKH VHQVRU

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� 5HPRYH WKH IURQW SDQHO RI WKH ERLOHU DQG ORZHU WKH
LQVWUXPHQW SDQHO

� &ORVH WKH G�K�Z� LQOHW DQG RXWOHW FRFNV DQG HPSW\
WKH G�K�Z� FLUFXLW

� GLVFRQQHFW WKH FRQQHFWRUV ) DQG UHPRYH WKH IRUN
* �ILJ� ����

� UHPRYH WKH VHQVRU� H[WUDFWLQJ LW XSZDUGV
� DVVHPEOH WKH VHQVRU FDUU\LQJ RXW WKH UHPRYDO

RSHUDWLRQV LQ UHYHUVH VHTXHQFH�
7R IDFLOLWDWH WKH LQVHUWLRQ RI WKH VHQVRU LW LV UHFRP�
PHQGHG WR OLJKWO\ OXEULFDWH LWV HGJHV�

���� 5HPRYDO RI WKH IORDW

� 5HPRYH WKH IURQW SDQHO RI WKH ERLOHU DQG ORZHU WKH
LQVWUXPHQW SDQHO

� &ORVH WKH G�K�Z� LQOHW DQG RXWOHW FRFNV DQG HPSW\
WKH G�K�Z� FLUFXLW

� 5HPRYH IRUN *� WKH IRUN WKDW KROGV WKH SLSH + WR
WKH WRS SOXJ RI WKH G�K�Z� KHDW H[FKDQJHU �ILJ� ���
DQG UHPRYH WKH SLSH LQ RUGHU WR IUHH WKH RXWOHW
KROH RI WKH IORZ VZLWFK�



'�K�Z� IORZ VZLWFK DQG ILOWHU

��

)

*

,

+

-

ILJ� ��

� 5HPRYH WKH HPSW\LQJ SOXJ SODFHG XQGHU WKH IORZ
VZLWFK DQG ZLWK D VFUHZGULYHU KDYLQJ D VXLWDEOH
GLDPHWHU SXVK WKH IORDW XSZDUGV WKURXJK WKH
HPSW\LQJ KROH

� ,QVHUW WKH IORDW FDUU\LQJ RXW WKH UHPRYDO RSHU�
DWLRQV LQ UHYHUVH VHTXHQFH� NHHSLQJ LQ PLQG WKH
GLUHFWLRQ RI WKH LQVHUWLRQ �ILJ� ����

:DUQLQJ� WR OXEULFDWH WKH 2��ULQJ JDVNHWV
H[FOXVLYHO\ XVH D VLOLFRQH EDVH JUHDVH
FRPSDWLEOH WR EH LQ FRQWDFW ZLWK IRRGV DQG
DSSURYHG E\ WKH ORFDO ZDWHU $XWKRULWLHV�

)ORDW

83

ILJ� ��

���� 5HPRYDO RI WKH ILOWHU
� UHPRYH WKH IURQW SDQHO RI WKH ERLOHU DQG ORZHU WKH

LQVWUXPHQW SDQHO
� FORVH WKH G�K�Z� LQOHW DQG RXWOHW FRFNV DQG HPSW\

WKH G�K�Z� FLUFXLW
� 5HPRYH WKH IRUN , DQG UHPRYH WKH SOXJ - �ILJ� ����
� H[WUDFW WKH ILOWHU SODFHG LQVLGH WKH KROH DW WKH EDVH

RI WKH IORZ VZLWFK
� LQVHUW WKH ILOWHU� FDUU\LQJ RXW WKH UHPRYDO RSHU�

DWLRQV LQ UHYHUVH VHTXHQFH

:DUQLQJ� WR OXEULFDWH WKH 2��ULQJ JDVNHWV
H[FOXVLYHO\ XVH D VLOLFRQH EDVH JUHDVH

FRPSDWLEOH WR EH LQ FRQWDFW ZLWK IRRGV DQG
DSSURYHG E\ WKH ORFDO ZDWHU $XWKRULWLHV�

���� )ORZ OLPLWHU

,I WKH IORZ UDWH RI WKH G�K�Z� FLUFXLW LV WRR KLJK� LW LV SRVV�
LEOH WR OLPLW LW LQVWDOOLQJ D IORZ OLPLWHU� 7KH IROORZLQJ VL]HV
DUH DYDLODEOH�

1RPLQDO IORZ UDWH
�OLWUHV�PLQ�

&RORXU

� :KLWH

�� %ODFN

�� *UD\

�� *UHHQ

�� <HOORZ

7R LQVWDOO WKH IORZ OLPLWHU RSHUDWH DV LQ WKH IROORZLQJ VH�
TXHQFH�
� 5HPRYH WKH IURQW SDQHO RI WKH ERLOHU DQG ORZHU WKH

LQVWUXPHQW SDQHO
� &ORVH WKH G�K�Z� LQOHW DQG RXWOHW FRFNV DQG HPSW\

WKH G�K�Z� FLUFXLW
� 5HPRYH IRUN *� WKH IRUN WKDW KROGV WKH SLSH + WR

WKH WRS SOXJ RI WKH G�K�Z� KHDW H[FKDQJHU �ILJ� ���
DQG UHPRYH WKH SLSH LQ RUGHU WR IUHH WKH RXWOHW
KROH RI WKH IORZ VZLWFK�

� 5HPRYH WKH SODVWLF F\OLQGHU . DQG UHSODFH LW ZLW
WKH IORZ OLPLWHU / DQG WKH SODVWLF JDVNHWV 0 DV
VKRZQ LQ ILJ� ���

.

/

0

ILJ� ��

� 5HDVVHPEOH WKH SLSH + IL[LQJ LW ZLWK WKH IRUNV WR
WKH G�K�Z� XQLW DQG WR WKH G�K�Z� KHDW H[FKDQJHU�



��

�� 7HPSHUDWXUH SUREHV
���� )XQFWLRQ
7KH WHPSHUDWXUH SUREH KDV WKH IXQFWLRQ RI FRQYHUWLQJ
WKH WHPSHUDWXUH RI WKH ZDWHU RI WKH K\GUDXOLF FLUFXLW
ZKHUH LW LV LQVWDOOHG LQWR DQ HOHFWULF VLJQDO �UHVLVWDQFH��
7KH UHODWLRQ EHWZHHQ WHPSHUDWXUH DQG HOHFWULFDO UHVLV�
WDQFH LV VWDWHG LQ ILJ� ���

���

����

����

����

����

����

����

����

����

����

����
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�����

�����

�����

�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���

�

�&

ILJ� ��

,Q WKH ERLOHUV ZLWK PL[HG IXQFWLRQ �F�K � G�K�Z�� WZR
WHPSHUDWXUH SUREHV DUH DVVHPEOHG� RQH RQ WKH RXWOHW
SLSH IURP WKH PDLQ KHDW H[FKDQJHU �PDLQ FLUFXLW WHP�
SHUDWXUH SUREH� $� RQH DW WKH RXWOHW RI WKH G�K�Z� KHDW
H[FKDQJHU �G�K�Z� WHPSHUDWXUH SUREH� % �ILJ� ����

$

%

&�K
ZDWHU IORZ

&�K
ZDWHU UHWXUQ

'�K�Z�
LQOHW

'�K�Z�
RXWOHW

ILJ� ��

���� &KHFNV
T 7HPSHUDWXUH���UHVLVWDQFH UHODWLRQVKLS

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

'LVFRQQHFW WKH FDEOH IURP WKH WHPSHUDWXUH SUREH�
0HDVXUH WKH WHPSHUDWXUH RI WKH SLSH QHDU WKH WHPSHUD�
WXUH SUREH DQG FKHFN WKH HOHFWULFDO UHVLVWDQFH DFFRUG�
LQJ WR WKH JUDSK LQ ILJ� ���
5HPHPEHU WKDW D WHPSHUDWXUH SUREH IDLOHG LQ VKRUW FLU�
FXLW VHQGV D VLJQDO WR WKH FRQWURO FLUFXLW DW D WHPSHUDWXUH
HTXLYDOHQW WR ����&� $ GLVFRQQHFWHG RU LQWHUUXSWHG
WHPSHUDWXUH SUREH VHQGV D VLJQDO DW D WHPSHUDWXUH
HTXLYDOHQW ��& WKXV WKH EXUQHU ZLOO DOZD\V EH RQ PD[L�
PXP SRZHU�

���� 5HPRYDO RI WKH PDLQ FLUFXLW WHPSHUDWXUH
SUREH

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� UHPRYH WKH IURQW SDQHO RI WKH ERG\� WKH ULJKW VLGH
SDQHO DQG ORZHU WKH LQVWUXPHQW SDQHO

� FORVH WKH F�K ZDWHU IORZ DQG UHWXUQ FRFNV DQG
HPSW\ WKH SULPDU\ FLUFXLW RI WKH ERLOHU

� UHPRYH WKH HOHFWULF FRQQHFWRU RI WKH WHPSHUDWXUH
SUREH

� 5HPRYH WKH IRUN� UHPRYH WKH WHPSHUDWXUH SUREH
IURP WKH RXWOHW SLSH RI WKH PDLQ KHDW H[FKDQJHU

� DVVHPEOH WKH WHPSHUDWXUH SUREH FDUU\LQJ RXW WKH
UHPRYDO RSHUDWLRQV LQ UHYHUVH RUGHU�

���� 5HPRYDO RI WKH G�K�Z� WHPSHUDWXUH SUREH
:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�



7HPSHUDWXUH SUREHV

��

� UHPRYH WKH IURQW SDQHO RI WKH ERG\� WKH ULJKW VLGH
SDQHO DQG ORZHU WKH LQVWUXPHQW SDQHO

� &ORVH WKH G�K�Z� LQOHW DQG RXWOHW FRFNV DQG HPSW\
WKH G�K�Z� FLUFXLW RI WKH ERLOHU

� 5HPRYH WKH HOHFWULF FRQQHFWRU & RI WKH WHPSHUD�
WXUH SUREH �ILJ� ����

� UHPRYH WKH IRUN ' DQG UHPRYH WKH WHPSHUDWXUH
SUREH IURP WKH G�K�Z� K\GUDXOLF ERG\

� $VVHPEOH WKH WHPSHUDWXUH SUREH FDUU\LQJ RXW WKH
UHPRYDO RSHUDWLRQV LQ UHYHUVH RUGHU

:DUQLQJ� WR OXEULFDWH WKH 2��ULQJ JDVNHWV
H[FOXVLYHO\ XVH D VLOLFRQH EDVH JUHDVH
FRPSDWLEOH WR EH LQ FRQWDFW ZLWK IRRGV DQG
DSSURYHG E\ WKH ORFDO ZDWHU $XWKRULWLHV�

&

'

ILJ� ��



��

�� %\���SDVV YDOYH
���� )XQFWLRQ

7KH E\���SDVV YDOYH LV ORFDWHG EHWZHHQ WKH F�K ZDWHU
IORZ DQG UHWXUQ �$ LQ ILJ� ��� DQG LWV IXQFWLRQ LV WKDW RI
JXDUDQWHHLQJ D PLQLPXP IORZ DFURVV WKH PDLQ KHDW H[�
FKDQJHU DOVR LI WKH FLUFXODWLRQ DFURVV WKH F�K V\VWHP LV
FRPSOHWHO\ FORVHG�

$

&HQWUDO KHDWLQJ
ZDWHU IORZ

&HQWUDO KHDWLQJ
ZDWHU UHWXUQ

ILJ� ��

7KH E\���SDVV YDOYH LV DGMXVWDEOH E\ XVLQJ VFUHZ %
�ILJ� ���� URWDWLQJ LW FORFNZLVH� WKH XVHIXO KHDG JLYHQ WR
WKH V\VWHP LQFUHDVHV�

%

ILJ� ��

���� $GMXVWPHQW
7R HQVXUH WKDW WKH E\���SDVV YDOYH LV VXLWDEO\ DGMXVWHG
DQG FDUULHV RXW LWV IXQFWLRQ JLYLQJ WKH F�K FLUFXLW WKH
PD[LPXP XVHIXO KHDG� SURFHHG DV IROORZV�

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� UHPRYH WKH IURQW SDQHO RI WKH ERG\ DQG ORZHU WKH
LQVWUXPHQW SDQHO�

� &ORVH WKH ZDWHU IORZ DQG UHWXUQ FRFNV RI WKH F�K
FLUFXLW

� FRPSOHWHO\ URWDWH WKH DGMXVWPHQW VFUHZ RI WKH
E\���SDVV FRXQWHU���FORFNZLVH

� UHPRYH WKH OLG & RI WKH F�K IORZ VZLWFK �ILJ� ����

&

ILJ� ��

� 6WDUW WKH ERLOHU LQ F�K �WKH RSHUDWLRQ FDQ EH GRQH
ZLWK WKH JDV VXSSO\ FORVHG DQG ERLOHU ORFNHG��

� 5RWDWH WKH DGMXVWPHQW VFUHZ RI WKH E\���SDVV
YDOYH XQWLO WKH PLFURVZLWFK RI WKH F�K IORZ VZLWFK
FOLFNV

� 5RWDWH WKH DGMXVWPHQW VFUHZ RQH WXUQ FRXQWHU���
FORFNZLVH�

���� 5HPRYDO

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� UHPRYH WKH IURQW SDQHO RI WKH ERG\ DQG ORZHU WKH
LQVWUXPHQW SDQHO

� FORVH WKH F�K ZDWHU IORZ DQG UHWXUQ YDOYHV DQG
HPSW\ WKH SULPDU\ FLUFXLW RI WKH ERLOHU

� UHPRYH IRUNV' DQG ( DQG FRPSOHWHO\ ORRVHQ WKH
SLSH ILWWLQJ ) �ILJ� ����

)

'

(

*

ILJ� ��

� UHPRYH WKH SLSH * DQG WKH E\���SDVV YDOYH
� UHDVVHPEOH WKH YDOYH FDUU\LQJ RXW WKH UHPRYDO

RSHUDWLRQV LQ UHYHUVH VHTXHQFH�

:DUQLQJ� WR OXEULFDWH WKH 2��ULQJ JDVNHWV
H[FOXVLYHO\ XVH D VLOLFRQH EDVH JUHDVH
FRPSDWLEOH WR EH LQ FRQWDFW ZLWK IRRGV DQG
DSSURYHG E\ WKH ORFDO ZDWHU $XWKRULWLHV�



��

�� )OXH IDQ� YHQWXUL� DLU SUHVVXUH
VZLWFK

���� )XQFWLRQ

6HDOHG FKDPEHU ERLOHUV KDYH D IDQ ZKRVH IXQFWLRQ LV
WKDW RI IRUFLQJ WKH H[SXOVLRQ RI WKH SURGXFWV RI FRPEXV�
WLRQ�

7KH IDQ LV VXSSOLHG E\ WKH IODPH LJQLWLRQ DQG FRQWURO GH�
YLFH DW WKH EHJLQQLQJ RI WKH LJQLWLRQ F\FOH�

,WV FRUUHFW IXQFWLRQLQJ LV FRQWUROOHG E\ PHDQV RI D V\V�
WHP RI D YHQWXUL GHYLFH DQG DLU SUHVVXUH VZLWFK�

7ZR GLIIHUHQW W\SHV RI IDQV FDQ EH XVHG �ILJ� ��D ���
ILJ� ��E��

ILJ� ��D

ILJ� ��E

���� &KHFNV

T &KHFN WKH YHQWXUL SUHVVXUH

:DUQLQJ� WKLV WHVW PXVW EH FDUULHG RXW ZLWK WKH OLG RI
WKH VHDOHG FKDPEHU FRYHU FRUUHFWO\ LQ SODFH�

5HPRYH WKH SOXJ RI WKH SUHVVXUH WHVW SRLQW $ SODFHG RQ
WKH XSSHU VLGH RI WKH ERLOHU �ILJ� ����

&RQQHFW D VXLWDEOH SUHVVXUH PHWHU WR WKH WHVW SRLQW DQG
UXQ WKH ERLOHU�

0HDVXUH WKH SUHVVXUH �QHJDWLYH� DQG HQVXUH WKDW LWV DE�
VROXWH YDOXH LV QRW OHVV WKDQ WKH PLQLPXP LQGLFDWHG RQ
WKH ,QVWDOODWLRQ DQG &RPPLVVLRQLQJ ERRNOHW �WHFKQLFDO
GDWD VHFWLRQ��

$

ILJ� ��

T &KHFN RI WKH IDQ

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

5HPRYH WKH IURQW SDQHO RI WKH ERG\� WKH ULJKW VLGH SDQHO
DQG WKH OLG RI WKH VHDOHG FKDPEHU�
'LVFRQQHFW WKH FRQQHFWRUV% �ILJ� ��� DQGPHDVXUH WKH
HOHFWULFDO UHVLVWDQFH RI WKH PRWRU�

% '

'

'

ILJ� ��

(OHFWULFDO UHVLVWDQFH RI WKH PRWRU�
IDQ RI ILJ� ��D DERXW �� �
IDQ RI ILJ� ��E DERXW �� ��

T &KHFN RI WKH DLU SUHVVXUH VZLWFK RSHUDWLRQ

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

5HPRYH WKH IURQW SDQHO RI WKH ERG\� WKH ULJKW VLGH SDQHO
DQG WKH OLG RI WKH VHDOHG FKDPEHU�
:LWK WKH ERLOHU VZLWFKHG RII GLVFRQQHFW WKH FRQQHFWRUV
& �ILJ� ��� DQG PHDVXUH WKH HOHFWULFDO UHVLVWDQFH RI WKH
FRQWDFWV�
%HWZHHQ &20 DQG 12 WKH FRQWDFW PXVW EH RSHQ�
7KH HOHFWULFDO UHVLVWDQFH EHWZHHQ &20 DQG 1& PXVW
EH ]HUR�
:LWKRXW FRQQHFWLQJ WKH FRQQHFWRUV &� UXQ WKH ERLOHU
DQG PHDVXUH DJDLQ WKH HOHFWULFDO UHVLVWDQFH RI WKH FRQ�
WDFWV�



3DUW WKUHH)OXH IDQ� YHQWXUL� DLU SUHVVXUH VZLWFK

��

7KH HOHFWULFDO UHVLVWDQFH EHWZHHQ &20 DQG 12 PXVW
EH ]HUR�

%HWZHHQ &20 DQG 1& WKH FRQWDFW PXVW EH RSHQ�

&

ILJ� ��

���� 5HPRYDO RI WKH IDQ DQG YHQWXUL GHYLFH

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

� 5HPRYH WKH IURQW SDQHO RI WKH ERG\� WKH ULJKW VLGH
SDQHO DQG WKH OLG RI WKH VHDOHG FKDPEHU

� 'LVFRQQHFW WKH FRQQHFWRUV % �ILJ� ����
� 'LVFRQQHFW SLSH'ZKLFK FRQQHFWV WKH YHQWXUL GH�

YLFH WR WKH SUHVVXUH WHVW SRLQW
� FRPSOHWHO\ ORRVHQ WKH IRXU VFUHZV ( DQG UHPRYH

WKH IDQ H[WUDFWLQJ LW GRZQZDUGV
� UHPRYH WKH YHQWXUL GHYLFH IURP WKH RXWOHW PRXWK

RI WKH IDQ
� DVVHPEOH WKH IDQ FDUU\LQJ RXW WKH UHPRYDO RSHU�

DWLRQV LQ UHYHUVH VHTXHQFH�

:DUQLQJ� ILWWLQJ WKH YHQWXUL GHYLFH RQ WKH RXWOHW
PRXWK RI WKH IDQ EH VXUH WR GLUHFW WKH LQWHUQDO SLSH
DV VKRZQ LQ ILJ� ���

ILJ� ��

���� 5HPRYDO RI WKH DLU SUHVVXUH VZLWFK

� 5HPRYH WKH IURQW SDQHO RI WKH ERG\� WKH ULJKW VLGH
SDQHO DQG WKH OLG RI WKH VHDOHG FKDPEHU

� 'LVFRQQHFW WKH FRQQHFWRUV ) �ILJ� ����

� 'LVFRQQHFW SLSH * �ILJ� ��� ZKLFK FRQQHFWV WKH
DLU SUHVVXUH VZLWFK WR WKH DLU SUHVVXUH WHVW SRLQW�

* )

ILJ� ��

� 8QVFUHZ WKH VFUHZV ZKLFK KROG WKH DLU SUHVVXUH
VZLWFK DQG UHPRYH LW�

� UHDVVHPEOH WKH DLU SUHVVXUH VZLWFK FDUU\LQJ RXW
WKH UHPRYDO RSHUDWLRQV LQ UHYHUVH VHTXHQFH�

:DUQLQJ� FRQQHFW WKHSLSH* �ILJ� ��� WR WKHSUHVVXUH
FRQQHFWLRQ RI WKH DLU SUHVVXUH VZLWFK PDUNHG k/l
�ILJ� ����

&RQQHFW WKH HOHFWULFDO FRQQHFWRUV WR WKH DLU SUHV�
VXUH VZLWFK DV VKRZQ LQ ILJ� ��

12
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l/l FRQQHFWLRQ

&20

ILJ� ��



��

�� ,JQLWLRQ DQG GHWHFWLRQ HOHFWURGHV
���� )XQFWLRQ

7KUHH HOHFWURGHV DUH ILWWHG RQ WKH EXUQHU� 7ZR RI WKHP
DUH WKH LJQLWLRQ HOHFWURGHV DQG DUH ILWWHG QHDU WKH IURQW
SDUW RI WKH EXUQHU� 7KH LJQLWLRQ VSDUNV WDNH SODFH EH�
WZHHQ WKHLU PHWDOOLF HGJHV RYHU WKH FHQWUDO UDPS RI WKH
EXUQHU GXULQJ WKH LJQLWLRQ VHTXHQFH�
7KH WKLUG HOHFWURGH LV WKH GHWHFWLRQ HOHFWURGH DQG LW GH�
WHFWV WKH SUHVHQFH RI WKH IODPH�

,JQLWLRQ

'HWHFWLRQ

ILJ� ��

���� &KHFNV

T &KHFN WKH SRVLWLRQ RI WKH HOHFWURGH HGJHV

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

5HPRYH WKH IURQW SDQHO RI WKH ERG\� WKH VHDOHG
FKDPEHU FRYHU DQG WKH FRPEXVWLRQ FKDPEHU SDQHO�
&KHFN IRU WKH FRUUHFW GLVWDQFH EHWZHHQ WKH PHWDOOLF
HGJHV RI WKH LJQLWLRQ HOHFWURGHV DQG UHIHU LW WR WKH
ILJ� ���

,JQLWLRQ

� PP

ILJ� ��

&KHFN WKH LQWHJULW\ RI WKH GHWHFWLRQ HOHFWURGH DQG HQ�
VXUH WKDW LWV PHWDOOLF HGJH LV FRUUHFWO\ SODFHG RYHU WKH
UDPS RI WKH EXUQHU�

T &KHFN WKH FRQQHFWLRQ ZLUHV

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

5HPRYH WKH IURQW SDQHO RI WKH ERG\� WKH OLG RI WKH VHDOHG
FKDPEHU DQG WKH FRYHU RI WKH FRPEXVWLRQ FKDPEHU�

&KHFN IRU WKH LQWHJULW\ RI WKH LQVXODWLRQ RI ZLUHV ZKLFK
FRQQHFW WKH HOHFWURGHV WR WKH LJQLWLRQ GHYLFH�

���� 5HPRYDO
� 5HPRYH WKH IURQW SDQHO RI WKH ERG\� WKH VHDOHG

FKDPEHU FRYHU DQG WKH FRPEXVWLRQ FKDPEHU
SDQHO�

� 5HPRYH WKH JULG SODFHG XQGHU WKH EXUQHU�
� 5HPRYH WKH EXUQHU XQVFUHZLQJ WKH IRXU VFUHZV

SODFHG DW WKH ULJKW DQG OHIW VLGHV RI WKH EXUQHU�
� 8QVFUHZ WKH WZR VFUHZV$ �ILJ� ���ZKLFK KROG WKH

HOHFWURGHV WR WKH EXUQHU�

$

ILJ� ��

� ([WUDFW WKH HOHFWURGHV IURP WKH EXUQHU�
� 5HPRYH WKH UHDU FRYHU RI WKH LQVWUXPHQW SDQHO

DQG GLVFRQQHFW WKH HOHFWURGH ZLUHV�
� $VVHPEOH WKH HOHFWURGHV FDUU\LQJ RXW WKH UHPRYDO

RSHUDWLRQ LQ UHYHUVH RUGHU�
,Q RUGHU WR UHFRJQL]H WKH HOHFWURGHV UHIHU WR
ILJ� ��� ,QVHUW DQG ILW WKH HOHFWURGHV IROORZLQJ WKH
VHTXHQFH LQGLFDWHG LQ WKH VDPH ILJXUH�

1RWH� WKH PHWDOOLF HGJH RI WKH GHWHFWLRQ HOHFWURGH
�LQGLFDWHG LQ ILJ� ��� LV ORQJHU WKDQ WKH RQH RI WKH
LJQLWLRQ HOHFWURGHV�

,JQLWLRQ �VW

,JQLWLRQ �QG
'HWHFWLRQ �UG

ILJ� ��



��

�� 6DIHW\ WKHUPRVWDW

���� )XQFWLRQ

7KH VDIHW\ WKHUPRVWDW �$ LQ ILJ� ��� LV D GHYLFH WKDW
VHQVHV WKH WHPSHUDWXUH RI WKH PDLQ FLUFXLW ZDWHU ZKLFK
IORZV LQ WKH RXWOHW SLSH RI WKH PDLQ KHDW H[FKDQJHU�

,I WKH WHPSHUDWXUH FRQWURO V\VWHP RI WKH ERLOHU IDLOV DQG
WKH WHPSHUDWXUH RI WKH PDLQ FLUFXLW UHDFKHV D GDQJHU�
RXV WHPSHUDWXUH� WKH VDIHW\ WKHUPRVWDW RSHQV WKH HOHF�
WULF FLUFXLW ZKLFK VXSSO\ WKH JDV YDOYH RQ���RII RSHUDWRUV�

&RQVHTXHQWO\� WKH IXOO VHTXHQFH LJQLWLRQ GHYLFH DW�
WHPSWV WR OLJKW WKH EXUQHU DQG� DW WKH HQG� ORFNV WKH
ERLOHU �ORFN���RXW ODPS RQ��

$

ILJ� ��

7KH VDIHW\ WKHUPRVWDW GRHV QRW UH��VHW DXWRPDWL�
FDOO\� 7R UHVHW� LW LV QHFHVVDU\ WR SXVK WKH EXWWRQ %
ZLWK WKH KHOS RI D WRRO RQ WKH LQVWUXPHQW SDQHO
�ILJ� ����

%

ILJ� ��

7KH VDIHW\ WKHUPRVWDW KDV WZR SDUWV�

L WKH WHPSHUDWXUH SUREH & ZKLFK LV ILWWHG RQ WKH
RXWOHW SLSH RI WKH PDLQ KHDW H[FKDQJHU �ILJ� ���

DQG WKH HOHFWULF VZLWFKZKLFK LV ILWWHGRQ WKH LQVWUX�
PHQW SDQHO �% LQ ILJ� ����

L WKH VZLWFK ' ZKLFK LV SODFHG RQ WKH LQVWUXPHQW
SDQHO �ILJ� ����

&

ILJ� ��

'

ILJ� ��

���� &KHFNV

:DUQLQJ� LVRODWH WKH ERLOHU IURP WKH PDLQV
HOHFWULFLW\ VXSSO\ EHIRUH UHPRYLQJ DQ\
FRYHULQJ RU FRPSRQHQW�

T 3RVLWLRQ RI SUREH DQG LQWHJULW\



6DIHW\ WKHUPRVWDW

��

5HPRYH WKH IURQW SDQHO RI WKH ERG\� WKH ULJKW VLGH SDQHO
DQG WKH VHDOHG FKDPEHU FRYHU

9HULI\ WKH VRXQGQHVV RI WKH ILWWLQJ EHWZHHQ WKH PDLQ FLU�
FXLW SLSH DQG WKH WHPSHUDWXUH SUREH & �ILJ� ���

9HULI\ WKH LQWHJULW\ RI WKH FDSLOODU\ ZKLFK FRQQHFWV WKH
SUREH WR WKH VZLWFK� ,I WKH FDSLOODU\ LV EURNHQ WKH VZLWFK
RSHQV DXWRPDWLFDOO\�

T 2YHUKHDW WHPSHUDWXUH YDOXH

6HW WKH WHPSHUDWXUH FRQWURO NQREV WR WKHLUPD[� SRVLWLRQ
DQG UXQ WKH ERLOHU LQ G�K�Z� DQG F�K� $OORZ WKH ERLOHU WR
UHDFK LWVPD[LPXP RSHUDWLQJ WHPSHUDWXUH �PRQLWRU WKH
WHPSHUDWXUH JDXJH RQ WKH LQVWUXPHQWSDQHO�� 7KHERLOHU
VKRXOG RSHUDWH DQG PDLQWDLQ D WHPSHUDWXUH EHORZ WKDW
RI WKH VDIHW\ WKHUPRVWDW DQG QR RYHUKHDW LQWHUYHQWLRQ
VKRXOG RFFXU�

,W LV QRW SHUPLVVLEOH WR FKDQJH WKH IDFWRU\ VHWWLQJ RI WKH
VDIHW\ WKHUPRVWDW� 7KH VDIHW\ WKHUPRVWDW PXVW EH UH�
SODFHG LI LWV RSHUDWLRQ WHPSHUDWXUH LV WRR ORZ DQG WKHUH�
IRUH FRQVWDQWO\ LQWHUUXSWV WKH FRUUHFW IXQFWLRQLQJ RI WKH
ERLOHU DQGQRW DOORZLQJ LW WR UHDFK LWVPD[LPXPSHUPLVV�
LEOH RSHUDWLQJ WHPSHUDWXUHV�

T (OHFWULFDO IXQFWLRQ
5HPRYH WKH UHDU OLG RI WKH LQVWUXPHQW SDQHO �VHH
FKDSWHU DFFHVV WR DQG HPSW\LQJ K\GUDXOLF FLUFXLWV��
'LVFRQQHFW WKH VZLWFK DQG FKHFN LWV HOHFWULFDO IXQFWLRQ�
1RUPDOO\ �QR LQWHUYHQWLRQ� WKH FRQWDFW PXVW EH FORVHG
�HOHFWULFDO UHVLVWDQFH ]HUR ���

���� 5HPRYDO
� 5HPRYH WKH IURQW SDQHO RI WKH ERG\� WKH ULJKW VLGH

SDQHO DQG WKH VHDOHG FKDPEHU FRYHU
� 5HPRYH WKH VSULQJ ZKLFK KROGV WKH WHPSHUDWXUH

SUREH DQG H[WUDFW WKH SUREH IURP WKH VHDOHG
FKDPEHU

� 5HPRYH WKH UHDU OLG RI WKH LQVWUXPHQW SDQHO �VHH
FKDSWHU DFFHVV WR DQG HPSW\LQJ K\GUDXOLF FLU�
FXLWV��

� 'LVFRQQHFW WKH VZLWFK
� )URP WKH IURQW VLGH RI WKH LQVWUXPHQW SDQHO XQ�

VFUHZ WKH F\OLQGULFDO QXW ZKLFK KROGV WKH VZLWFK
DQG UHPRYH LW�

� 5HDVVHPEOH WKH VZLWFK FDUU\LQJ RXW WKH RSHU�
DWLRQV LQ UHYHUVH RUGHU�



��

�� (OHFWULFDO UHVLVWDQFHV
6XPPDU\ RI WKH HOHFWULFDO UHVLVWDQFHV LQ � RI WKH FRP�
SRQHQWV XVHG LQ WKH DSSOLDQFHV LQ WKH PDQXDO�

���� &LUFXODWRU

���

���
�WKLUG VSHHG�

���� ����ZD\ YDOYH

� ���

���� *DV YDOYH

� ���

���

���

���

���

���



(OHFWULFDO UHVLVWDQFHV
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��

�� 6KRUW VSDUH SDUWV OLVW
.H\ *�&� SDUW

QR�
'HVFULSWLRQ 4�W\ 0DQXIDF�

WXUHU SDUW QR�
0DQXIDFWXUHU
V UHIHUHQFH

� ��� ��� �� UDPSV EXUQHU ����0)6 ���5)6� � .* ���� ��� 3ROLGRUR

��� ��� �� UDPSV EXUQHU ����0)6� � .* ���� ���

� ��� ��� ,QMHFWRUV IRU QDWXUDO JDV ����0)6 ���5)6� UHI� ��� �� .* ���� ���

��� ��� ,QMHFWRUV IRU QDWXUDO JDV ����0)6� UHI� ��� �� .* ���� ���

��� ��� ,QMHFWRUV IRU /3* �DOO PRGHOV� UHI� �� �� .* ���� ���

� ��� ��� *DV PRGXODWRU FDUWULGJH � .* ���� ��� 6LW ������ PEDU FRG� ���������

� ��� ��� *DV YDOYH � .* ���� ��� 6LW ��� 1RYD

��� ��� *DV YDOYH �DOWHUQDWLYH� � .* ���� ��� 6LW ��� 7DQGHP

� ��� ��� ([SDQVLRQ YHVVHO � .* ���� ��� (OEL ��� &,00 ��� =LOPHW �� O�

� ��� ��� 0DLQ KHDW H[FKDQJHU ����0)6 ���5)6� � .* ���� ���

��� ��� 0DLQ KHDW H[FKDQJHU ����0)6� � .* ���� ���

� ��� ��� )DQ ����0)6 ���5)6� � .* ���� ��� (%0 *�.������$'��

��� ��� )DQ ����0)6� � .* ���� ��� 6(/ 5/�������� $��

� ��� ��� $LU SUHVVXUH VZLWFK � .* ���� ��� <DPDWDNH���+RQH\ZHOO &����

� ��� ��� 6DIHW\ YDOYH � .* ���� ��� &DOHIIL ��� �l

2UNOL 96 �l �.

�� ��� ��� )URQW FRPEXVWLRQ FKDPEHU SDQHO ����0)6 ���5)6� � .* ���� ���

��� ��� )URQW FRPEXVWLRQ FKDPEHU SDQHO ����0)6� � .* ���� ���
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