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$GMXVWLQJ +HDW $QWLFLSDWRU� ��

$GMXVWLQJ 0DQLIROG 3UHVVXUH� �

$LU 3URYLQJ 6ZLWFK� 6HH 3UHVVXUH 6ZLWFK

$X[LOLDU\ /LPLW 6ZLWFK� ��

%

%ORZHU $VVHPEO\� &RQGLWLRQHG $LU� ��

%ORZHU 6SHHGV� &KDQJLQJ� ��

%ORZHU 6SHHGV� 6HOHFWLQJ� ��

%ORZHU� ([KDXVW� ��� ��

%XUQHUV� ��

&

&DSDFLWRUV� ��

&KHFNLQJ $SSUR[LPDWH $LU )ORZ� ��

&KHFNLQJ &DSDFLWRUV� ��

&KHFNLQJ ([WHUQDO 6WDWLF 3UHVVXUH� ��

&KHFNLQJ )ODPH &XUUHQW� ��

&KHFNLQJ *URXQGLQJ DQG 3RODULW\� �

&KHFNLQJ ,QSXW �)LULQJ� 5DWH� �

&KHFNLQJ 0DQLIROG 3UHVVXUH� �

&KHFNLQJ 7HPSHUDWXUH 5LVH� ��

&RPEXVWLRQ $LU�9HQW 3LSLQJ� ��²��

&RPEXVWLRQ %ORZHU� 6HH ([KDXVW %ORZHU

&RQGHQVDWH 'UDLQ 7UDS� ��²��

&RQWURO :LULQJ� ��

'

'LDJQRVWLFV� ��

',3 6ZLWFK 6HWWLQJV� 67����� ��

'UDLQ 7UDS� &RQGHQVDWH� ��²��

(

(OHFWULFDO 6XSSO\� �

(OHFWURQLF )DQ 7LPHU� ��

([KDXVW %ORZHU� ��� ��

([WHUQDO 6WDWLF 3UHVVXUH� &KHFNLQJ� ��

)

)DQ 7LPHU� (OHFWURQLF� ��

)ODPH &XUUHQW� &KHFNLQJ� ��

)ODVK &RGHV� ��

*

*DV 9DOYH�,JQLWLRQ &RQWURO� +RQH\ZHOO 69����4� ��

*URXQG� (OHFWULFDO� �

+

+HDW $QWLFLSDWRUV� ��

+HDW ([FKDQJHU 5HPRYDO�5HSODFHPHQW� ��²��

+LJK $OWLWXGH 2SHUDWLRQ� �

+RQH\ZHOO 67���� )DQ 7LPHU� ��

+RQH\ZHOO 69����4� *DV 9DOYH�,JQLWLRQ &RQWURO� ��

,

,JQLWLRQ &RQWURO�*DV 9DOYH� +RQH\ZHOO 69����4� ��

,QGH[� 7HFKQLFDO 6HUYLFH 'DWD� ��

,QGH[� :LULQJ 'LDJUDPV� ��

,QOHW $LU 5HVWULFWRU� ��� ��

,QWHUORFN 6ZLWFK� �

,QWURGXFWLRQ� �

/

/LPLW 6ZLWFKHV� ��
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3LSLQJ� 9HQW�&RPEXVWLRQ $LU� ��²��

3RODULW\� /LQH 9ROWDJH� �

3UHVVXUH 6ZLWFKHV� ��²��

3UHVVXUHV� $SSUR[LPDWH 2SHUDWLQJ� ��

5

5HVWULFWRU� ,QOHW $LU� ��� ��

5ROO 2XW /LPLW 6ZLWFK� ��

5RRP 7KHUPRVWDW� ��

6

6HTXHQFH RI 2SHUDWLRQ )ORZ &KDUW� ��

67����$ 7HVWLQJ 6HTXHQFH� ��

6XSSO\� (OHFWULFDO� �

6XSSO\� *DV� �

6ZLWFK� %ORZHU 'RRU ,QWHUORFN� �

6ZLWFK� µ',3µ� ��

6ZLWFK� $X[LOLDU\ /LPLW� ��

6ZLWFK� /�3� *DV 3UHVVXUH� ��

6ZLWFK� 0DLQ /LPLW� ��²��

6ZLWFK� 3UHVVXUH� ��²��

6ZLWFK� 5ROO 2XW /LPLW� ��

6ZLWFKHV� /LPLW� ��

7

7HFKQLFDO 6HUYLFH 'DWD ,QGH[� ��

7HPSHUDWXUH 5LVH� ��

7HVWLQJ 6HTXHQFH� 67����� ��

7KHUPRVWDW� 5RRP� ��

7URXEOHVKRRWLQJ &KDUW� 69����4� ��

8

8QLW ,GHQWLILFDWLRQ� �

9

9HQW�&RPEXVWLRQ $LU 3LSLQJ� ��²��

:

:LULQJ 'LDJUDP ,QGH[� ��

:LULQJ� &RQWURO� ��
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7K L V VHU Y L FH PDQXD O L V GHV L JQHG WR EH XVHG L Q
FRQMXQF W LRQ ZLWK WKH LQVWDO ODW LRQ PDQXDO DQG� RU
WHFKQLFDO VXSSRUW PDQXDO SURYLGHG ZLWK HDFK WZR VWDJH
IXUQDFH�

7KHVH IXUQDFHV UHSUHVHQW WKH YHU\ ODWHVW LQ KLJK
HI I L F L HQF\ WZR VW DJH JDV I XU QDFH WHFKQR O RJ\�
&RQVHTXHQWO\� WKH\ LQFRUSRUDWH WKH XVH RI FHUWDLQ
FRQWUROV WKDW FRQWDLQ KLJKO\ VRSKLVWLFDWHG HOHFWURQLF
FRPSRQHQWV ZK LFK DUH QR W XVHU VHUY LFHDEOH �
7KHUHIRUH� LW LV HVVHQWLDO WKDW RQO\ FRPSHWHQW� TXDOLILHG�
VHUYLFH SHUVRQQHO DWWHPSW WR LQVWDO O � VHUYLFH� RU
PDLQWDLQ WKLV SURGXFW�

7K L V VHU Y LFH PDQXD O ZDV Z U L W W HQ WR DVV LV W W KH
SURIHVVLRQDO +9$& VHUYLFH WHFKQLFLDQ WR TXLFNO\ DQG
DFFXUDWHO\ GLDJQRVH DQG UHSDLU DQ\ PDOIXQFWLRQV RI WKLV
SURGXFW�

7KLV VHUYLFH PDQXDO FRYHUV VHYHUDO GLIIHUHQW PRGHOV LQ
WZR ��� IDPLOLHV RI SURGXFW� 9DULDEOH 6SHHG �'�&���
%ORZHU 0RWRU� PRGHOV LQ WKH &RQGHQVLQJ IXUQDFH
IDPLO\� DQG � VSHHG �3�6�&���%ORZHU 0RWRU� PRGHOV LQ
ERWK WKH &RQGHQVLQJ DQG 1RQ��&RQGHQVLQJ IXUQDFH

IDPLOLHV� 7KH RYHUDOO RSHUDWLRQ RI DOO RI WKHVH PRGHOV
DQG IDPLOLHV LV HVVHQWLDOO\ WKH VDPH� ZLWK WKH H[FHSWLRQ
RI WKH %ORZHU 0RWRU� DQG�RU FHUWDLQ FRQWURO IXQFWLRQV
ZKLFK PD\ EH XQLTXH WR D SDUW LFXODU PRGHO DQG�RU
IDPLO\�

7KLV PDQXDO� WKHUHIRUH� ZLOO GHDO ZLWK DOO VXEMHFWV LQ D
JHQHUDO QDWXUH �,�(� DOO WH[W ZLOO SHUWDLQ WR DOO PRGHOV�
XQOHVV WKDW VXEMHFW LV XQLTXH WR D SDUWLFXODU PRGHO RU
IDPLO\� LQ ZKLFK FDVH LW ZLOO EH VR LQGLFDWHG�

7KURXJKRXW WKH PDQXDO UHIHUHQFHV PD\ EH PDGH WR
´9$5,$%/( 63((' 02'(/6µ DV ZHO O DV ´7:2
63((' 02'(/6µ� *(1(5$//<� WKH GLVWLQFWLRQ
EHWZHHQ WKHVH WZR JURXSV LV EDVHG RQ D GLIIHUHQFH LQ
WKH W\SH RI %ORZHU 0RWRU XVHG� 7KHVH PD\ QRW EH WKH
RQO\ GLIIHUHQFHV� KRZHYHU� DQG WKH GLIIHUHQFHV PD\
YDU\ IURP PRGHO WR PRGHO ZLWKLQ D SDUWLFXODU IDPLO\ RU
VHULHV�

,W ZLOO EH QHFHVVDU\ WKHQ IRU \RX WR DFFXUDWHO\ LGHQWLI\
WKH XQLW \RX DUH VHUYLFLQJ� VR \RX PD\ EH FHUWDLQ RI D
SURSHU GLDJQRVLV DQG UHSDLU� �6HH 8QLW ,GHQWLILFDWLRQ�
3DJH ��

7KH LQIRUPDWLRQ FRQWDLQHG LQ WKLV PDQXDO LV LQWHQGHG IRU XVH E\ D TXDOLILHG VHUYLFH WHFKQLFLDQ ZKR LV
IDPLOLDU ZLWK WKH VDIHW\ SURFHGXUHV UHTXLUHG LQ LQVWDOODWLRQ DQG UHSDLU DQG ZKR LV HTXLSSHG ZLWK WKH
SURSHU WRROV DQG WHVW LQVWUXPHQWV�

,QVWDOODWLRQ RU UHSDLUV PDGH E\ XQTXDOLILHG SHUVRQV FDQ UHVXOW LQ KD]DUGV VXEMHFWLQJ WKH XQTXDOLILHG
SHUVRQPDNLQJ VXFK UHSDLUV WR WKH ULVN RI LQMXU\ RU HOHFWULFDO VKRFNZKLFK FDQ EH VHULRXV� RU HYHQ IDWDO
QRW RQO\ WR WKHP� EXW DOVR WR SHUVRQV EHLQJ VHUYHG E\ WKH HTXLSPHQW�

,I \RX LQVWDOO RU SHUIRUPVHUYLFH RQHTXLSPHQW� \RXPXVW DVVXPH UHVSRQVLELOLW\ IRU DQ\ERGLO\ LQMXU\RU
SURSHUW\ GDPDJH ZKLFK PD\ UHVXOW WR \RX RU RWKHUV� :H ZLOO QRW EH UHVSRQVLEOH IRU DQ\ LQMXU\ RU
SURSHUW\ GDPDJH DULVLQJ IURP LPSURSHU LQVWDOODWLRQ� VHUYLFH� DQG�RU VHUYLFH SURFHGXUHV�

¤���� ,QWHUQDWLRQDO &RPIRUW 3URGXFWV &RUSRUDWLRQ �86$�
���� +HLO��4XDNHU %RXOHYDUG� /D9HUJQH� 71 �����
$OO ULJKWV UHVHUYHG WKURXJKRXW WKH :RUOG�
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7KH XQLW·V UDWLQJ SODWH FRQWDLQV LPSRUWDQW LQIRUPDWLRQ
IRU WKH VHUYLFH WHFKQLFLDQ� ,W DOVR OLVWV WKH FRPSOHWH
0RGHO� 0DQXIDFWXULQJ� DQG 6HULDO QXPEHUV�

7KHVH FRPSOHWH QXPEHUV DUH UHTXLUHG WR REWDLQ FRUUHFW
UHSODFHPHQW SDUWV �IRU H[DPSOH� LQ FHUWDLQ PRGHO
IDPL O LH V R I RX U S URGXF W O L Q H D XQ L W KDY L QJ D
0$5.(7,1* 5(9,6,21 RI ´&µ LV OLNHO\ WR EH HTXLSSHG
ZLWK D 'LIIHUHQW LJQLWLRQ V\VWHP WKDQ D XQLW KDYLQJ D

PDUNHWLQJ UHYLVLRQ RI ´$µ� DV ZHOO DV DFFXUDWH VHUYLFH
LQIRUPDWLRQ�

%HIRUH DWWHPSWLQJ DQ\ DGMXVWPHQWV� RU UHSODFLQJ DQ\
FRPSRQHQWV� EH FHUWDLQ WR FKHFN WKH XQLW·V UDWLQJ SODWH
�ORFDWHG RQ WKH OHIW RU ULJKW LQVLGH VLGH SDQHO� WR REWDLQ
WKHVH FRPSOHWH QXPEHUV� 7KH LOOXVWUDWLRQV EHORZ ZLOO
KHOS \RX NQRZ PRUH DERXW WKH XQLW \RX DUH VHUYLFLQJ�

0RGHO 1XPEHUV %HJLQQLQJ :LWK ´1µ

02'(/ 180%(5 1 7 9 0 ��� * ) $

0$5.(7,1* 5(9,6,21

352'8&7 )$0,/<

352'8&7 *5283 )851$&( :,'7+

8  8SIORZ 7  8SIORZ�+RUL]RQWDO %  �� ��� -  �� ���

+  +RUL]RQWDO &  'RZQIORZ� +RUL]RQWDO )  �� ��� 1  �� ���

'  'RZQIORZ /  /RZER\

)  )ORRU )XUQDFH 0  0XOWLSRVLWLRQ 120,1$/ $,5 )/2: �7RQV�

$  +HDW 2QO\ *  ���

)8(/ %  � +  �

3  ���6WDJH *DV &  ��� -  ���

9  ���6WDJH *DV 9DULDEOH 6SHHG '  � .  �

6(5,(6 (  ��� /  ��� �� ���

�  ���� )  � 0  ��� �� ����

0  0XOWLYHQW

120,1$/ ,1387 0%78+

0RGHO 1XPEHUV %HJLQQLQJ :LWK ´7µ RU ´9µ

02'(/ 180%(5 7 1 . � � � % �� $

0$5.(7,1* 5(9,6,21

)8(/ 120,1$/ $,5 )/2: �&)0�

7  ���6WDJH *DV
9  ���6WDJH *DV 9DULDEOH

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

352'8&7 *5283 )851$&( :,'7+

8  8SIORZ 1  8SIORZ�+RUL]RQWDO %  �� ��� -  �� ���

'  'RZQIORZ &  'RZQIORZ�+RUL]RQWDO )  �� ��� 1  �� ���

+  +RUL]RQWDO

6(5,(6 120,1$/ ,1387 0%78+
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&RPSRQHQW /RFDWLRQV &RQGHQVLQJ 0RGHOV

�5HSUHVHQWDWLYH GUDZLQJ RQO\� VRPH PRGHOV YDU\ LQ DSSHDUDQFH��

)XUQDFH 9HQW 3LSH

5XEEHU &RXSOLQJ

3ULPDU\ +HDW ([FKDQJHU

+LJK )LUH 3UHVVXUH 6ZLWFK

/RZ )LUH 3UHVVXUH 6ZLWFK

6HFRQGDU\ +HDW ([FKDQJHU

5DWLQJ 3ODWH

&LUFXODWLQJ $LU %ORZHU

���6WDJH *DV 9DOYH�,JQLWLRQ &RQWURO

� 6SHHG &RPEXVWLRQ %ORZHU

&RQGHQVDWH 7UDS

)DQ 7LPHU�)XUQDFH &RQWURO

$LU ,QWDNH 3LSH �2XWVLGH $LU�2SWLRQDO

)LJXUH �

)851$&( 7+(25< 2) 23(5$7,21

7KH KLJK HIILFLHQFLHV DQG ORZ SURILOH RI WKLV IXUQDFH
KDYH EHHQ REWDLQHG XVLQJ GHVLJQ WHFKQLTXHV QRW
W\S LFD O R I W UDG L W L RQD O I X UQDFH GHV LJQV � $ E U L H I
GHVFULSWLRQ RI WKHVH QHZ GHVLJQ WHFKQLTXHV DQG WKH
SXUSRVH WKH\ VHUYH IROORZV�

�� 2EWDLQLQJ WKH KLJK HIILFLHQF\ �$�)�8�(�� UDWLQJV RI
WKHVH PRGHOV UHTXLUHG D ODUJH VXUIDFH DUHD KHDW
H[FKDQJHU� 6LQFH D UHODWLYHO\ ORZ IXUQDFH KHLJKW
DQG RYHUDOO VL]H ZDV GHVLUDEOH� D KHDW H[FKDQJHU
GHVLJQZDV UHTXLUHG WKDW FRXOG DFKLHYH WKH GHVLUHG
HIILFLHQF\� DQG \HW PLQLPL]H LWV SK\VLFDO VL]H�

7KH GHVLJQ UHTXLUHG WR DFKLHYH WKHVH UHVXOWV LV WKH
´6(53(17,1(µ GHVLJQ� ZKHUHLQ WKH IOXH JDVVHV
PXVW IROORZ D VHUSHQW VKDSHG SDVVDJH WKURXJK WKH
KHDW H[FKDQJHU� UDWKHU WKDQ VLPSO\ ULVH WR WKH WRS RI
WKH KHDW H[FKDQJHU YLD FRQYHFWLRQ�

7KLV ´6HUSHQWLQHµ SDWK LV UHVLVWLYH WR QRUPDO
FRQYHFWLYH IORZ� DQG UHTXLUHV WKDW D SDUWLDO YDFXXP
EH FUHDWHG DW WKH RXWOHW RI WKH KHDW H[FKDQJHU WR
PDLQWDLQ WKH IORZ RI IOXH SURGXFWV WKURXJK WKH KHDW
H[FKDQJHU�

�� 7KH VHUSHQWLQH KHDW H[FKDQJHU GHVLJQ GRHV QRW
OHQG LWVHOI ZHOO WR WKH ULEERQ W\SH� RU VORWWHG SRUW
W\SH EXUQHU IRXQG LQ PRUH WUDGLWLRQDO GHVLJQ
IXUQDFHV IRU WKH IROORZLQJ UHDVRQV�

$� 7KH VHFRQGDU\ FRPEXVWLRQ DLU IORZV DW ULJKW
DQJOHV WR WKH EXUQHU IODPH� PDNLQJ LW OLNHO\ WR
´SXOOµ WKH IODPH RII D ULEERQ RU VORWWHG SRUW W\SH
EXUQHU�

%� 7KH IODPH ´KHLJKWµ RI D ULEERQ RU VORWWHG SRUW
W\SH EXUQHU ZRXOG PDNH L W GL I I LFXO W � L I QRW
LPSRVVLEOH� WR SUHYHQW LPSLQJHPHQW RI WKH
IODPH RQ WKH KHDW H[FKDQJHU VXUIDFHV ZKLOH
PDLQWDLQLQJ WKH ORZ SURILOH KHDW H[FKDQJHU�

)RU WKHVH UHDVRQV� DQ ´,16+27µ W\SH EXUQHU LV XVHG LQ
WKLV VHULHV� 7KH LQVKRW EXUQHU �DOVR FDOOHG D ´MHWµ
EXUQHU� ILUHV D IODPH VWUDLJKW RXW LWV HQG� 7KLV EXUQHU LV
GHVLJQHG WR IL UH LQWR D WXEH VW\OH KHDW H[FKDQJHU�
PDNLQJ LW DQ LGHDO DSSOLFDWLRQ LQ WKH WXEH��OLNH SDVVDJHV
RI WKH VHUSHQWLQH KHDW H[FKDQJHU�

�� 2Q &RQGHQVLQJ 0RGHOV �2QO\� WR H[WUDFW WKH
PD[LPXP DPRXQW RI KHDW SRVVLEOH IURP WKH IOXH
JDVVHV� D VHFRQGDU\ KHDW H[FKDQJHU �FRQGHQVHU�
LV FRQQHFWHG WR WKH RXWOHW RI WKH SULPDU\ KHDW
H[FKDQJHU� 7KLV FRQGHQVHU UHPRYHV DGGLWLRQDO
KHDW IURP WKH IOXH JDVVHV� FDXVLQJ WKHLU
WHPSHUDWXUH WR GURS EHORZ GHZ SRLQW� 7KLV UHVXOWV
LQ WKH IRUPLQJ RI FRQGHQVDWLRQ �ZDWHU� ZKLFK WKHQ
PXVW EH URXWHG WR D GUDLQ�
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�� 2Q &RQGHQVLQJ 0RGHOV �2QO\� WKH SODFHPHQW RI
WKH VHFRQGDU\ KHDW H[FKDQJHU DW WKH RXWOHW RI WKH
SULPDU\ KHDW H[FKDQJHU FUHDWHV DGGLWLRQDO
UHVLVWDQFH WR WKH IORZ RI WKH IOXH JDVVHV�

�� 7R RYHUFRPH WKH UHVLVWDQFH WR FRQYHFWLYH IORZ RI
WKH 3ULPDU\ KHDW H[FKDQJHU DQG RQ &RQGHQVLQJ
0RGHOV �2QO\� 6HFRQGDU\ KHDW H[FKDQJHU UHTXLUHV
WKH XVH RI D WZR ��� 6SHHG ,QGXFHG 'UDIW
&RPEXVWLRQ %ORZHU $VVHPEO\�

�� 2Q &RQGHQVLQJ 0RGHOV WKH &RPEXVWLRQ %ORZHU
$VVHPEO\ LV PRXQWHG RQ WKH RXWOHW VLGH RI WKH

6HFRQGDU\KHDW H[FKDQJHU� 2Q1RQ��&RQGHQVLQJ
0RGHOV� WKH &RPEXVWLRQ %ORZHU $VVHPEO\ LV
PRXQWHG RQ WKH RXWOHW VLGH RI WKH 3ULPDU\ KHDW
H[FKDQJHU� 7KLV EORZHU FUHDWHV D SDUWLDO YDFXXP
�QHJDWLYH SUHVVXUH� ZLWKLQ WKH KHDW H[FKDQJHU�V�
GUDZLQJ WKH IOXH SURGXFWV RXW RI WKH IXUQDFH�

�� +LJK )LUH DQG /RZ )LUH 3UHVVXUH VZLWFKHV �$LU
3URYLQJ 6ZLWFKHV� DUH XVHG DV VDIHW\ GHYLFHV WKDW
SUHYHQW WKH LJQLWLRQ V\VWHP IURP ILULQJ WKH IXUQDFH
XQWLO LW VHQVHV WKDW D SURSHU GUDIW KDV EHHQ
HVWDEOLVKHG WKURXJK WKH IXUQDFH�

+,*+ $/7,78'( 23(5$7,21

7KHVH IXUQDFHV DUH GHVLJQHG WR RSHUDWH LQ WKH PDMRULW\

RI WKH FRXQWU\ ZLWKRXW DQ\ PRGLILFDWLRQV� $W DOWLWXGHV

RYHU ����� )W� DERYH VHD OHYHO� KRZHYHU� FHUWDLQ

PHDVXUHV QHHG WR EH WDNHQ WR LQVXUH FRQWLQXHG� VDIH�

UHO LDEOH RSHUDW LRQ� )RU H[DPSOH� XQLWV PXVW EH

GH��UDWHG IRU DOWLWXGH �E\ DGMXVWLQJ PDQLIROG SUHVVXUH

DQG�RU FKDQJLQJ RULILFH VL]H� EDVHG XSRQ WKH W\SH RI

IXHO � ,�(� 1DWXUDO *DV RU /�3� JDV�� %WX FRQWHQW RI WKH

JDV� DQG LQVWDOOHG DOWLWXGH�

&RQGHQV LQJ 0RGHOV 0867 KDYH D K LJK D OW L WXGH

SUHVVXUH VZLWFK LQVWDOOHG WR LQVXUH SURSHU RSHUDWLRQ DW
DOWLWXGHV DERYH ����� )W� DERYH VHD OHYHO�

1RQ��&RQGHQVLQJ 0RGHOV 0867 KDYH D KLJK DOWLWXGH
DLU LQOHW UHVWULFWRU LQVWDOOHG WR LQVXUH SURSHU RSHUDWLRQ DW
DOWLWXGHV DERYH ����� )W� DERYH VHD OHYHO�

:KHQ VHUYLFLQJ D XQLW LQVWDOOHG DW DOWLWXGHV DERYH �����
)W�� LQVXUH WKDW LW KDV EHHQ SURSHUO\ PRGLILHG WR RSHUDWH
DW WKDW DOWLWXGH� 6HH WKH VHFWLRQV RQ *DV SUHVVXUH
�3DJH ��� DQG SUHVVXUH VZLWFKHV �3DJH ��� WR REWDLQ
VSHFLILF LQIRUPDWLRQ IRU \RXU SDUWLFXODU LQVWDOODWLRQ
DOWLWXGH�

&RPSRQHQW /RFDWLRQV 1RQ��&RQGHQVLQJ PRGHOV

� 6WDJH *DV 9DOYH�,JQLWLRQ &RQWURO

0DLQ %XUQHUV

&LUFXODWLQJ %ORZHU 0RWRU

+HDW ([FKDQJHU

� 6SHHG &RPEXVWLRQ %ORZHU

&LUFXODWLQJ %ORZHU

+LJK )LUH
3UHVVXUH 6ZLWFK

/RZ )LUH
3UHVVXUH 6ZLWFK

)DQ 7LPHU�)XUQDFH &RQWURO

)LJXUH �
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+($7,1*

&&DDOOOO IIRRUU ��VVWW 66WWDDJJHH ++HHDDWWLLQQJJ ��::�� 55HHTTXXHHVVWW��
))UURRPP 77KKHHUUPPRRVVWWDDWW

�� �� 9$& VLJQDO IURP:� RI WKHUPRVWDW DSSOLHG WR:�

WHUPLQDO RI +RQH\ZHOO 67����$ FRQWURO�

�� ,QGXFHU PRWRU WXUQV RQ DW KLJK VSHHG�

�� 7KH KLJK ILUH VROHQRLG HQHUJL]HV�

�� )ROORZLQJ D � VHFRQG SUHSXUJH GHOD\� WKH SLORW

YDOYH RSHQV DQG WKH LJQLWRU EHJLQV WR ZDUP XS�

�� $IWHU WKH SLORW OLJKWV� WKH PDLQ YDOYH RSHQV DQG

EXUQHUV OLJKW �EXUQHUV QRZ DW KLJK ILUH UDWH��

�� 7LPHG IURP WKH RSHQLQJ RI WKH PDLQ YDOYH� WKH

FRQWURO ZLOO ZDLW IRU WKH VHOHFWHG+HDW )DQ2Q'HOD\

WLPH EHIRUH GH��HQHUJL]LQJ WKH KLJK ILUH VROHQRLG�

VZLWFKLQJ WKH LQGXFHU WR ORZ VSHHG� DQG VZLWFKLQJ

WKH IDQ WR /RZ +HDW VSHHG�

�� 7KH IXUQDFH UHPDLQV DW /RZ ILUH XQWLO WKHUPRVWDW LV

VDWLVILHG� RU LW UHFHLYHV D FDOO IRU �QG 6WDJH +HDW

�:���

&&DDOOOO IIRRUU ��QQGG 66WWDDJJHH ++HHDDWWLLQQJJ ��::��		::��55HHTTXXHHVVWW��
))UURRPP 77KKHHUUPPRRVVWWDDWW

�� 9$& VLJQDOV IURP:� 	:� RI WKHUPRVWDW DSSOLHG WR

:� DQG :� WHUPLQDOV RI +RQH\ZHOO 67����$ FRQWURO�

x 6DPH OLJKW��RII URXWLQH DV GHVFULEHG IRU �VW VWDJH

RSHUDWLRQ H[FHSW WKDW DW WKH HQG RI WKH VHOHFWHG +HDW )DQ 2Q

'HOD\�6HH VWHS ���� WKH KLJK ILUH VROHQRLG UHPDLQV HQHUJL]HG

WKH LQGXFHU UHPDLQV RQ KLJK VSHHG � DQG WKH +LJK +HDW IDQ

VSHHG UHPDLQV HQHUJL]HG XQWLO FDOO IRU �QG 6WDJH +HDW �:��

LV VDWLVILHG�

127(� 7KH +RQH\ZHOO 67����$ FRQWURO UHVSRQGV

ZLWKRXW GHOD\ WR WKH SUHVHQFH RU ORVV RI :�

�ZLWK :� FRQVWDQW�� :� 	 :� ��QG 6WDJH

+HDW� UHVXOWV LQ+LJK ILUH�+LJK VSHHG LQGXFHU�

DQG+LJK+HDW IDQ VSHHG� :� RQO\ ��VW 6WDJH

+HDW� UHVXOWV LQ /RZ ILUH� /RZ VSHHG LQGXFHU�

DQG /RZ +HDW IDQ VSHHG�

77KKHHUUPPRRVVWWDDWW 66DDWWLLVVIILLHHGG ��:: 55HHTTXXHHVVWW IIUURRPP
WWKKHHUUPPRRVVWWDDWW HHQQGGVV��

�� �� 9$& VLJQDO IURP :� RU :� 	 :� RI WKHUPRVWDW

VLJQDO UHPRYHG IURP :� RU :� 	 :� WHUPLQDO RI

+RQH\ZHOO 67����$ FRQWURO�

�� 7KH JDV YDOYH GH��HQHUJL]HV DQG WKHPDLQ EXUQHUV

JR RXW�

�� 7KH LQGXFHU UXQVDW LWV SUHVHQW VSHHG IRU D �VHFRQG

SRVWSXUJH SHULRG�

�� 7KH IDQ VZLWFKHV WR �RU VWD\V DW� /RZ +HDW VSHHG�

�� 7LPHG IURP WKH JDV YDOYH GH��HQHUJL]LQJ� WKH /RZ

+HDW IDQ VSHHG GH��HQHUJL]HV DIWHU WKH VHOHFWHG

+HDW )DQ 2)) 'HOD\ WLPH H[SLUHV�

127(� ,I D QHZ +HDWLQJ UHTXHVW DUULYHV ZKLOH WKH

FRQWURO LV ZDLWLQJ LQ WKH +HDW )DQ 2II 'HOD\

WLPH� WKH IDQ VSHHG VZLWFKHV WR +LJK +HDW

XQWLO WKH +HDW )DQ 2II 'HOD\ H[SLUHV RU WKH

+HDW )DQ 2Q 'HOD\ H[SLUHV IRU WKH QHZ

+HDWLQJ UHTXHVW�

++HHDDWWLLQQJJ 55HHTTXXHHVVWW ZZLLWWKK ))DDLLOOXXUUHH WWRR HHVVWWDDEEOOLLVVKK
IIOODDPPHH ��,,��((�� **DDVV 66XXSSSSOO\\ //LLQQHH 66KKXXWW 22IIII�� HHWWFF����

x ��9$&VLJQDOV IURP:�25:�	:�RI WKHUPRVWDW

DSSOLHG WR:� 25:�	:� WHUPLQDOV RI +RQH\ZHOO

67����$ FRQWURO�

x ,QGXFHU PRWRU WXUQV RQ DW KLJK VSHHG�

x 7KH KLJK ILUH VROHQRLG HQHUJL]HV�

x )ROORZLQJ D � VHFRQG SUHSXUJH GHOD\� WKH SLORW

YDOYH RSHQV DQG WKH LJQLWRU EHJLQV WR ZDUP XS�

x 7KH LJQLWRU JORZV UHG��KRW IRU �� VHFRQGV� WKHQ

WXUQV RII�

x 7KH LJQLWHU VWD\V RII IRU �� VHFRQGV� WKHQ EHJLQV WR

ZDUP��XS DJDLQ�

x 7KH LJQLWHU JORZV UHG��KRW IRU �� VHFRQGV� WKHQ

WXUQV RII�

x 7KH SLORW YDOYH FORVHV � VHFRQGV DIWHU WKH LJQLWHU

GH��HQHUJL]HV�

x 7KH LQGXFHU GH��HQHUJL]HV � VHFRQGV DIWHU WKH SLORW

YDOYH FORVHV�

x 7KH 6PDUW 9DOYH SURFHHGV WR VRIW ORFNRXW DQG

IODVKHV HUURU FRGH ��

x 7KH FRQWURO H[LWV VRIW ORFNRXW DIWHU � PLQXWHV DQG

EHJLQV DQRWKHU LJQLWLRQ VHTXHQFH�

**DDVV 99DDOOYYHH ''LLDDJJQQRRVVWWLLFF ��((UUUURRUU�� &&RRGGHHVV

%ULJKW�'LP  1RUPDO 2SHUDWLRQ

� )ODVKHV  /RZ 3UHVVXUH 6ZLWFK 6WXFN &ORVHG

� )ODVKHV  /RZ 3UHVVXUH 6ZLWFK 6WXFN 2SHQ� $X[� /LPLW

6ZLWFK 2SHQ RU 0DQXDO 21�2)) 6ZLWFK LQ

2)) 3RVLWLRQ�

� )ODVKHV  /LPLW 6ZLWFK 2SHQ

� )ODVKHV  )ODPH 6HQVHG 2XW RI 6HTXHQFH

� )ODVKHV  &RQWURO LQ 6RIW /RFNRXW �$XWRPDWLF 5HVWDUW RU

5HWU\ 'HOD\�

� )ODVKHV  +LJK 3UHVVXUH 6ZLWFK 6WXFN &ORVHG

� )ODVKHV  +LJK 3UHVVXUH 6ZLWFK 6WXFN 2SHQ
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&&DDOOOO IIRRUU &&RRRROOLLQQJJ ��<< 		 ** 55HHTTXXHHVVWW�� IIUURRPP
77KKHHUUPPRRVVWWDDWW

x �� 9$& VLJQDOV IURP <	* WHUPLQDOV RI WKHUPRVWDW

DSSOLHG WR < 	 * WHUPLQDOV RI +RQH\ZHOO 67����$

FRQWURO�

x &RQWDFWRU FLUFXLW WR FRQGHQVLQJ XQLW HQHUJL]HG�

x &RROLQJ %ORZHU PRWRU VSHHG HQHUJL]HG DIWHU �

VHFRQG &RRO )DQ 2Q 'HOD\ WLPH�

77KKHHUUPPRRVVWWDDWW 66DDWWLLVVIILLHHGG ��<< 		 ** UUHHTTXXHHVVWW IIUURRPP
WWKKHHUUPPRRVVWWDDWW HHQQGGVV��

�� 9$& VLJQDOV IURP < 	 * WHUPLQDOV RI WKHUPRVWDW

UHPRYHG IURP +RQH\ZHOO 67����$ FRQWURO�

x &RQWDFWRU FLUFXLW WR FRQGHQVLQJ XQLW GH��HQHUJL]HG�

x &RROLQJ %ORZHU PRWRU VSHHG GH��HQHUJL]HG DIWHU

�� VHFRQG &RRO )DQ 2II 'HOD\ WLPH�

&&DDOOOO IIRRUU &&RRRROOLLQQJJ ��<< 		 ** 55HHTTXXHHVVWW�� IIUURRPP
77KKHHUUPPRRVVWWDDWW ZZLLWWKK &&DDOOOO IIRRUU ''HHKKXXPPLLGGLLIILLFFDDWWLLRRQQ ��<<��
UUHHTTXXHHVVWW�� IIUURRPP ++XXPPLLGGLLVVWWDDWW RRUU 22XXWWGGRRRRUU
77KKHHUUPPRRVVWWDDWW��

x �� 9$& VLJQDOV DSSOLHG WR <� <� 	 * WHUPLQDOV RI

67����$ FRQWURO�

x &RQWDFWRU FLUFXLW WR FRQGHQVLQJ XQLW HQHUJL]HG�

x %ORZHU PRWRU HQHUJL]HG DW D ��� UHGXFWLRQ LQ

&RROLQJ VSHHG DIWHU � VHFRQG &RRO )DQ 2Q 'HOD\

WLPH�

&&LLUUFFXXOODDWWLLQQJJ ))DDQQ ��**�� 55HHTTXXHHVVWW��

�� 9$& VLJQDO DSSOLHG WR * WHUPLQDO RI 67���� FRQWURO�

x /RZ +HDWLQJ VSHHG HQHUJL]HG ZLWKRXW GHOD\�

* VLJQDO UHPRYHG IURP 67�����

x /RZ +HDWLQJ VSHHG GH��HQHUJL]HG ZLWKRXW GHOD\�

127(��)XUQDFHV ZLWK '& EORZHU PRWRUV UXQ D ORZ

FLUFXODWLQJ IDQ VSHHG LQ UHVSRQVH WR *

UHTXHVW�

127(��)XUQDFHV ZLWK 36& EORZHU PRWRUV

GH��HQHUJL]H WKH /RZ +HDW IDQ VSHHG GXULQJ

WKH KHDW H[FKDQJHU ZDUP��XS SHULRG RQ D

FDOO IRU +HDWLQJ WKDW RFFXU GXULQJ D *

UHTXHVW�

127(��+HDWLQJ RU &RROLQJ UHTXHVWV UHFHLYHG GXULQJ

D)DQ UHTXHVW FDXVH WKH IDQ VSHHG WR FKDQJH

WR WKH DSSURSULDWH KHDW RU FRRO VSHHG DIWHU

WKH VHOHFWHG )DQ2Q'HOD\ WLPH H[SLUHV� 7KH

IDQ UHWXUQV WR FLUFXODWLQJ VSHHG DIWHU WKH

VHOHFWHG)DQ2II 'HOD\ WLPH H[SLUHV IROORZLQJ

ORVV RI WKH +HDWLQJ RU &RROLQJ UHTXHVW�
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(/(&75,&$/ 6833/<

(OHFWULFDO VKRFN KD]DUG�

7XUQ 2)) HOHFWULF SRZHU DW IXVH ER[ RU VHUYLFH
SDQHO EHIRUHPDNLQJ DQ\ HOHFWULFDO FRQQHFWLRQV
DQG HQVXUH D SURSHU JURXQG FRQQHFWLRQ LV
PDGH EHIRUH FRQQHFWLQJ OLQH YROWDJH�

)DLOXUH WR GR VR FDQ UHVXOW LQ SURSHUW\ GDPDJH�
SHUVRQDO LQMXU\ DQG�RU GHDWK�

6833/< &,5&8,7

7KH IXUQDFH FDQQRW EH H[SHFWHG WR RSHUDWH FRUUHFWO\
XQOHVV LW LV SURSHUO\ FRQQHFWHG �ZLUHG� WR DQ DGHTXDWHO\
VL]HG ��� DPS� VLQJOH EUDQFK FLUFXLW�

6833/< 92/7$*(

6XSSO\ YROWDJH WR WKH IXUQDFH VKRXOG EH D QRPLQDO ���
YROWV� ,W 0867 EH EHWZHHQ �� YROWV DQG ��� YROWV�
6XSSO\ YROWDJH WR WKH IXUQDFH VKRXOG EH FKHFNHG :,7+
7+( )851$&( ,1 23(5$7,21� 9ROWDJH UHDGLQJV
RXWVLGH WKH VSHFLILHG UDQJH FDQ EH H[SHFWHG WR FDXVH
RSHUD W L QJ SURE O HPV � 7KH L U FDXVH 0867 EH
LQYHVWLJDWHG DQG FRUUHFWHG�

(/(&75,&$/ *5281'

*URXQGLQJ RI WKH HOHFWULFDO VXSSO\ WR $// )851$&(6
,6 5(48,5(' IRU VDIHW\ UHDVRQV� 7KH +21(<:(//
FRQ W U R OV XVHG LQ WKHVH PRGH O V D UH *5281'
6(16,7,9(� DQG FRQVHTXHQWO\ 0867 EH JURXQGHG WR
RSHUDWH SURSHUO\�

32/$5,7<

&255(&7 32/$5,7< RI WKH OLQH YROWDJH VXSSO\ WR DOO
IXUQDFHV LV DOVR 5(48,5(' IRU VDIHW\ UHDVRQV� 7KH
+21(<:(// FRQWUROV XVHG LQ WKHVH PRGHOV DUH
32/$5,7< 6(16,7,9(� DQG FRQVHTXHQWO\ 0867 KDYH
SURSHU OLQH YROWDJH SRODULW\ WR RSHUDWH SURSHUO\�

)LJXUH � (OHFWULFDO &RQQHFWLRQV

:�

&+(&.,1* *5281',1* $1' 32/$5,7<

*URXQGLQJ PD\ EH YHULILHG DV IROORZV�

�� 7XUQ WKH SRZHU VXSSO\ ´2))µ

�� 8VLQJ DQ 2KPPHWHU FKHFN IRU FRQWLQXLW\ EHWZHHQ
WKH 1HXWUDO �ZKLWH� ZLUH DQG *URXQG ZLUH RI WKH
VXSSO\ FLUFXLW�

�� :LWK WKH 2KPPHWHU VHW RQ WKH 5 [� VFDOH� WKH
UHDGLQJ VKRXOG EH ]HUR 2KPV�

�� $ ]HUR 2KP UHDGLQJ LQGLFDWHV WKDW WKH QHXWUDO LV
JURXQGHG EDFN WR WKH PDLQ SDQHO�

�� $Q DOWHUQDWH FKHFN ZRXOG EH WR FKHFN IRU FRQWLQXLW\
IURP WKH 1HXWUDO WR D FROG ZDWHU SLSH� �3LSH PXVW
EH PH WD O � DQG PXV W KDYH D FRQ W L QXRXV �
XQLQWHUUXSWHG FRQQHFWLRQ WR JURXQG� RU WR D GULYHQ
JURXQG URG�

�� $Q\ UHDGLQJV RWKHU WKDQ ]HUR 2KPV ZRXOG
LQGLFDWH D SRRU JURXQG� RU QR JURXQG�

3RODULW\ PD\ EH YHULILHG DV IROORZV�

�� 7XUQ SRZHU VXSSO\ ´21µ

�� 8VLQJ D 9ROWPHWHU FKHFN IRU YROWDJH EHWZHHQ WKH
+RW �%ODFN� DQG 1HXWUDO �:KLWH� ZLUH RI VXSSO\
FLUFXLW�

�� 5HDGLQJ VKRXOG EH /LQH �6XSSO\� 9ROWDJH�

�� &KHFN IRU 9ROWDJH EHWZHHQ WKH 1HXWUDO �:KLWH� ZLUH
DQG *URXQG ZLUH RI WKH VXSSO\ FLUFXLW�
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�� 5HDGLQJ VKRXOG EH ]HUR 9ROWV� �LI OLQH YROWDJH LV

UHDG� SRODULW\ LV UHYHUVHG�

�� $ ]HUR 9ROW UHDGLQJ LQGLFDWHV WKHUH LV QR YROWDJH

SRWHQWLDO RQ 1HXWUDO ZLUH�

�� 'RXEOH FKHFN E\ FKHFNLQJ IRU YROWDJH EHWZHHQ WKH
+RW �%ODFN� ZLUH DQG *URXQG ZLUH RI WKH VXSSO\
FLUFXLW�

�� 5HDGLQJ VKRXOG EH /LQH �VXSSO\� 9ROWDJH� �LI ]HUR
YROWV LV UHDG� WKHUH LV QR JURXQG� RU SRODU LW\ LV
UHYHUVHG��

,17(5/2&. 6:,7&+

7KH E ORZH U FRPSD U WPHQ W GRRU R I D O O PRGH O V L V
HTXLSSHG ZLWK DQ LQWHU ORFN VZLWFK� 7KLV VZLWFK LV
´1RUPDO O\ 2SHQµ �FORVHV ZKHQ WKH GRRU LV RQ WKH
IXUQDFH� DQG LQWHUUXSWV IXUQDFH RSHUDWLRQ ZKHQ WKH
GRRU LV RSHQ� 7KLV LQWHUORFN VZLWFK LV D VDIHW\ GHYLFH�
DQG 6+28/' 1(9(5 %( %<��3$66('�

6LQFH WKLV LV D VLQJOH SROH VZLWFK� �EUHDNLQJ RQO\ RQH
VLGH RI WKH OLQH� SURSHU OLQH YROWDJH SRODULW\ LV HVVHQWLDO
WR LQVXUH WKDW IXUQDFH FRPSRQHQWV DUH QRW ´+27µ ZKHQ
VZLWFK LV RSHQ� �6HH &KHFNLQJ *URXQGLQJ DQG 3RODULW\�

)LJXUH � 7\SLFDO ,QWHUORFN 6ZLWFK

*$6 6833/<

3LORW 2XWOHW
�+LGGHQ�

:LULQJ 7HUPLQDOV

)LJXUH �
*DV 9DOYH�,JQLWLRQ &RQWURO
���6WDJH +RQH\ZHOO 69����4

+LJK )LUH
$GMXVWPHQW

/RZ )LUH
$GMXVWPHQW

$Q DGHTXDWHO\ VL]HG JDV VXSSO\ WR WKH IXUQDFH LV
UHTXLUHG IRU SURSHU RSHUDWLRQ� *DV SLSLQJ ZKLFK LV
XQGHUVL]HG ZLOO QRW SURYLGH VXIILF LHQW FDSDFLW\ IRU
SU RSH U RSHUD W L RQ � 3 L S L QJ VKRX OG EH V L]HG L Q
DFFRUGDQFH ZLWK DFFHSWHG LQGXVWU\ VWDQGDUGV�

1$785$/ *$6

,QOHW �6XSSO\� SUHVVXUH WR WKH IXUQDFH VKRXOG EH
FKHFNHG �DW WKH JDV YDOYH� ZLWK $// 27+(5 *$6
),5(' $33/,$1&(6 23(5$7,1*� ,QOHW �6XSSO\�
SUHVVXUH WR WKH IXUQDFH XQGHU WKHVH FRQGLWLRQV 0867
EH D PLQLPXP RI ��� LQ� :�&� ,I WKH LQOHW SUHVVXUH LV
OHVV� LW PD\ EH DQ LQGLFDWLRQ RI XQGHUVL]HG SLSLQJ RU
UHJXODWRU SUREOHPV�

/�3� *$6

,QOHW �6XSSO\� SUHVVXUH WR WKH IXUQDFH VKRXOG EH
FKHFNHG LQ WKH VDPH PDQQHU DV IRU 1DWXUDO JDV�
KRZHYHU� ZLWK /�3� *DV� WKH LQOHW SUHVVXUH 0867 EH D
PLQLPXP RI �� LQ� :�&� ,I WKLV FDQQRW EH REWDLQHG�
SUREOHPV DUH LQGLFDWHG LQ HLWKHU WKH UHJXODWRU RU SLSH
VL]LQJ�
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7DEOH �
*DV 3UHVVXUHV %HORZ ���� )W�

*DV
7\SH

6XSSO\ 3UHVVXUH 0DQLIROG
3UHVVXUH7\SH

5HFRP� 0D[� 0LQ�
3UHVVXUH

5HFRP�
PHQGHG

0D[� 0LQ�
+L )LUH /R )LUH

1DWXUDO �s
���� N3D�

��s
���� N3D�

���s
���� N3D�

���s
���� N3D�

���s
���� N3D�

/3 ��s
���� N3D�

��s
���� N3D�

��s
���� N3D�

��s
���� N3D�

���s
���� N3D�

,PSRUWDQW 1RWHV
x :LWK 3URSDQH JDV� WKH UDWHG LQSXW LV REWDLQHG ZKHQ WKH

%78 FRQWHQW LV ����� %78 SHU FXELF IRRW DQG PDQLIROG
SUHVVXUH VHW DW �� LQFKHV :�&�

x ,I 3URSDQH JDV KDV D GLIIHUHQW %78 FRQWHQW� RULILFHV 0867
EH FKDQJHG E\ OLFHQVHG 3URSDQH LQVWDOOHU�

x 0HDVXUHG LQSXW FDQ 127 H[FHHG UDWHG LQSXW�

x &RPEXVWLRQ $LU %R[ &RYHU �&RQGHQVLQJ 0RGHOV� 0867
EH UHPRYHG ZKHQ DGMXVWLQJ PDQLIROG SUHVVXUH�

x $Q\ PDMRU FKDQJH LQ JDV IORZ UHTXLUHV FKDQJLQJ
EXUQHU RULILFH VL]H�

&+(&.,1* ,1387 �),5,1*� 5$7(6

2QFH LW KDV EHHQ GHWHUPLQHG WKDW WKH JDV VXSSO\ �LQOHW�
SUHVVXUH LV FRUUHFW WR WKH IXUQDFH� LW LV QHFHVVDU\ WR
FKHFN %27+ WKH +,*+ DQG /2: LQSXW �ILULQJ� UDWHV�
7KLV FDQ EH GRQH LQ WZR ��� ZD\V� )LUVW �WKH SUHIHUUHG
PHWKRG� E\ FKHFNLQJ DQG DGMXVWLQJ �DV QHFHVVDU\� WKH
PDQLIROG �2XWOHW� SUHVVXUHV� 7KH VHFRQG ZD\ LV WR
´&ORFNµ WKH JDV PHWHU�

)LJXUH � *DV 3UHVVXUH 7HVWLQJ 'HYLFHV

Pressure Connections

Typical "U" Tube
Manometer

0

1

1

2

2

3

3

0$*1(+(/,&
0$;� 35(6685( �� 36,*

�

� ��

��

,1&+(6 2) :$7(5

)LUH RU H[SORVLRQ KD]DUG�

7XUQ 2)) JDV DW VKXW RII EHIRUH FRQQHFWLQJ 8��
WXEH PDQRPHWHU�

)DLOXUH WR WXUQ 2)) JDV DW VKXW RII EHIRUH FRQ�
QHFWLQJ 8��WXEH PDQRPHWHU FDQ UHVXOW LQ SHU�
VRQDO LQMXU\ DQG�RU GHDWK�

&+(&.,1* 0$1,)2/' 35(6685(

1RWH� $//&RQGHQVLQJPRGHOV WKDW KDYH EHHQ LQVWDOOHG
DV D GLUHFW��YHQW IXUQDFH �L�H� ZLWK FRPEXVWLRQ DLU SLSHG
GLUHFWO\ WR WKH IXUQDFH IURP RXWVLGH WKH VWUXFWXUH� 0XVW
KDYH WKH FRPEXVWLRQ ER[ FRYHU 2)) �UHPRYHG� WR
DFFXUDWHO\ DGMXVW PDQLIROG SUHVVXUH�

�� &RQQHFW D 8��WXEH PDQRPHWHU RU 0DJQHKHOLF
JDXJH ������ LQ� :�&� UDQJH� WR WKH SUHVVXUH WDS RQ
WKH PDQLIROG�

+,*+ ),5( $'-8670(17

�� 7XUQ JDV ´21´� ILUH WKH IXUQDFH RQ +,*+ )LUH E\
XV L QJ D M XPSH U Z L U H RQ W KH 5 W R :� 	 :�
WKHUPRVWDW FRQQHFWLRQV RI WKH IDQ WLPHU�

�� 5HPRYH +,*+ ILUH DGMXVWPHQW FRYHU �SODVWLF FDS�
RQ YDOYH� DQG WXUQ +,*+ ILUH DGMXVWPHQW VFUHZ
F ORFNZLVH � ,1� WR ,1&5($6( S UHVVXUH DQG
FRXQWHUFORFNZLVH �287� WR '(&5($6( SUHVVXUH�

�� $W D O W L WXGHV %(/2: ����� )W � VHW + LJK ) L UH
PDQLIROG SUHVVXUH WR ��� LQ� :�&� IRU 1DWXUDO *DV�
DQG WR �� LQ� :�&� IRU /�3� *DV� �6HH 6SHFLDO +LJK
$OWLWXGH ,QVWUXFWLRQV IRU XQLWV LQVWDOOHG $ERYH
����� )W��

/2: ),5( $'-8670(17

�� 7XUQ JDV ´21µ� ILUH WKH IXUQDFH RQ /2: )LUH E\
XVLQJ D MXPSHU ZLUH RQ WKH 5 WR :� WKHUPRVWDW
FRQQHFWLRQV RI WKH IDQ WLPHU�

�� 5HPRYH /2: ILUH DGMXVWPHQW FRYHU �SODVWLF FDS�
RQ YDOYH� DQG WXUQ /2: ILUH DGMXVWPHQW VFUHZ
F ORFNZLVH � ,1� WR ,1&5($6( SUHVVXUH� DQG
FRXQWHUFORFNZLVH �287� WR '(&5($6( SUHVVXUH�

�� $W DO W L WXGHV %(/2: ����� )W� VHW /2: )L UH
PDQLIROG SUHVVXUH WR ��� LQ� :�&� IRU 1DWXUDO *DV�
DQG WR ��� LQ� :�&� IRU /�3� *DV� �6HH 6SHFLDO
+LJK $OWLWXGH ,QVWUXFWLRQV IRU XQLWV LQVWDOOHG
$ERYH ����� )W��
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63(&,$/ +,*+ $/7,78'( ,16758&7,216

�� )RU &RQGHQVLQJ 0RGHOV RSHUDWLQJ RQ 1DWXUDO
*DV $%29( ����� )W�� VHW PDQLIROG SUHVVXUH
DFFRUGLQJ WR 7DEOH � �

�� )RU &RQGHQVLQJ 0RGHOV RSHUDWLQJ RQ /�3� *DV
$%29( ����� )W�� LQVXUH WKDW RULILFH VL]H KDV EHHQ
FKDQJHG �SHU 1DWLRQDO )XHO *DV &RGH �� $SSHQGL[
´)µ� LI JDV VXSSO\ KDV QRW DOUHDG\ EHHQ GH��UDWHG IRU
DOWLWXGH E\ WKH JDV VXSSOLHU� 7KHQ� DGMXVW +LJK )LUH
DQG /RZ )LUH PDQLIROG SUHVVXUH WR �� LQ� :�&� DQG
��� LQ� :�&� UHVSHFWLYHO\�

�� )RU 1RQ��&RQGHQVLQJ 0RGHOV RSHUDW LQJ RQ
1DWXUDO *DV $%29( ����� )W� � VHW PDQLIROG
SUHVVXUH DFFRUGLQJ WR 7DEOH � �

�� )RU 1RQ��&RQGHQVLQJ PRGHOV RSHUDWLQJ RQ /�3�

*DV $%29( ����� )W�� VHW PDQLIROG SUHVVXUH
DFFRUGLQJ WR 7DEOH � �

�� )RU $// 0RGHOV $%29( ����� )W� FRQWDFW WKH
IDFWRU\ IRU 63(&,),& GH��UDWLQJ LQIRUPDWLRQ�

+,*+ $/7,78'( $33/,&$7,216 �� +,*+ ),5( 0$1,)2/' 35(6685( 	 25,),&( 6,=(6
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7DEOH � 1DWXUDO *DV �� &21'(16,1* 02'(/6 21/<

+ W 9 O

(OHYDWLRQ $ERYH 6HD /HYHO

+HDW 9DOXH
%WX�&X�)W�

������� ���������� ���������� ���������� ���������� ���������� ����������
%WX�&X�)W�
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127(�1$785$/ *$6 '$7$ %$6(' 21 ���� 63(&,),& *5$9,7<� 3523$1( '$7$ %$6(' 21 ���� 63(&,),& *5$9,7<�

)25 )8(/6 :,7+ ',))(5(17 63(&,),& *5$9,7< &2168/7 7+( /$7(67 (',7,21 2) 7+( 1$7,21$/ )8(/

*$6 &2'( $16, =����� DQG &$1 %����
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1RWH� $//&RQGHQVLQJPRGHOV WKDW KDYH EHHQ LQVWDOOHG
DV D GLUHFW��YHQW IXUQDFH �L�H� ZLWK FRPEXVWLRQ DLU SLSHG
GLUHFWO\ WR WKH IXUQDFH IURP RXWVLGH WKH VWUXFWXUH� 0XVW
KDYH WKH FRPEXVWLRQ ER[ FRYHU 21 �LQVWDOOHG� WR
DFFXUDWHO\ FDOFXODWH LQSXW UDWH E\ ´FORFNLQJµ WKH JDV
PHWHU �

�� &KHFN ZLWK JDV VXSSOLHU WR REWDLQ $&78$/ %78
FRQWHQW RI JDV�

�� 7X UQ ´2))µ JDV VXSS O\ WR $// R WKH U JDV
DSSOLDQFHV�

�� 2SHUDWH IXUQDFH RQ +,*+ ILUH� DQG WLPH KRZ PDQ\
VHFRQGV LW WDNHV WKH VPDOOHVW �QRUPDOO\ � FIK� GLDO
RQ WKH JDV PHWHU WR PDNH RQH FRPSOHWH UHYROXWLRQ�

�� &DOFXODWH +,*+ ILUH LQSXW UDWH E\ XVLQJ $&78$/
%78 FRQWHQW RI JDV LQ IRUPXOD VKRZQ LQ H[DPSOH�

�� 2SHUDWH IXUQDFH RQ /2: ILUH� DQG WLPH KRZ PDQ\
VHFRQGV LW WDNHV WKH VPDOOHVW �QRUPDOO\ � FIK� GLDO
RQ WKH JDV PHWHU WR PDNH RQH FRPSOHWH UHYROXWLRQ�

�� &DOFXODWH /2: ILUH LQSXW UDWH E\ XVLQJ $&78$/
%78 FRQWHQW RI JDV LQ IRUPXOD VKRZQ LQ H[DPSOH�

([DPSOH

1DWXUDO *DV
%78 &RQWHQW

1R� RI
6HFRQGV

3HU +RXU

7LPH 3HU
&XELF )RRW

LQ 6HFRQGV

%78
3HU

+RXU

����� ����� �� ������

����� [ ����� y ��  ������ %78+

/�3� 35(6685( 6:,7&+

)LJXUH � 7\SLFDO /�3� 3UHVVXUH 6ZLWFK
0RGHOV HTXLSSHG IRU RU FRQYHUWHG WR RSHUDWH RQ /�3�
*DV ZLOO QRUPDOO\ EH HTXLSSHG ZLWK DQ /�3� 3UHVVXUH
6ZLWFK� ,I VR HTXLSSHG� WKH VZLWFK ZLOO EH ORFDWHG LQ WKH
JDV VXSSO\ OLQH � LQ D´7HHµ ILWWLQJ�� MXVW DKHDG RI WKH JDV
YDOYH�

7KH SXUSRVH RI WKLV VZLWFK LV WR SUHYHQW IXUQDFH
RSHUDWLRQ XQGHU ORZ OLQH �6XSSO\� SUHVVXUH FRQGLWLRQV�
2SHUDWLQJ XQGHU ORZ OLQH SUHVVXUH FRQGLWLRQV� FDQ
FUHDWH SUREOHPV VXFK DV LQFRPSOHWH FRPEXVWLRQ�
IODVKEDFN� VRRWLQJ� HWF�

7KH VZLWFK LV D ´1RUPDOO\ 2SHQµ SUHVVXUH RSHUDWHG
VZLWFK WKDW LV ZLUHG LQ VHULHV ZLWK WKH IXUQDFH �YHQW�
SUHVVXUH VZLWFK� 7KH /�3� 3UHVVXUH 6ZLWFK FORVHV ZKHQ
OLQH �6XSSO\� SUHVVXUH LV ���µ :�&� RU KLJKHU� 7KH /�3�
3UHVVXUH 6ZLWFK 2SHQV LI OLQH SUHVVXUH IDOOV EHORZ ���µ
r ���µ :�&� LQWHUUXSWLQJ SRZHU WR WKH JDV YDOYH�

2Q $// PRGHOV� LW LV ORFDWHG �HOHFWULFDOO\� EHWZHHQ WKH
$X[LOLDU\ /LPLW 6ZLWFK DQG WKH IXUQDFH /RZ )LUH SUHVVXUH
VZLWFK�
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0$,1 %851(56

%XUQHUV XVHG LQ WKLV VHU LHV RI IXUQDFH DUH RI WKH
´,16+27µ W\SH� 7KHLU RSHUDWLRQ FDQ EH FRPSDUHG WR
WKDW RI D WRUFK LQ WKDW WKH\ SURGXFH D KDUG� VKDUS�
VRPHZKDW QRLV\ IODPH� 1RLVH VKRXOG QRW EH DQ LVVXH�
KRZHYHU� EHFDXVH RI WKH FORVHG EXUQHU ER[ XVHG RQ
&RQGHQVLQJ 0RGHOV� DQG WKH EXUQHU HQFORVXUH XVHG RQ
1RQ��&RQGHQVLQJ PRGHOV�

,Q RUGHU WR LQVXUH WKDW WKH EXUQHUV DUH RSHUDW LQJ
SURSHUO\� DQG DW WKHLU GHVLJQ QRLVH OHYHO� SURSHU
DGMXVWPHQW RI WKH JDV �PDQLIROG� SUHVVXUH LV HVVHQWLDO�
6HH SDJH � IRU IXU WKHU LQ IR UPDW LRQ RQ PDQL IROG
SUHVVXUH DGMXVWPHQW�

7KH EXUQHUV XVHG LQ WKLV VHULHV $5( 127 (48,33('
:,7+ $,5 6+877(56� DV QRQH DUH UHTXLUHG� 3URSHU
RSHUDWLRQ �IODPH FKDUDFWHULVWLFV� LV REWDLQHG E\ LQVXULQJ
WKDW WKH RULILFH VL]H� DQG PDQLIROG SUHVVXUH DUH FRUUHFW
IR U WKH IXH O EH LQJ XVHG DQG WKH D O W L W XGH R I W KH
LQVWDOODWLRQ�

0DLQ %XUQHU)LJXUH �

����������D

3,/27 %851(5

)LJXUH � 3LORW %XUQHU

3LORW %XUQHU

3LORW )ODPH

)ODPH 6HQVRU

*URXQG 6WUDS

7KH VDPH 3LORW %XUQHU LV XVHG RQ ERWK &RQGHQVLQJ DQG
1RQ��&RQGHQVLQJ PRGHOV� 7KH VL]H RI WKH 3LORW 2ULILFH�
KRZHYHU� ZLOO GHSHQG XSRQ WKH IXHO EHLQJ XVHG� $Q
����µ RULILFH LV XVHG IRU RSHUDWLRQ RQ 1DWXUDO *DV�
ZKHUHDV DQ ����µ RULILFH LV XVHG IRU RSHUDWLRQ RQ /�3�
*DV � 7KH ,JQ L W R U �) ODPH VHQVR U DVVHPE O\ LV
UHSODFHDEOH LQGHSHQGHQWO\ RI WKH SLORW EXUQHU DVVHPEO\�

3URSHU DGMXVWPHQW RI WKH SLORW IODPH LV HVVHQWLDO WR
SURSHU IODPH VHQVLQJ� DQ FRQVHTXHQWO\ WR SURSHU
RSHUDWLRQ RI WKH HTXLSPHQW� ,PSURSHU DGMXVWPHQW RI
WKH SLORW IODPH FDQ OHDG WR SLORW OLJKWLQJ� DQG�RU IODPH
VHQVLQJ SUREOHPV� $ SLORW IODPH WKDW LV DGMXVWHG WRR
ORZ PD\ QRW OLJKW FRQVLVWHQWO\� DQG�RU HQYHORS WKH
VHQVRU VXIILFLHQWO\ WR PDLQWDLQ RSHUDWLRQ� $ SLORW IODPH
WKDW LV DGMXVWHG WRR KLJK PD\ EHFRPH YHU\ XQVWDEOH
FDXV L QJ L W W R EH E O RZQ RXW � DQG � RU PD\ FDXVH
SUHPDWXUH FDUERQ EXLOG��XS RQ WKH IODPH VHQVRU

7KH SLORW IODPH PXVW EH DGMXVWHG VR WKDW LW HQYHORSV
%27+ WKH )ODPH 6HQVRU� $1' WKH *URXQG 6WUDS RI WKH
SLORW EXUQHU DVVHPEO\� :KHQ DGMXVWHG SURSHUO\� WKH
SLORW IODPH VKRXOG HQYHORS DSSUR[LPDWHO\ ���µ WR ���µ RI
WKH IODPH VHQVRU�
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&+(&.,1* 7(03(5$785( 5,6(

)LJXUH �� &KHFNLQJ 7HPSHUDWXUH 5LVH

7KHUPRPHWHU�
5HWXUQ $LU
7HPS�

7KHUPRPHWHU�
6XSSO\ $LU 7HPS�

5HWXUQ

6XSSO\

$LU )ORZ

$LU )ORZ

7KH 7ZR 6WDJH IXUQDFH LV GHVLJQHG WR RSHUDWH ZLWKLQ D
FHUWDLQ VSHFLILHG UDQJH RI WHPSHUDWXUH ULVH�

2SHUDWLQJ WKH IXUQDFH RXWVLGH WKH VSHFLILHG UDQJH PD\
UHVXOW LQ ORZHU HIILFLHQF\ DQG�RU FRPIRUW OHYHOV� DV ZHOO
DV SUHPDWXUH FRPEXVWLRQ FRPSRQHQW IDLOXUHV�

6LPSO\ VWDWHG� WKH WHPSHUDWXUH ULVH WKURXJK WKH IXUQDFH
LV WKH GLIIHUHQFH LQ WHPSHUDWXUH EHWZHHQ WKH UHWXUQ DLU�
DQG WKH VXSSO\ DLU�

127(� %()25( &+(&.,1* 7(03(5$785( 5,6(
%( &(57$,1 7+$7 0$1,)2/' 35(6685( ,6
3523(5/< $'-867(' )25 %27+ +,*+ $1' /2:
),5( 23(5$7,21�

7HPSHUD WXUH 5LVH FDQ EH FKHFNHG E\ S ODF LQJ D
WKHUPRPHWHU LQ WKH UHWXUQ DLU GXFW DV FORVH WR WKH
IXUQDFH DV SRVVLEOH� 3ODFH D VHFRQG WKHUPRPHWHU LQ
WKH VXSSO\ GXFW DW OHDVW WZR ��� IHHW DZD\ IURP WKH
IXUQDFH� �7KLV ZLOO SUHYHQW DQ\ IDOVH UHDGLQJV FDXVHG
E\ UDGLDWLRQ IURP WKH IXUQDFH KHDW H[FKDQJHU� 0DNH
VX UH W KD W WKH ) ,/7(5 ,6 &/($1 DQG WKDW $//
5(*,67(56 $1'�25 '$03(56 $5( 23(1�

$//2:$%/( 7(03(5$785( 5,6(

9$5,$%/( 63((' &21'(16,1*

02'(/6

0RGHO 5DQJH

�� 0EWX� �� 0EWX� 	 ��� 0EWX ��q) �� ��q)

��� 0EWX ��q) �� ��q)

2SHUDWH WKH IXUQDFH IRU �� PLQXWHV EHIRUH WDNLQJ
WHPSHUD WXUH UHDG LQJV � 6XEW UDF W WKH UH WXUQ D L U
WHPSHUDWXUH IURP WKH VXSSO\ DLU WHPSHUDWXUH� 7KH
UHVXOW LV WKH WHPSHUDWXUH ULVH� &RPSDUH ZLWK WKH
DOORZDEOH ULVH OLVWHG IRU WKH )LULQJ UDWH DQG PRGHO �VL]H�
\RX DUH FKHFNLQJ�

$//2:$%/( 7(03(5$785( 5,6(

� 63((' &21'(16,1* 02'(/6

0RGHO )LUH 5DQJH

�� 0EWX� �� 0EWX� 	 ���
+, ��q) �� ��q)

�� 0EWX� �� 0EWX� 	 ���
0EWX /2: ��q) �� ��q)

��� 0EWX
+, ��q) �� ��q)

��� 0EWX
/2: ��q) �� ��q)

$//2:$%/( 7(03(5$785( 5,6(

121��&21'(16,1* 02'(/6

0RGHO 5DQJH

�� 0EWX 	 �� 0EWX ��q) �� ��q)

��� 0EWX ��q) �� ��q)

��� 0EWX ��q) �� ��q)

,I WKH ULVH LV QRW ZLWKLQ WKH VSHFLILHG UDQJH� LW ZLOO EH
QHFHVVDU\ WR FKDQJH WKH KHDWLQJ EORZHU VSHHG� ,I WKH
ULVH LV WRR KLJK� LW ZLOO EH QHFHVVDU\ WR LQFUHDVH WKH
EORZHU VSHHG � , I WKH U L VH LV WRR ORZ� L W Z L O O EH
QHFHVVDU\ WR UHGXFH WKH EORZHU VSHHG�

([DPSOH�

6XSSO\ 7HPS� ��� GHJUHHV

5HWXUQ 7HPS� �� GHJUHHV

7HPSHUDWXUH 5LVH ��� GHJUHHV  7RR +LJK

6ROXWLRQ� ,QFUHDVH %ORZHU 6SHHG
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5220 7+(50267$76

5RRP WKHUPRVWDWV DUH DYDLODEOH IURP VHYHUDO GLIIHUHQW
PDQXIDFWXUHUV LQ D ZLGH YDULHW\ RI VW\OHV� 7KH\ UDQJH
IURP WKH YHU\ VLPSOH DQG LQH[SHQVLYH %L��PHWDOOLF W\SH
WR WKH FRPSOH[ DQG FRVWO\ HOHFWURQLF VHW��EDFN W\SH� ,Q
DOO FDVHV� QR PDWWHU KRZ VLPSOH RU FRPSOH[� WKH\ DUH
VLPSO\ D VZLWFK �RU VHULHV RI VZLWFKHV� GHVLJQHG WR WXUQ
HTXLSPHQW �RU FRPSRQHQWV� ´21µ RU ´2))µ DW WKH
GHVLUHG FRQGLWLRQV�

)LJXUH �� 7KHUPRVWDW /RFDWLRQ

� IW�

'5$)76

681

7+(50267$7

/,*+7

6+,(/'

$Q LPSURSHUO\ RSHUDW LQJ� RU SRRUO\ ORFDWHG URRP
WKHUPRVWDW FDQ EH WKH VRXUFH RI SHUFHLYHG HTXLSPHQW
SUREOHPV� $ FDUHIXO FKHFN RI WKH WKHUPRVWDW DQG ZLULQJ
PXVW EH PDGH WKHQ WR LQVXUH WKDW LW LV QRW WKH VRXUFH RI
SUREOHPV�

/2&$7,21

7KH WKHUPRVWDW VKRXOG QRW EH PRXQWHG ZKHUH LW PD\ EH
DIIHFWHG E\ GUDIWV� GLVFKDUJH DLU IURP UHJLVWHUV �KRW RU
FROG�� RU KHDW UDGLDWHG IURP WKH VXQ RU DSSOLDQFHV�

7KH WKHUPRVWDW VKRXOG EH ORFDWHG DERXW � )W� DERYH WKH
IORRU LQ DQ DUHD RI DYHUDJH WHPSHUDWXUH� ZLWK JRRG DLU
FLUFXODWLRQ� 1RUPDOO\� DQ DUHD LQ FORVH SUR[LPLW\ WR WKH
UHWXUQ DLU JULOOH LV WKH EHVW FKRLFH�

0HUFXU\ EXOE W\SH WKHUPRVWDWV 0867 EH OHYHO WR
FRQWURO WHPSHUDWXUH DFFXUDWHO\ WR WKH GHVLUHG VHW��SRLQW�
(OHFWURQLF GLJLWDO W\SH WKHUPRVWDWV 6+28/' EH OHYHO
IRU DHVWKHWLFV�

+($7 $17,&,3$7256

+HDW DQWLFLSDWRUV DUH VPDOO UHVLVWDQFH KHDWHUV EXLOW LQWR
PRVW HOHFWUR��PHFKDQLFDO WKHUPRVWDWV� 7KHLU SXUSRVH LV
WR SUHYHQW ZLGH VZLQJV LQ URRP WHPSHUDWXUH GXULQJ
IXUQDFH RSHUDWLRQ�

,Q RUGHU WR DFFRPSOLVK WKLV� WKH KHDW RXWSXW IURP WKH
DQWLFLSDWRU PXVW EH WKH VDPH UHJDUGOHVV RI WKH FXUUHQW
IORZLQJ WKURXJK LW� &RQVHTXHQWO\� PRVW WKHUPRVWDWV
KDYH DQ DGMXVWPHQW WR FRPSHQVDWH IRU YDU\LQJ FXUUHQW
GUDZ LQ WKH WKHUPRVWDW FLUFXLW�

7KH SURSHU VHWWLQJ RI KHDW DQWLFLSDWRUV WKHQ LV LPSRUWDQW
WR LQVXUH SURSHU WHPSHUDWXUH FRQWURO DQG FXVWRPHU
VDWLVIDFWLRQ�

7KH EHVW PHWKRG WR REWDLQ WKH UHTXLUHG VHWWLQJ IRU WKH
KHDW DQWLFLSDWRU� LV WR PHDVXUH WKH DFWXDO FXUUHQW GUDZ
LQ WKH FRQWURO FLUFXLW �´:µ� XVLQJ D ORZ UDQJH �������
$PSV� $PPHWHU� �6HH )LJXUH ��� $IWHU PHDVXULQJ WKH
FXUUHQW GUDZ� VLPSO\ VHW WKH KHDW DQWLFLSDWRU WR PDWFK
WKDW YDOXH�

)LJXUH �� 0HDVXULQJ &XUUHQW 'UDZ

$PPHWHU

:

5

6XE��EDVH

$PSV

,I D ORZ UDQJH DPPHWHU LV QRW DYDLODEOH� D ´&ODPS��RQµ
W\SH DPPHWHU PD\ EH XVHG DV IROORZV�

�� :UDS (;$&7/< WHQ ���� WXUQV RI ZLUH DURXQG WKH
MDZV RI D FODPS��RQ W\SH DPPHWHU�

�� &RQQHFW RQH HQG RI WKH ZLUH WR WKH ´:µ WHUPLQDO RI
WKH WKHUPRVWDW VXE��EDVH� DQG WKH RWKHU WR WKH ´5µ
WHUPLQDO�
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�� 7XUQ SRZHU RQ� DQG ZDLW DSSUR[LPDWHO\ � PLQXWH�
WKHQ UHDG PHWHU�

�� ' LY LGH PHWHU UHDG LQJ E\ �� WR REWD LQ FRUUHF W
DQWLFLSDWRU VHWWLQJ�

127(� )RU � 6WDJH KHDWLQJ WKHUPRVWDWV WKH DERYH
SURFHGXUH 0867 EH SHUIRUPHG WZLFH� 2QFH IRU
ILUVW VWDJH �:��� DQG RQFH IRU VHFRQG VWDJH �:��� LI
ERWK VWDJHV KDYH DGMXVWDEOH KHDW DQWLFLSDWRUV�

,I DQ DPPHWHU LV QRW DYDLODEOH� D VHWWLQJ RI ���� DPSV
PD\ EH XVHG� 7KLV LV DQ $3352;,0$7( VHWWLQJ� ,W

VKRXOG� KRZHYHU� SURYLGH VDWLVIDFWRU\ RSHUDWLRQ LQ
PRVW FDVHV�

(OHFWURQLF WKHUPRVWDWV GR QRW XVH D UHVLVWDQFH W\SH
DQWLFLSDWRU� 7KHVH WKHUPRVWDWV XVH D PLFURSURFHVVRU
�FRPSXWHU� WKDW GHWHUPLQHV D F\FOH UDWH EDVHG RQ D
SURJUDP ORDGHG LQWR LW DW WKH IDFWRU\�

7KHVH F\FOH UDWHV DUH QRUPDOO\ ILHOG DGMXVWDEOH IRU
G L I I H U HQ W W \SHV R I HTX L SPHQW � 7KH PH WKRG RI
DGMXVWPHQW� KRZHYHU� YDULHV IURP RQH WKHUPRVWDW
PDQXIDFWXUHU WR DQRWKHU� &KHFN ZLWK WKH WKHUPRVWDW
PDQXIDFWXUHU WR ILQG RXW WKH SURSHU ZD\ RI DGMXVWLQJ WKH
F\FOH UDWH�

&21752/ :,5,1*

&RQ W U R O Z L U L QJ L V DQ LPSRU WDQ W SD U W R I W KH W R W D O
HTXLSPHQW LQVWDOODWLRQ� VLQFH LW SURYLGHV WKH YLWDO
FRPPXQLFDWLRQV OLQN EHWZHHQ WKH WKHUPRVWDW� DQG WKH
HTXLSPHQW� ,W LV RIWHQ RYHUORRNHG DV WKH VRXUFH RI
HTXLSPHQW PDOIXQFWLRQV� &RQWURO ZLULQJ WKDW LV HLWKHU
WRR ORQJ� XQGHUVL]HG� RU LPSURSHUO\ FRQQHFWHG �EH LW
VLPSO\ ORRVH� RU RQ WKH ZURQJ WHUPLQDO� FDQ LQ IDFW EH
WKH VRXUFH RI PDQ\ HTXLSPHQW SUREOHPV�

$/:$<6 FKHFN WR PDNH VXUH WKDW WKH FRQWURO ZLULQJ LV
FRQQHFWHG WR WKH SURSHU WHUPLQDO�V� RI WKH HTXLSPHQW
DQG WKHUPRVWDW \RX DUH XVLQJ� 5HPHPEHU� DOVR� WKDW
WKHUPRVWDW WHUPLQDOV DUH QRW DOZD\V LGHQWLILHG DOLNH E\
GLIIHUHQW WKHUPRVWDW PDQXIDFWXUHUV� &RQQHFWLRQV
0867 EH F OHDQ DQG W LJKW WR LQVXUH W URXEOH�� IUHH
RSHUDWLRQ�

7KH FRQWUROV RI WKLV VHULHV RI ���6WDJH IXUQDFHV DUH
GHVLJQHG WR SURYLGH ���6WDJH RSHUDWLRQ XVLQJ D 7ZR ���
6WDJH 7KHUPRVWDW� 21/< DV IROORZV�

7KH 5 � :�� 	 :� ZLUHV IURP WKH URRP WKHUPRVWDW
FRQQHFW WR WKH 5 � :�� 	 :� WHUPLQDOV RI WKH )DQ
7LPHU�)XUQDFH &RQWURO� :LWK D FDOO IRU �VW VWDJH KHDW
�5 	 :��� WKH IXUQDFH ZLOO �DIWHU LWV LQLWLDO VWDUW��XS RQ
+LJK� RSHUDWH RQ /2: ILUH XQWLO WKH FDOO IRU +HDW HQGV�
RU WKHUH LV D FDOO IRU �QG VWDJH �:�� RSHUDWLRQ� :LWK D
FDOO IRU �QG VWDJH KHDW �5� :� 	 :��� WKH IXUQDFH ZLOO
RSHUDWH RQ +,*+ ILUH XQWLO WKH FDOO IRU �QG VWDJH HQGV�
�DW ZKLFK WLPH LW ZLOO UHWXUQ WR /2: ILUH RSHUDWLRQ� RU
XQWLO WKH FDOO IRU +HDW HQGV�

7KH (/(&7521,& &21752/6 XVHG RQ WKLV VHULHV
5(6321' ',))(5(17/< WR FHUWDLQ FRQWURO ZLULQJ
SUDFWLFHV ZKLFK KDYH EHHQ JHQHUDOO\ DFFHSWHG LQ WKH
+9$& LQGXVWU\ IRU PDQ\ \HDUV�

)RU ([DPSOH� )RU \HDUV� LQVWDOOHUV KDYH UXQ D ZLUH IURP
WKH ´<µ WHUPLQDO RI WKH URRP WKHUPRVWDW DQG FRQQHFWHG
LW GLUHFWO\ WR WKH FRQWDFWRU FRLO RI D FRQGHQVLQJ XQLW� �QRW
PDNLQJ DQ\ FRQQHFWLRQ WR WKH IXUQDFH ZLWK WKLV ZLUH�
7KHQ� UXQ WKH ORZ YROWDJH ´&RPPRQµ ZLUH IURP WKH
FRQGHQVLQJ XQLW EDFN WR WKH ´&µ WHUPLQDO RI WKH IXUQDFH�

:LWK WKH +21(<:(// 67����$ HOHFWURQLF )DQ
7LPHU�)XUQDFH &RQWURO XVHG LQ WKH PRGHOV RI WKLV
VHULHV� KRZHYHU� WKH ´<µ WHUPLQDO RI WKH IXUQDFH GRHV LQ
IDFW VHUYH D SDUWLFXODU SXUSRVH� )DLOXUH WR FRQQHFW LW
ZLOO UHVXOW LQ FHUWDLQ LPSURSHU RSHUDWLRQ DV IROORZV�

7KH &22/,1* IDQ VSHHG LV HQHUJL]HG YLD WKH ´<µ
WHUPLQDO� )DLOXUH WR FRQQHFW WKH WKHUPRVWDW ´<µ
WHUPLQDO WR WKH ´<µ WHUPLQDO RQ WKH FRQWURO ZLOO UHVXOW LQ
WKH IDLOXUH WR HQHUJL]H WKH &22/,1* VSHHG RQ D FDOO
IRU FRROLQJ IURP WKH WKHUPRVWDW� �'HSHQGLQJ XSRQ WKH
PRGH O � H L WKHU W KH /2: +($7 ,1* VSHHG RU W KH
&,5&8/$7,1* VSHHG ZLOO EH HQHUJL]HG LQVWHDG YLD WKH
´*µ WHUPLQDO�

)RU PRUH GHWDLOHG LQIRUPDWLRQ DERXW WKLV FRQWURO� VHH
WKH VHFWLRQ RQ WKH 67����$ FRQWURO EHJLQQLQJ RQ SDJH
�� RI WKLV PDQXDO�
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/,0,7 6:,7&+(6

7KUHH ��� GLIIHUHQW NLQGV RI OLPLW VZLWFKHV DUH XVHG RQ
WKLV VHULHV RI IXUQDFH� 7KH\ DUH WKH PDLQ OLPLW� UROO RXW
OLPLW� DQG DX[LOLDU\ OLPLW VZLWFKHV�

127(� $OO OLPLW VZLWFKHV DUH VDIHW\ GHYLFHV DQG
RWKHU WKDQ IRU WHVWLQJ SXUSRVHV� VKRXOG QHYHU EH
MXPSHG RXW� /LPLW VZLWFKHV DUH ´QRUPDOO\ FORVHGµ
HOHFWU LFDO VZLWFKHV� GHVLJQHG WR RSHQ ZKHQ WKHLU
SUHGHWHUPLQHG ´OLPLW VHWWLQJµ KDV EHHQ UHDFKHG�

,W VKRXOG DOVR EH UHPHPEHUHG� WKDW ZKHQ D OLPLW VZLWFK
RSHQV� LW PRUH WKDQ OLNHO\ LV QRW GXH WR D EDG VZLWFK�
7KH FDXVH RI WKH RSHQLQJ OLPLW PXVW EH IRXQG DQG
FRUUHFWHG� EHIRUH WKH IXUQDFH FDQ UHVXPH SURSHU
RSHUDWLRQ�

:$51,1*

)LUH KD]DUG�

/LPLW FRQWUROV DUH IDFWRU\ SUHVHW DQG 0867
127 EH DGMXVWHG� 8VH 21/< PDQXIDFWXUHU·V
DXWKRUL]HG UHSODFHPHQW SDUWV�

)DLOXUH WR GR VR FDQ UHVXOW LQ SHUVRQDO LQMXU\
DQG�RU GHDWK�

7KH VSHFLILF IXQFWLRQV RI WKH 7KUHH ��� OLPLW
VZLWFKHV XVHG LQ WKLV VHULHV RI IXUQDFHV DUH DV
IROORZV�

0$,1 /,0,7 6:,7&+

$ ´1RUPDO O\ & ORVHGµ VZLWFK ORFDWHG RQ WKH IURQW
SDU W L W LRQ R I WKH IX UQDFH� , W PRQ L WR UV VXSS O\ D L U
WHPSHUDWXUH� DQG LQWHUUXSWV IXUQDFH �EXUQHU� RSHUDWLRQ
ZKHQ D VXSSO\ DLU WHPSHUDWXUH LV VHQVHG ZKLFK ZRXOG
UHVXOW LQ WKH IXUQDFH H[FHHGLQJ 0D[LPXP DOORZDEOH
RXWOHW DLU WHPSHUDWXUH� :KLOH WKH PDLQ OLPLW LV RSHQ� WKH
FRPEXVWLRQ EORZHU� DQG WKH FLUFXODWLQJ EORZHU ZLOO EH
HQHUJL]HG FRQWLQXRXVO\� 7KLV FRQWURO LV DQ ´$XWRPDWLFµ
UH VH W FRQ W U R O � ZK L FK Z L O O U HVH W L WV H O I ZKHQ WKH
WHPSHUDWXUH VHQVHG GURSV WR D VDIH OHYHO�

,I IXUQDFH �EXUQHU� F\FOHV RQ WKLV OLPLW VZLWFK� �,�(�
VZLWFK RSHQV DQG FORVHV GXULQJ IXUQDFH RSHUDWLRQ� LW LV
PRUH WKDQ OLNHO\ GXH WR D KLJK WHPSHUDWXUH ULVH WKURXJK
WKH IXUQDFH� �6HH FKHFNLQJ WHPSHUDWXUH ULVH RQ SDJH
�� RI WKLV PDQXDO�

+LJK WHPSHUDWXUH ULVH FDQ EH FDXVHG E\ HLWKHU 29(5
),5,1* �KLJK PDQLIROG SUHVVXUH� LQFRUUHFW RULILFHV� HWF��
RU /2: $,5 )/2: �GLUW\ ILOWHU� EORZHU VSHHG WRR ORZ�
H[FHVVLYH VWDWLF LQ GXFW V\VWHP� HWF��

)LJXUH �� 7\SLFDO /LPLW 6ZLWFKHV

7R YHULI\ WKLV� WKH FXW��RXW �RSHQLQJ� SRLQW RI WKH VZLWFK
VKRXOG EH FKHFNHG �XVLQJ D WKHUPRFRXSOH W\SH
WKHUPRPHWHU FRQQHFWHG WR WKH IDFH RI WKH VZLWFK� DV
IROORZV�

�� 2SHUDWH IXUQDFH IRU VHYHUDO PLQXWHV�

�� %ORFN UHWXUQ DLU JULOOH�V� WR IXUQDFH�

�� 2EVHUYH WHPSHUDWXUH DW ZKLFK VZLWFK RSHQV �EXUQHU
RSHUDWLRQ FHDVHV��

�� 5HPRYH EORFNDJH IURP UHWXUQ JULOOH�V��

�� 2EVHUYH WHPSHUDWXUH DW ZKLFK VZLWFK FORVHV �EXUQHU
RSHUDWLRQ UHVXPHV��

�� &RPSDUH UHDGLQJV ZLWK WKH OLPLW VHWWLQJ OLVWHG LQ WKH
DSSURSULDWH FKDUW IRU WKH PRGHO \RX DUH VHUYLFLQJ�

0$,1 /,0,7 6:,7&+(6 �� &21'(16,1* 02'(/6

02'(/ 23(1 &/26( 3$57 �

�� 0EWX ���q) r �q ���q r �q �������

�� 0EWX ���q) r �q ���q r �q ��������

��� 0EWX
�9DULDEOH 6SHHG�

���q) r �q ���q r �q �������

��� 0EWX
�� 6SHHG�

���q) r �q ���q r �q �������

��� 0EWX ���q) r �q ���q r �q �������

,I VZLWFK LV RSHQLQJ ZLWKLQ WKH VSHFLILHG UDQJH� WKHQ LW LV
V LPS O \ GR LQJ L W V M RE � DQG WKH FDXVH R I W KH
RYHU��WHPSHUDWXUH PXVW EH GHWHUPLQHG DQG FRUUHFWHG�
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, I � KRZHYH U� W KH VZ L W FK L V I RXQG WR EH RSHQ L QJ
SUHPDWXUH O\� WKHQ LW VKRXOG EH UHS ODFHG� :KHQ
UHSODFLQJ $1< OLPLW VZLWFK� XVH 21/< D VZLWFK RI
(;$&7/< WKH VDPH WHPSHUDWXUH VHWWLQJ� 8VH RI D
GL I IH UHQW WHPSHUD WXUH O LP LW VZ L WFK FDQ FUHDWH D
GDQJHURXV VLWXDWLRQ� 6RPH RI WKH PDLQ OLPLW VZLWFKHV
XVHG LQ WKLV VHULHV DUH 6,0,/$5 ,1 $33($5$1&(�
',))(5(17 7(03(5$785( 6(77,1*6�
+2:(9(5� $5( 86(' IRU GLIIHUHQW PRGHOV� %H
FHUWDLQ \RX KDYH WKH FRUUHFW FRQWURO IRU WKH PRGHO \RX
DUH VHUYLFLQJ�

0$,1 /,0,7 6:,7&+(6 �� 121��&21'(16,1*

02'(/6

02'(/ 23(1 &/26( 3$57 �

�� 0EWX ���q) r �q ���q r �q �������

�� 0EWX ���q) r �q ���q r �q ��������

��� 0EWX
�� 7RQ�

���q) r �q ���q r �q �������

��� 0EWX
�� 7RQ�

���q) r �q ���q r �q �������

��� 0EWX ���q) r �q ���q r �q �������

$8;,/,$5< /,0,7 6:,7&+

$OO PRGHOV DUH HTXLSSHG ZLWK DQ DGGLWLRQDO �$8;,/,$5<�
OLPLW VZLWFK PRXQWHG RQ WKH EORZHU KRXVLQJ� ,WV SXUSRVH
LV WR PRQLWRU UHWXUQ DLU WHPSHUDWXUH� DQG LQWHUUXSW EXUQHU
RSHUDWLRQ ZKHQ D WHPSHUDWXUH LV VHQVHG ZKLFK FRXOG
UHVXOW LQ WKH ILOWHU VXUIDFH�V� H[FHHGLQJ DOORZDEOH
WHPSHUDWXUHV�

$8;,/,$5< /,0,7 6:,7&+(6 �� $// 02'(/6

02'(/ 23(1 &/26( 3$57 �

$// ���q) r �q ���q) r �q �������

7KLV VZLWFK LV ZLUHG LQ VHULHV ZLWK WKH /2: SUHVVXUH
VZLWFK� :KLOH WKH DX[LOLDU\ OLPLW VZLWFK UHPDLQV RSHQ WKH
FRPEXVWLRQ EORZHU� DQG�RU FLUFXODWLQJ EORZHU ZLOO EH
GLVDEOHG �GH��HQHUJL]HG� DQG WKH JDV YDOYH ZLOO GLVSOD\
�)ODVK� DQ HUURU FRGH �� 7KH DX[LOLDU\ OLPLW VZLWFK LV DQ
´$XWRPDWLFµ UHVHW FRQWURO ZKLFK ZLOO UHVHW LWVHOI ZKHQ
WKH WHPSHUDWXUH GURSV WR D VDIH OHYHO�

52// 287 /,0,7 6:,7&+

$ ´1RUPDOO\ &ORVHGµ VZLWFK �ZLUHG LQ VHULHV ZLWK WKH
0DLQ /LPLW VZLWFK� PRXQWHG RQ WKH EXUQHU ER[ RU EXUQHU
HQFORVXUH�

7KH UROO RXW VZLWFK PRQLWRUV WKH WHPSHUDWXUH LQVLGH WKH
EXUQHU ER[� DQG LQWHUUXSWV IXUQDFH �EXUQHU� RSHUDWLRQ
ZKHQ LWV WHPSHUDWXUH LQGLFDWHV IODPH UROO RXW KDV
RFFXUUHG�

7KLV VZLWFK LV RI WKH PDQXDO UHVHW W\SH� DQG PXVW EH
´0DQXDOO\ 5HVHWµ �E\ SUHVVLQJ WKH UHG EXWWRQ ORFDWHG RQ
WKH VZLWFK� RQFH LW RSHQV� :KLOH WKH UROO RXW VZLWFK LV
RSHQ WKH FRPEXVWLRQ EORZHU DQG�RU FLUFXODWLQJ EORZHU
ZLOO EH HQHUJL]HG FRQWLQXRXVO\�

,I WKH UROO RXW VZLWFK KDV RSHQHG� WKH FDXVH PXVW EH
GHWHUPLQHG� 6RPH SRVVLEOH UHDVRQV IRU IODPH UROO RXW
LQF OXGH D UHV W U LF WHG SULPDU\ RU VHFRQGDU\ KHDW
H[FKDQJHU RU RYHU ILUHG IXUQDFH�

�

1(9(5XVHDQ DXWRPDWLF UHVHW UROO RXW VZLWFK
WR UHSODFH DPDQXDO UHVHW W\SH UROO RXW VZLWFK�

'RLQJVRPD\ FDXVHSRWHQWLDOO\ XQVDIH DQG�RU
LQWHUPLWWHQW RSHUDWLRQ�

'LIIHUHQW WHPSHUDWXUH �23(1,1*� VHWWLQJV DUH XVHG
GHSHQGLQJ XSRQ WKH SDUWLFXODU PRGHO DQG�RU IDPLO\�
:KHQ UHSODFLQJ WKLV VZLWFK� EH DEVROXWHO\ FHUWDLQ WKH
FRUUHFW VZLWFK LV XVHG� 6HH WKH FKDUW IRU WKH PRGHO \RX
DUH VHUYLFLQJ� WR REWDLQ LWV VSHFLILF 5ROO��2XW OLPLW VZLWFK
VHWWLQJ�

52// 287 6:,7&+(6 �� 121��&21'(16,1* 02'(/6

02'(/ 23(1 &/26( 3$57 �

$// ���q) r ��q 0$18$/ �������

52// 287 6:,7&+(6 �� &21'(16,1* 02'(/6

02'(/ 23(1 &/26( 3$57 �

�� 0EWX ���q) r ��q 0$18$/ �������

�� 0EWX�
��� 0EWX�
��� 0EWX

���q) r ��q 0$18$/ �������
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35(6685( 6:,7&+(6

$LU SURYLQJ VZLWFKHV �SUHVVXUH VZLWFKHV� DUH XVHG RQ
DOO PRGHOV WR LQVXUH WKDW D GUDIW KDV EHHQ HVWDEOLVKHG
WKURXJK WKH KHDW H[FKDQJHU�V� EHIRUH DOORZLQJ EXUQHU
RSHUDWLRQ�

)LJXUH �� 6LQJOH 3RUW 3UHVVXUH 6ZLWFKHV

1RQ��&RQGHQVLQJ 0RGHOV XVH WZR ��� VLQJOH WDS �SRUW�
VZ L WFKHV W KD W DU H FRQQHF WHG LQ W DQGHP WR W KH
FRPEXVWLRQ EORZHU� 7KH\ VHQVH WKH QHJDWLYH SUHVVXUH
FUHDWHG E\ WKH FRPEXVWLRQ EORZHU ZKLFK LQGLFDWHV WKDW
VXIILFLHQW GUDIW LV SUHVHQW LQVLGH RI WKH IOXH�

$OO 1RQ��&RQGHQVLQJ PRGHOV XVH WKH VDPH �VHWWLQJ�
+,*+ SUHVVXUH VZLWFKHV� DQG WKH VDPH �VHWWLQJ� /2:
SUHVVXUH VZLWFKHV� +LJK DOWLWXGH VZLWFKHV DUH QRW
UHTXLUHG RQ WKHVH PRGHOV� DV KLJK DOWLWXGH FRQYHUVLRQ
LV DFFRPSOLVKHG YLD FKDQJLQJ WKH LQOHW DLU UHVWULFWRU
�VHH )LJXUH ����

121��&21'(16,1* 02'(/6

+,*+ 	 /2: 35(6685( 6:,7&+(6

6:,7&+ 0$;�

&/26(

23(1 3$57 �

+,*+ �����µ :�&� ����� r ����µ :�&� �������

/2: �����µ :�&� ����� r ����µ :�&� �������

&RQGHQVLQJ 0RGHOV XVH WZR ��� GXDO WDS �SRUW �
´'LIIHUHQWLDOµ W\SH VZLWFKHV� 7KH +,*+ SUHVVXUH VZLWFK
VHQVHV WKH GLIIHUHQWLDO LQ QHJDWLYH SUHVVXUH EHWZHHQ
WKDW FUHDWHG E\ �DW� WKH FRPEXVWLRQ EORZHU� DQG WKDW
ZKLFK LV SUHVHQW LQVLGH WKH EXUQHU ER[ RI WKH IXUQDFH�
7KH /2: SUHVVXUH VZLWFK VHQVHV WKH GLIIHUHQWLDO LQ
QHJDW LYH SUHVVXUH EHWZHHQ WKH EXUQHU ER[ RI WKH
IXUQDFH DQG WKH WUDQVLWLRQ DVVHPEO\� ,Q KRUL]RQWDO

DSSOLFDWLRQV� WKH /2: SUHVVXUH VZLWFK DOVR VHUYHV DV D
EORFNHG FRQGHQVDWH GUDLQ VDIHW\ VZLWFK�

)LJXUH �� 'LIIHUHQWLDO 3UHVVXUH 6ZLWFK

$OO FRQGHQVLQJ PRGHOV XVH WKH VDPH �VHWWLQJ� +,*+
SUHVVXUH VZLWFK� HDFK PRGHO�KRZHYHU� XVHV D GLIIHUHQW
�VHWWLQJ� /2: SUHVVXUH VZLWFK� +LJK DOWLWXGH VZLWFKHV
�ZKHQ UHTXLUHG� DUH DOVR GLIIHUHQW IRU HDFK PRGHO�

&21'(16,1* 02'(/6

67$1'$5' +,*+ 35(6685( 6:,7&+(6

02'(/ 0$;�

&/26(

23(1 3$57 �

$// ������µ :�&� ������ r ����µ :�&� �������

&21'(16,1* 02'(/6

67$1'$5' /2: 35(6685( 6:,7&+(6

02'(/ 0$;�

&/26(

23(1 3$57 �

�� 0EWX ������µ :�&� ����� r ����µ :�&� �������

�� 0EWX �����µ :�&� ����� r ����µ :�&� �������

��� 0EWX �����µ :�&� ����� r ����µ :�&� �������

��� 0EWX
�9DULDEOH
6SHHG�

������µ :�&� ����� r ����µ :�&�� �������

��� 0EWX
�� �� 6SHHG�

������µ :�&� ������ r ����µ :�&� �������

7R LQVXUH FRQWLQXHG 6$)(� 5(/,$%/(� RSHUDWLRQ�
1(9(5 68%67,787( D SUHVVXUH VZLWFK ZLWK RQH WKDW
LV VLPLODU LQ DSSHDUDQFH� 21/< )$&725< 3529,'('
RU $87+25,=(' 68%67,787(6 $5( $&&(37$%/(�
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$OO &RQGHQVLQJ PRGHOV LQVWDOOHG DW DOWLWXGHV RI �����
)W� DERYH VHD OHYHO RU KLJKHU UHTXLUH UHSODFLQJ WKH
VWDQGDUG SUHVVXUH VZLWFK ZLWK D KLJK DOWLWXGH SUHVVXUH
VZLWFK� 7KH GLIIHUHQW SUHVVXUH VZLWFK VHWWLQJV DOORZ
FRQWLQXHG 6$)(� 5(/,$%/(� KLJK DOWLWXGH RSHUDWLRQ�

&21'(16,1* 02'(/6

+,*+ $/7,78'( +,*+ 35(6685( 6:,7&+(6

02'(/ 0$;�

&/26(

23(1 3$57 �

$// ������µ :�&� ������µ r ����µ :�&� �������

&21'(16,1* 02'(/6

+,*+ $/7,78'( /2: 35(6685( 6:,7&+(6

02'(/ 0$;�

&/26(

23(1 3$57 �

�� 0EWX �����µ :�&� ����� r ����µ :�&� �������

�� 0EWX �����µ :�&� ����� r ����µ :�&� �������

��� 0EWX �����µ :�&� ����� r ����µ :�&� �������

��� 0EWX
�9DULDEOH
6SHHG�

�����µ :�&� ����� r ����µ :�&� �������

��� 0EWX
�� �� 6SHHG�

������µ :�&� ����� r ����µ :�&� �������

8QGHU QRUPDO RSHUDWLQJ FRQGLWLRQV� VXIILFLHQW QHJDWLYH
SUHVVXUH ZLOO EH FUHDWHG WR FORVH WKH SUHVVXUH VZLWFK�

DQG NHHS LW FORVHG WR NHHS IXUQDFH RSHUDWLQJ� 8QGHU
DEQRUPDO FRQGLWLRQV� KRZHYHU� VXFK DV D UHVWULFWHG
YHQW SLSH� RU D OHDN LQ RQH RI WKH KHDW H[FKDQJHUV�
VXIILFLHQW QHJDWLYH SUHVVXUH ZLOO QRW EH FUHDWHG� 7KLV
ZLOO UHVXOW LQ WKH VZLWFK IDLOLQJ WR FORVH RU IDLOLQJ WR
UHPDLQ FORVHG GXULQJ IXUQDFH RSHUDWLRQ�

:KHQ VHUYLFLQJ D XQLW ZKRVH SUHVVXUH VZLWFK ZLOO QRW
FORVH� RU UHPDLQ FORVHG GXULQJ RSHUDWLRQ� WKH RSHUDWLQJ
SUHVVXUHV RI WKDW IXUQDFH VKRXOG EH FKHFNHG DQG
FRPSDUHG WR DSSUR[LPDWH RSHUDWLQJ SUHVVXUHV OLVWHG LQ
7DEOH � DQG WKH VZLWFK VHWWLQJ�V� OLVWHG DERYH IRU WKH
PRGHO IDPLO\ \RX DUH VHUYLFLQJ�

,W LV LPSRUWDQW WR UHPHPEHU� WKDW JUHDWHU QHJDWLYH
SUHVVXUHV DUH FUHDWHG E\ WKH IXUQDFH ZKHQ ´&ROGµ �,�(�
XSRQ LQLWLDO VWDUW��XS� WKDQ ZKHQ ´+RWµ �,�(� DIWHU IXUQDFH
KDV EHHQ LQ RSHUDWLRQ IRU D IHZ PLQXWHV�� %HFDXVH RI
WKLV� IXUQDFH SUHVVXUHV VKRXOG 21/< EH FKHFNHG ZKHQ
´+RWµ WR LQVXUH DFFXUDWH UHDGLQJV�

7DEOH � OLVWV DSSUR[LPDWH RSHUDWLQJ SUHVVXUHV IRU
'LUHFW 9HQW �,�(� 7ZR 3LSH� LQVWDOODWLRQV RI FRQGHQVLQJ
PRGHOV LQ WKLV VHULHV� 7KH\ ZHUH REWDLQHG LQ D WHVW ODE�
XQGHU FRQWUROOHG FRQGLWLRQV XVLQJ WZR ��� VSHFLILF YHQW
OHQJWKV� 7KH\ DUH LQFOXGHG LQ WKLV PDQXDO WR SURYLGH
\RX ZLWK D ´%DURPHWHUµ WR JDXJH \RXU SUHVVXUHV
DJDLQVW� 7KH SUHVVXUHV \RX REWDLQ LQ WKH ILHOG ZLOO GLIIHU
VOLJKWO\ IURP WKHVH ILJXUHV EDVHG XSRQ YHQW OHQJWK� JDV
SUHVVXUH� RSHUDWLQJ WHPSHUDWXUH� HWF�

0DMRU GLVFUHSDQFLHV LQ SUHVVXUHV� ZLOO QRUPDOO\ FDXVH
SUREOHPV ZLWK SUHVVXUH VZLWFK RSHUDWLRQ� 7KHVH 0DMRU
GLVFUHSDQFLHV VKRXOG EH LQYHVWLJDWHG DV IROORZV�

&21'(16,1* 02'(/6

7DEOH � $3352;,0$7( 23(5$7,1* 35(6685(6 �,1&+(6 2) :�&��

#%ORZHU #7UDQVLWLRQ #%XUQHU %R[ 'LIIHUHQWLDO

0RGHO 9HQW /HQJWK �+LJK )LUH� �/RZ )LUH� +L /R +L /R

�� 0EWX
6KRUW �� �� )W� 1R (OERZV� ������ ������ �� ��� �� ��� ������ ������

�� 0EWX
/RQJ �� ��� )W� � � ��q (OERZV� ������ ������ �� ��� �� ��� ������ ������

�� 0EWX
6KRUW �� �� )W� 1R (OERZV� ������ �� ��� �� ��� �� ��� ������ �� ���

�� 0EWX
/RQJ �� ��� )W� � � ��q (OERZV� ������ �� ��� �� ��� �� ��� ������ �� ���

��� 0EWX
6KRUW �� �� )W� 1R (OERZV� ������ ������ �� ��� �� ��� ������ ������

��� 0EWX
/RQJ �� ��� )W� � � ��q (OERZV� ������ ������ �� ��� �� ��� ������ ������

��� 0EWX
6KRUW �� �� )W� 1R (OERZV� ������ ������ �� ��� �� ��� ������ ������

��� 0EWX
/RQJ �� ��� )W� � � ��q (OERZV� ������ ������ �� ��� �� ��� ������ ������
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/RZHU �/HVVHU� 1HJDWLYH

3UHVVXUHV

/RZHU WKDQ QRUPDO QHJDWLYH SUHVVXUHV PHDVXUHG DW
WKH &RPEXVWLRQ %ORZHU PD\ EH FDXVHG E\�

�� 5HVWULFWLRQ RQ WKH 2XWOHW VLGH RI WKH FRPEXVWLRQ
EORZHU� �,�(� %ORFNHG )OXH� 9HQW 7RR ORQJ� HWF��

�� /HDN �ODFN RI UHVWULFWLRQ� RQ WKH ,QOHW VLGH RI WKH
FRPEXVWLRQ EORZHU� �,�(� 7UDQVLWLRQ $VVHPEO\�
3ULPDU\ RU 6HFRQGDU\ KHDW H[FKDQJHU�

/RZHU WKDQ QRUPDO QHJDWLYH SUHVVXUHV PHDVXUHG DW
WKH 7UDQVLWLRQ $VVHPEO\ PD\ EH FDXVHG E\�

�� 5HVWULFWLRQ RQ WKH 2XWOHW VLGH RI WKH 7UDQVLWLRQ
$VVHPEO\� �,�(� %ORFNHG )OXH� 9HQW 7RR ORQJ� DLU
LQOHW RULILFH WRR VPDOO� HWF��

�� /HDN �ODFN RI UHVWULFWLRQ� RQ WKH ,QOHW VLGH RI WKH
7UDQVLWLRQ $VVHPEO\� �,�(� 3ULPDU\ RU 6HFRQGDU\
KHDW H[FKDQJHU�

/RZHU WKDQ QRUPDO QHJDWLYH SUHVVXUHV PHDVXUHG DW
WKH %XUQHU %R[ PD\ EH FDXVHG E\�

�� &RPEXVWLRQ DLU LQOHW �%XUQHU� ER[ QRW SURSHUO\
VHDOHG WR IURQW SDUWLWLRQ�

�� &RPEXVWLRQ DLU LQOHW SLSH QRW LQVWDOOHG� WRR VKRUW� RU
GLDPHWHU RI SLSH WRR ODUJH�

+LJKHU �*UHDWHU� 1HJDWLYH

3UHVVXUHV

+LJKHU WKDQ QRUPDO QHJDWLYH SUHVVXUHV PHDVXUHG DW

WKH FRPEXVWLRQ EORZHU PD\ EH FDXVHG E\�

�� 5HVWULFWLRQ RQ WKH ,QOHW VLGH RI WKH FRPEXVWLRQ

EORZHU� �,�(� 3OXJJHG +HDW ([FKDQJHU� DLU LQOHW

RULILFH WRR VPDOO�

+LJKHU WKDQ QRUPDO QHJDWLYH SUHVVXUHV PHDVXUHG DW

WKH 7UDQVLWLRQ $VVHPEO\ PD\ EH FDXVHG E\�

�� 5HVWULFWLRQ RQ WKH ,QOHW VLGH RI WKH WUDQVLWLRQ

$VVHPEO\ �,�(� 3OXJJHG +HDW ([FKDQJHU�

+LJKHU WKDQ QRUPDO QHJDWLYH SUHVVXUHV PHDVXUHG DW

WKH EXUQHU ER[ PD\ EH FDXVHG E\�

�� 5HVWULFWHG FRPEXVWLRQ DLU LQOHW SLSH �,�(� EORFNHG�

WRR ORQJ� GLDPHWHU RI SLSH WRR VPDOO��

9(17�&20%867,21 $,5 3,3,1*

9HQW DQG FRPEXVW LRQ DLU SLSLQJ DUH DQ H[WUHPHO\
LPSRU WDQ W SDU W R I WKH WRWD O IXUQDFH LQV WD O OD W LRQ�
,PSURSHUO\ LQVWDOOHG RU LQDGHTXDWHO\ VL]HG YHQW DQG�RU
FRPEXVWLRQ DLU SLSLQJ FDQ EH WKH VRXUFH RI PDQ\
SHUFHLYHG IXUQDFH SUREOHPV�

)RU H[DPSOH� PRVW SUREOHPV DVVRFLDWHG ZLWK SUHVVXUH
VZ L WFK RSH UD W LRQ FDQ QRUPDO O \ EH W UDFHG WR
VKRUWFRPLQJV LQ WKH YHQW DQG�RU FRPEXVWLRQ DLU SLSLQJ�
$Q\W LPH WKHVH W\SH SUREOHPV DULVH � D WKRURXJK
LQVSHFWLRQ RI WKH YHQW DQG�RU FRPEXVWLRQ DLU SLSLQJ
VKRXOG EH FRQGXFWHG�

$// 02'(/6 UHTXLUH D YHQW �H[KDXVW� SLSH WR FDUU\
IOXH SURGXFWV WR WKH RXWVLGH RI WKH VWUXFWXUH�

&21'(16,1* 02'(/6 UHTXLUH D FRPEXVWLRQ DLU LQOHW
SLSH WR EULQJ LQ DOO DLU IRU FRPEXVWLRQ IURP RXWVLGH WKH
VWUXFWXUH RQO\ ZKHQ LQVWDOOHG DV D 'LUHFW 9HQW )XUQDFH
�,�(� 7ZR 3LSH ,QVWDOODWLRQ�

&RQVXOW WKH DSSURSULDWH ,QVWDOODWLRQ 0DQXDO IRU WKH
9HQWLQJ WDEOHV DQG�RU SLSLQJ FKDUWV IRU WKH PRGHO
�VHULHV� \RX DUH VHUYLFLQJ�
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)LJXUH �� ([KDXVW %ORZHU
&RQGHQVLQJ 0RGHOV

����������

$%6 3LSH

5XEEHU &RXSOLQJ

&ODPSV

%ORZHU

,QOHW DLU 5HVWULFWRU

$OO &RQGHQVLQJ PRGHOV XVH RQH RI WZR ��� GLIIHUHQW
�3DUW�� LQGXFHG GUDIW H[KDXVW �FRPEXVWLRQ� EORZHUV
PRXQWHG RQ WKH RXWOHW VLGH RI WKH VHFRQGDU\ KHDW
H[FKDQJHU� 7KH SXUSRVH RI WKH FRPEXVWLRQ EORZHU LV WR
HVWDEOLVK D GUDIW �IORZ� WKURXJK WKH KHDW H[FKDQJHUV� WR
LQVXUH WKDW DOO IOXH SURGXFWV DUH FDUULHG RXWVLGH WKH
VWUXFWXUH YLD WKH YHQW SLSH� 7KH EORZHU KRXVLQJ LV
PDGH RI SODVWLF� DQG LV GULYHQ E\ D � VSHHG SHUPDQHQW

VSOLW FDSDFLWRU PRWRU� )RU UHSODFHPHQW SDUWV SXUSRVHV
RQO\ RQH EORZHU �WKH VWURQJHU RI WKH WZR� LV VXSSOLHG�

$O O &RQGHQVLQJ PRGHOV XVH DQ LQOHW DLU UHVWU LFWRU
PRXQWHG RQ WKH LQOHW �EDFN� VLGH RI WKH EORZHU� 6LQFH
DOO PRGHOV XVH WKH VDPH �6HWWLQJ� +,*+ SUHVVXUH
VZLWFK� D ',))(5(17 �VL]H� LQOHW DLU UHVWULFWRU RULILFH LV
XVHG IRU WKH GLIIHUHQW VL]H �%78 ,QSXW� PRGHOV WR
PDLQWDLQ WKH FRUUHFW DLUIORZ �3UHVVXUH� WKURXJK WKH KHDW
H[FKDQJHUV� :KHQ UHSODFLQJ DQ H[KDXVW �FRPEXVWLRQ�
EORZHU� L W LV HVVHQW LDO WKDW WKH �&RUUHFW� LQ OHW DLU
UHVWULFWRU RULILFH EH LQVWDOOHG RQ WKH UHSODFHPHQW EORZHU
EHIRUH LW LV PRXQWHG WR WKH IXUQDFH�

,1/(7 $,5 5(675,&7256 �� � 63((' 02'(/6

0RGHO ,QVLGH
'LDPHWHU

,�'�
/HWWHU

3DUW �

�� 0EWX
�� 0EWX � ����µ ´$µ �������

��� 0EWX � ���µ ´(µ �������

��� 0EWX � ���µ ´%µ �������

,1/(7 $,5 5(675,&7256 �� 9$5,$%/( 63((' 02'(/6

0RGHO ,QVLGH
'LDPHWHU

,�'�
/HWWHU

3DUW �

�� 0EWX � ����µ ´$µ �������

�� 0EWX � ����µ ´+µ �������

��� 0EWX � ����µ ´-µ �������

��� 0EWX � ����µ ´.µ �������

&21'(16$7( '5$,1 75$3

)LJXUH ��
�� ,QWHUQDO 'UDLQ 7UDS ��
�7UDQVLWLRQ $VVHPEO\�

7KH UHPRYDO RI DGGLWLRQDO KHDW IURP WKH IOXH SURGXFWV
ZKLFK WDNHV SODFH LQ WKH VHFRQGDU\ KHDW H[FKDQJHU
�FRQGHQVHU� FDXVHV WKHP WR GURS EHORZ WKHLU GHZ SRLQW
UHVXOWLQJ LQ FRQGHQVDWLRQ� 7KLV FRQGHQVDWLRQ �ZDWHU�
WKHQ PXVW EH GUDLQHG IURP WKH IXUQDFH� DQG URXWHG WR D
UHPRWH GUDLQ� RU FRQGHQVDWH SXPS�

7KH FRPEXVWLRQ EORZHU FUHDWHV D QHJDWLYH SUHVVXUH LQ
H[FHVV RI � LQFKHV :�&� ZKLOH RSHUDWLQJ� :LWKRXW D
FRQGHQVDWH GUDLQ WUDS RI VXIILFLHQW GHSWK� FRQGHQVDWH
ZRXOG EH KHOG LQ WKH IXUQDFH� �EHFDXVH RI WKLV QHJDWLYH
SUHVVXUH�� DQG QRW EH DEOH WR GUDLQ� )LJXUH �� VKRZV
WKH LQWHUQDO GUDLQ WUDS DVVHPEO\� �DOVR UHIHUUHG WR DV WKH
WUDQVLWLRQ DVVHPEO\�� ZKLFK LV PRXQWHG EHWZHHQ WKH
FRPEXVWLRQ EORZHU� DQG WKH IURQW SDUWLWLRQ�
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,Q VWDQGDUG 8SIORZ LQVWDOODWLRQV� WKH LQWHUQDO GUDLQ
WUDS SURYLGHV VXIILFLHQW GHSWK ��µ :�&�� WR LQVXUH
SURSHU GUDLQDJH RI FRQGHQVDWH IURP WKH IXUQDFH�
$GGLWLRQDO WUDSV DUH 127 UHTXLUHG� DQG VKRXOG 127 EH
XVHG� 7KH XVH RI DGGLWLRQDO WUDSV ZL OO 35(9(17
SURSHU GUDLQDJH RI FRQGHQVDWH IURP WKH IXUQDFH� &DUH
VKRXOG EH WDNHQ ZLWK WKH URXWLQJ RI WKH FRQGHQVDWH
GUDLQ KRVH� WR HOLPLQDWH DOO GLSV RU VDJJLQJ WXELQJ
ZKLFK FDQ FUHDWH DQRWKHU WUDS� DQG FDXVH GUDLQDJH
SUREOHPV�

)ORDWV DQG�RU FRQGHQVDWH VHQVRUV DUH 127 XVHG LQ WKH
GUDLQ WUDS� ,I WKH GUDLQ OLQH EHFRPHV FORJJHG� WKH
FRQGHQVDWH OHYHO ZLOO ULVH KLJKHU LQ WKH LQWHUQDO WUDS�
:KHQ WKH OHYHO ULVHV VXIILFLHQWO\� WKH IXUQDFH ZLOO EHJLQ
WR ´&\FOHµ �2Q DQG 2II� RQ WKH SUHVVXUH VZLWFK� ,I WKH
FRQGHQVDWH OHYHO ULVHV KLJK HQRXJK LQ WKH WUDS� WKH
SUHVVXUH VZLWFK PD\ QRW FORVH DW DOO� DQG ZDWHU PD\ EH
KHDUG ´3DGGOLQJµ LQVLGH WKH FRPEXVWLRQ EORZHU�

,Q +RUL]RQWDO LQVWDOODWLRQV WKH LQWHUQDO GUDLQ WUDS GRHV
127 SURYLGH VXIILFLHQW GHSWK WR LQVXUH SURSHU GUDLQDJH
RI FRQGHQVDWH I URP WKH IXUQDFH� $Q DGGL W LRQDO
�([WHUQDO� WUDS �VXSSOLHG ZLWK IXUQDFH� ,6 5(48,5('
IRU KRUL]RQWDO LQVWDOODWLRQV DQG 0867 EH XVHG� )DLOXUH

WR XVH DQ H[WHUQDO WUDS ZLOO 35(9(17 SURSHU GUDLQDJH
RI FRQGHQVDWH IURP WKH IXUQDFH�

,Q KRUL]RQWDO LQVWDOODWLRQV� WKH /2: ILUH 3UHVVXUH
6ZLWFK �VHH )LJXUH ��� ZL OO RSHQ� RU EHJLQ WR F\FOH
ZKHQ WKH FRQGHQVDWH GUDLQ OLQH EHJLQV WR EDFN��XS�

)LJXUH ��
�� ([WHUQDO 'UDLQ 7UDS ��

+RUL]RQWDO ,QVWDOODWLRQV 21/<

����������D

72

'5$,1

'UDLQ 6WXE
IURP 7UDQVLWLRQ

&RPSUHVVLRQ
)LWWLQJ
�6XSSOLHG�

'UDLQ )LWWLQJ
����s 39& WR
���s &39&�

'UDLQ 7UDS
���s 2'

&39&

(;+$867 %/2:(5 �� 121��&21'(16,1* 02'(/6

)LJXUH ��

,QOHW $LU 5HVWULFWRU

�+LJK $OWLWXGH ,QVWDOODWLRQV 21/<�

([KDXVW %ORZHU
1RQ��&RQGHQVLQJ 0RGHOV

$OO 1RQ��&RQGHQVLQJ PRGHOV XVH WKH VDPH �3DUW��
LQGXFHG GUDIW FRPEXVWLRQ EORZHU PRXQWHG RQ WKH RXWOHW
VLGH RI WKH KHDW H[FKDQJHU� 7KH SXUSRVH RI WKH
FRPEXVWLRQ EORZHU LV WR HVWDEOLVK D GUDIW �IORZ� WKURXJK
WKH KHDW H[FKDQJHU� WR LQVXUH WKDW DOO IOXH SURGXFWV DUH
FDUULHG RXWVLGH WKH VWUXFWXUH YLD WKH YHQW SLSH� 7KH

EORZHU KRXVLQJ LV PDGH RI PHWDO� DQG LV GULYHQ E\ D WZR
��� VSHHG VKDGHG SROH PRWRU�

$OWKRXJK VLPLODU LQ DSSHDUDQFH WR FRPEXVWLRQ EORZHUV
XVHG RQ RWKHU VHULHV RI IXUQDFHV� WKH\ KDYH GLIIHUHQW
SHUIRUPDQFH FKDUDFWHULVWLFV� DQG FRQVHTXHQWO\� DUH
127 ,17(5&+$1*($%/(�

$OO 1RQ��&RQGHQVLQJ PRGHOV LQVWDOOHG LQ KLJK DOWLWXGH
DSSOLFDWLRQV �$ERYH ���� )W�� XVH DQ LQOHW DLU UHVWULFWRU
PRXQWHG WR WKH FROOHFWRU ER[ RQ WKH LQOHW �EDFN� VLGH RI
WKH EORZHU� $ GLIIHUHQW �VL]H� LQOHW DLU UHVWULFWRU RULILFH LV
XVHG IRU WKH GLI IHUHQW �%WX LQSXW� PRGHOV� :KHQ
UHSODFLQJ D FRPEXVWLRQ EORZHU RQ D PRGHO LQVWDOOHG
DERYH ���� )W�� L W LV HVVHQW LDO WKDW WKH RUL I LFH EH
UH��LQVWDOOHG RQ WKH FRO OHFWRU ER[ EHIRUH EORZHU LV
PRXQWHG WR WKH IXUQDFH�

,1/(7 $,5 5(675,&7256 �� 121��&21'(16,1* 02'(/6

0RGHO ,QVLGH

'LDPHWHU

3DUW �

�� 0EWX ����µ ���������

�� 0EWX ����µ ���������

��� 0EWX ����µ ���������

��� 0EWX ����µ ���������
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+21(<:(// 67����$ 6HULHV )$1 7,0(5�)851$&( &21752/

+RQH\ZHOO 67����$)LJXUH ��

7KH +21(<:(// 67����$ (OHF W URQ L F )DQ
7LPHU�)XUQDFH &RQWURO LV DQ LQWHJUDWHG HOHFWURQLF
FRQWURO� ZKLFK FRQWDLQV 12 86(5 6(59,&($%/(
&20321(176� ,Q DGGLWLRQ WR FRQWUROOLQJ WKH IDQ
RSHUDWLRQ IRU KHDWLQJ� LW DOVR WDNHV WKH SODFH RI WKH
EORZHU UHOD\� FRPEXVWLRQ DLU UHOD\ DQG�RU V\VWHP UHOD\�

7KH 67����$ LV XVHG LQ FRQMXQFWLRQ ZLWK WKH 69����4
*$6 9$/9(�,*1,7,21 &21752/� ,W SURYLGHV WKH
SRZHU VRXUFH WR EHJLQ WKH LJQLWLRQ VHTXHQFH WKURXJK D
PRQLWRUHG VDIHW\ FLUFXLW� ,W VHUYHV DV D ORZ YROWDJH
WHUPLQDO VWULS� DQG SURYLGHV DFFHVVRU\ WHUPLQDOV IRU D
+XPLGLILHU� (OHFWURQLF $LU FOHDQHU DQG D ´&RQWLQXRXVµ
WHUPLQDO ZKLFK FDQ EH XVHG RQ PRGHOV HTXLSSHG ZLWK D
3�6�&� PRWRU �21/<� WR SURY LGH FRQW LQXRXV IDQ
RSHUDWLRQ DW D VSHHG RWKHU WKDQ HLWKHU WKH KHDWLQJ RU
FRROLQJ VSHHG�

7KH FRQWURO SURYLGHV D IL[HG �QRQ��DGMXVWDEOH� � VHFRQG
´21µ DQG �� VHFRQG´2))µ GHOD\ IRU WKH FLUFXODWLQJ
EORZHU LQ &22/,1* DQG DQ DGMXVWDEOH �� RU �� VHFRQG
´21µ GHOD\ IRU WKH FLUFXODWLQJ EORZHU LQ +($7,1*�

7KH 67����$ FRQWURO DOVR SURYLGHV DQ DGMXVWDEOH
+($7,1* ´2))µ GHOD\ IRU WKH FLUFXODWLQJ EORZHU ZKLFK
FDQ EH ILHOG DGMXVWHG WR ��� ���� ���� RU ��� VHFRQGV�

6HWWLQJ ´2))µ DQG ´21µ GHOD\V

6HWWLQJ 7KH 67����$ +HDWLQJ )DQ ´21µ 	 ´2))µ 'HOD\
LV DFFRPSOLVKHG E\ WKH SRVLWLRQLQJ RI ´',3µ VZLWFKHV�
7KH LOOXVWUDWLRQV )LJXUH ��� 	 )LJXUH ��� LQGLFDWH KRZ WR
SRVLWLRQ WKHVH VZLWFKHV WR REWDLQ WKH GHVLUHG VHWWLQJ�

7KH 67����$ +HDWLQJ )DQ´2))µ GHOD\ FDQ EH VHW WR
HLWKHU ����������� RU ��� VHFRQGV� 7KH FRQWURO ZDV
VKLSSHG RXW LQ WKH ��� VHFRQG SRVLWLRQ� 7KLV PD\ EH
VDWLVIDFWRU\ IRU VRPH LQVWDOODWLRQV� EXW QRW IRU RWKHUV�

+HDWLQJ 2)) 'HOD\ ',3 VZLWFK 6HWWLQJV)LJXUH ��

� � � � � � � �

� � � � � � � �

�� 6HF� ��� 6HF�

��� 6HF� ��� 6HF�

21

21 21

21

7KH 67����* +HDWLQJ )DQ´21µ GHOD\ PD\ EH VHW WR
HLWKHU �� RU �� VHFRQGV� 7KH FRQWURO LV VKLSSHG RXW DW
�� VHFRQGV� $V ZLWK WKH ´2))µ GHOD\� WKLV PD\ EH
VDWLVIDFWRU\ IRU VRPH LQVWDOODWLRQV� EXW QRW IRU RWKHUV�

+HDWLQJ 21 'HOD\ ',3 VZLWFK 6HWWLQJV)LJXUH ��

� � � � � � � �

�� 6HF� �� 6HF�

21 21

7KH ´2))µ GHOD\ VKRXOG EH VHW DV ORQJ DV SRVVLEOH
ZLWKRXW FUHDWLQJ ´&2/' $,5µ FRPSODLQWV DW WKH HQG RI
WKH F\FOH�

7KH ´21µ GHOD\ VKRXOG EH VHW DV VKRUW DV SRVVLEOH
ZL WKRXW F UHDW LQJ ´&2/' $,5µ FRPSOD LQ WV D W WKH
EHJLQQLQJ RI WKH F\FOH�

7KH &22/,1* ´21µ DQG ´2))µ GHOD\V RI WKH
67����$ DUH IL[HG DW � VHFRQGV DQG �� VHFRQGV
UHVSHFWLYHO\� DQG DUH QRW DGMXVWDEOH�
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+21(<:(// 67����$�69����4 &21752/ 6<67(0

81,48( &21752/ )81&7,216�5(63216(6

7KHUH DUH VRPH XQLTXH UHVSRQVHV IURP WKHVH FRQWUROV
WKDW GLIIHU IURP ZKDW RQH ZRXOG QRUPDOO\ H[SHFW� DQG
PD\ EH VRPHZKDW FRQIXVLQJ� WKH\ DUH DV IROORZV�

7KH ORJLF EXLOW LQWR WKH FRQWURO 6<67(0 VWDUWV HDFK
KHDWLQJ F\FOH RQ +,*+ +($7 �L�H� �QG 6WDJH� IRU D EULHI
������� VHFRQGV� KHDW H[FKDQJHU ZDUP��XS SHULRG�
&RQVHTXHQWO\� HQHUJL]LQJ WKH ´:�µ WHUPLQDO �2QO\� RI
WKLV FRQWURO ZLOO FDXVH WKH IXUQDFH WR RSHUDWH RQ /2:
),5( � , �( � �V W 6 WDJH +HD W LQJ� $)7(5 WKH KHD W
H[FKDQJHU ZDUP��XS SHULRG H[SLUHV� �:LWK PRVW RWKHU
IXUQDFHV� HQHUJL]LQJ WKH ´:�µ WHUPLQDO QRUPDOO\ UHVXOWV
LQ LPPHGLDWH �VW 6WDJH RSHUDWLRQ��

(QHUJL]LQJ WKH ´*µ WHUPLQDO RI WKH 67����$ FRQWURO ZLOO
FDXVH WKH EORZHU WR UXQ RQ WKH /2: +($7,1* VSHHG
RQ PRGHOV HTXLSSHG ZLWK D 3�6�&� PRWRU� DQG WKH
&,5&8/$7,1* VSHHG RQ PRGHOV HTXLSSHG ZLWK D '�&�
PRWRU� �:LWK PRVW RWKHU IXUQDFHV� WKH EORZHU UHOD\ LV
HQHUJL]HG YLD WKH ´*µ WHUPLQDO QRUPDOO\ FDXVLQJ WKH
EORZHU WR UXQ RQ WKH FRROLQJ VSHHG��

(QHUJL]LQJ WKH ´*µ 	 ´<µ WHUPLQDOV �WRJHWKHU� ZLOO FDXVH
WKH E ORZHU WR UXQ RQ WKH &22/,1* VSHHG� , W L V
LPSRUWDQW WKDW \RX WDNH QRWH RI WKLV� VLQFH FRQWURO ZLULQJ
LPSURSHUO\ FRQQHFWHG FDQ FDXVH SHUFHLYHG DV ZHOO DV
UHDO HTXLSPHQW SUREOHPV�

)RU H[DPSOH�LQ WKH SDVW� WKH ´<µ WHUPLQDO LQ QHDUO\ DOO
IXUQDFHV ZDV VLPSO\ D ELQGLQJ SRVW� 7KHUH ZDV QR
HOHFWULFDO FRQQHFWLRQ EHWZHHQ WKLV WHUPLQDO DQG WKH UHVW
RI WKH IXUQDFH� &RQVHTXHQWO\� PDQ\ LQVWDOOHUV ZRXOG
QRW XVH WKLV WHUPLQDO WR FRQQHFW WKH ´<µ VLJQDO IURP WKH
WKHUPRVWDW� EXW ZRXOG UXQ LW GLUHFWO\ IURP WKH WKHUPRVWDW
WR WKH FRQGHQVLQJ XQLW� WKHQ UXQ WKH ´&RPPRQµ VLJQDO
EDFN WR WKH IXUQDFH ´&µ WHUPLQDO�

7KLV PHWKRG RI ZLULQJ UHVXOWV LQ LPSURSHU RSHUDWLRQ
IURP WKLV FRQWURO� 7KH FRQWURO 0867 UHFHLYH D ´<µ
VLJQDO LQ RUGHU IRU LW WR HQHUJL]H WKH ´&22/µ WHUPLQDO�
EULQJLQJ RQ WKH EORZHU LQ WKH FRROLQJ VSHHG� ,I ZLUHG DV
DERYH� WKH FRQGHQVLQJ XQLW ZLOO FRPH RQ� EXW WKH EORZHU
ZLOO UXQ RQ HLWKHU WKH /2: +($7,1* VSHHG RU WKH
&,5&8/$7,1* VSHHG� GHSHQGLQJ XSRQ WKH PRGHO�

´12 7(50,1$/6µ (1(5*,=(' �RQ ORZ YROWDJH
WHUPLQDO VWULS� �� ,I D VSHHG WDS ZLUH �0RGHOV ZLWK
3�6�&� PRWRU 21/<� KDV EHHQ FRQQHFWHG WR WKH
´&217µ �FRQWLQXRXV� WHUPLQDO� �RSW LRQDO WHUPLQDO
SURYLGHG� WKH EORZHU ZLOO UXQ RQ WKLV VSHHG� 0D[LPXP
DOORZDEOH FRQQHFWHG ORDG IRU WKLV WHUPLQDO LV ��� )/$

7KLV ´&RQWLQXRXVµ IHDWXUH UHTXLUHV VRPH H[SODQDWLRQ
DV WR KRZ LW GLIIHUV IURP ´)$1 21µ VHOHFWHG IURP WKH
WKHUPRVWDW VXE��EDVH�

7KH ´&217,18286µ WHUPLQDO RI WKH 67����$ FRQWURO
LV HQHUJL]HG 21/< ZKHQ WKHUH LV 12 27+(5 &$//
)25 23(5$7,21 RI DQ\ NLQG� ,I WKHUH LV D FDOO IRU
+($7� &22/� RU ´)$1 21µ� WKLV WHUPLQDO LV
'(��(1(5*,=('� 7KH SXUSRVH RI WKLV WHUPLQDO LV WR
SURYLGH D PHDQV RI DLU FLUFXODWLRQ GXULQJ ´2)) &<&/(6µ
DW D GLIIHUHQW VSHHG WKDQ HLWKHU KHDWLQJ RU FRROLQJ� 7KH
XVH RI WKLV WHUPLQDO LV RSWLRQDO� DQG DSSOLHV WR PRGHOV
HTXLSSHG ZLWK D 3�6�&� PRWRU 21/<� 7KHUH ZLOO EH QR
VSHHG WDS ZLUHV FRQQHFWHG WR WKLV WHUPLQDO ZKHQ WKH
IXUQDFH LV VKLSSHG�

´&217,18286µ IDQ VKRXOG QRW EH FRQIXVHG ZLWK ´)$1
21µ ZKLFK LV REWDLQHG E\ VZLWFKLQJ WKH IDQ VHOHFWRU
VZLWFK RQ WKH WKHUPRVWDW VXE��EDVH WR ´)$1 21µ
�HQHUJL]LQJ WKH ´*µ WHUPLQDO� ZKLFK FDXVHV WKH EORZHU
WR UXQ RQ WKH ´/2: +($7,1*µ VSHHG RQ PRGHOV
HTXLSSHG ZLWK D 3�6�&� PRWRU�

127(� 0RGHOV HTXLSSHG ZLWK D '�&� PRWRU 0867 XVH
´)$1 21µ �VHOHFWHG IURP WKH WKHUPRVWDW VXE��EDVH� LI DLU
FLUFXODWLRQ LV GHVLUHG GXULQJ WKHUPRVWDW ´2IIµ F\FOHV�

7KH 67����$ (OHFWURQLF $LU &OHDQHU WHUPLQDO �($&�
,6 21/< HQHUJL]HG LQ FRQMXQFWLRQ ZLWK WKH +($7,1*
DQG &22/,1* VSHHG WH UP LQD OV � , W ,6 127
(1(5*,=(' LQ FRQMXQFWLRQ ZLWK WKH ´&217,18286µ
IDQ VSHHG WHUPLQDO � 7KH PD[LPXP DO ORZDEOH
FRQQHFWHG ORDG WR WKH ($& WHUPLQDO LV ��� �HLJKW
WHQWKV� $PS�

7KH 67����$ +80,',) ,(5 WH UPLQD O �+80� L V
HQHUJ L]HG LQ FRQ MXQFW LRQ ZLWK D FD O O IR U KHDW LQJ
RSHUDWLRQ� 7KH PD[LPXP DOORZDEOH FRQQHFWHG ORDG
WR WKH +80 WHUPLQDO LV ��� �HLJKW WHQWKV� $PS�

7KH FRPELQHG ORDGV RI WKH ($& DQG +80 WHUPLQDOV
FDQQRW H[FHHG D WRWDO RI ��� �HLJKW WHQWKV� DPS�

7528%/(6+227,1*

7KH RSHUDWLRQ RI WKH +21(<:(// 67����$�69����4
&21752/ 6<67(0 �DV ZHOO DV WKH RSHUDWLRQ RI WKH
IXUQDFH LQ JHQHUDO� FDQ EH YHULILHG LQ D IHZ PLQXWHV E\
XVLQJ WZR ��� MXPSHU ZLUHV �WR MXPSHU WHUPLQDOV RI WKH
ORZ YROWDJH WHUPLQDO VWULS� DQG WKH WHVWLQJ VHTXHQFH
OLVWHG RQ WKH IROORZLQJ SDJH RU WKH´6(48(1&( RI
23(5$7,21µ DQG ´7528%/(6+227,1*µ FKDUWV RQ
SDJHV �� 	 �� RI WKLV PDQXDO�
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,I IXUQDFH VXFFHVVIXOO\ SDVVHV WKLV WHVWLQJ VHTXHQFH� LW FDQ EH DVVXPHG WKDW WKHUH DUH QR SUREOHPV ZLWK WKH 67����$�69����4

&21752/ 6<67(0� ,I LW GRHV QRW� KRZHYHU� LW GRHV QRW QHFHVVDULO\ PHDQ WKDW WKHUH DUH SUREOHPV ZLWK WKH FRQWURO 6<67(0� $Q\

PDOIXQFWLRQV VKRXOG EH WKRURXJKO\ LQYHVWLJDWHG EHIRUH UHSODFLQJ DQ\ FRPSRQHQWV�

&+(&.,1* +($7,1* )81&7,216

�� -803(5 ´:�� RU :� 	 :�µ 72 ´5µ

�� &+(&. &20%867,21 %/2:(5 67$57��83

�� &+(&. ,*1,7,21 6<67(0 $&7,9$7,21

�� :+(1 0$,1 %851(5 /,*+76� &+(&.
+($7,1* )$1 ´21µ '(/$<

�� &+(&. +($7,1* 63((' )$1 23(5$7,21

�� 5(029( -803(5

�� &+(&. 3267 385*( '(/$<

�� &+(&. +($7,1* )$1 ´2))µ '(/$<

&+(&.,1* &22/,1* )81&7,216

�� -803(5 ´<µ 	 ´*µ 72 ´5µ

�� &+(&. &22/,1* )$1 '(/$< ´21µ

�� &+(&. &22/,1* 63((' )$1 23(5$7,21

�� 5(029( -803(5

�� &+(&. &22/,1* )$1 ´2))µ '(/$<

+21(<:(// 69����4 � 67$*( *$6 9$/9(�,*1,7,21 &21752/

)LJXUH ��
+RQH\ZHOO 69����4

,JQLWLRQ 6\VWHP

*DV 9DOYH�,JQLWLRQ &RQWURO

3LORW %XUQHU

,JQLWRU�6HQVRU

7KH V\V WHP FRQV L V W V EDV LFD O O \ R I RQ O \ WZR �� �
FRPSRQHQWV� 7KH ,JQLWLRQ 6\VWHP &RQWURO DQG WKH 3LORW
+DUGZDUH� 7KH\ RSHUDWH RQ 7ZR ��� SRZHU FLUFXLWV
UHFH LYHG IURP WKH 67����$ )DQ 7LPHU�)XUQDFH
&RQWURO� 2QH LV WKH �� YROW SRZHU VXSSO\ IRU WKH LJQLWRU�
DQG WR DFWLYDWH WKH LJQLWLRQ VHTXHQFH� 7KH VHFRQG LV D
��� YROW FLUFXLW XVHG WR SRZHU WKH FRPEXVWLRQ EORZHU�

7KH 69����4 V\VWHP LV ERWK OLQH YROWDJH SRODULW\
DQG JURXQG VHQVLWLYH� $FFRUGLQJO\� WKH IXUQDFH
0867 KDYH S URSH U SR O D U L W\ DQG J URXQG LQJ � R U
PDOIXQFWLRQV PD\ EH FDXVHG GXH WR WKRVH UHDVRQV�

7KH 69����4 ,JQLWLRQ 6\VWHP &RQWURO�ZRUNLQJ LQ
FRQMXQFWLRQ ZLWK WKH 67����$ IDQ WLPHU� PDQDJHV WKH
,JQLWLRQ 6HTXHQFH� DQG WKH IORZ RI JDV WR WKH SLORW DQG
PDLQ EXUQHUV� ,W LV LQ HVVHQFH D FRPELQDWLRQ *DV 9DOYH
DQG ,JQLWLRQ FRQWURO�

,W FRQWDLQV VRSKLVW LFDWHG HOHFWURQLF FRPSRQHQWV
� LQ WH UQD O O \ � DQG KDV 12 86(5 6(59,&($%/(
&20321(176� 6KRX OG D SURE OHP EH YHUL I LHG
LQ W H U QD O O \ Z L W K L Q W KH GHY L FH � ,7 ,6 127 ) ,(/'
5(3$,5$%/(� DQG PXVW EH UHSODFHG�

7KH 3LORW +DUGZDUH LQFOXGHV WKH SLORW EXUQHU� WKH KRW
VXUIDFH HOHPHQW WKDW OLJKWV WKH SLORW EXUQHU� WKH IODPH
URG WKDW VHQVHV SLORW IODPH� DQG WKH FDEOH WKDW DWWDFKHV
WR WKH V\VWHP FRQWURO�

7KH KRW VXUIDFH HOHPHQW LV PDGH RI D WRXJK EUHDN

UHVLVWDQW FHUDPLF FRPSRVLWH PDWHULDO� ,W RSHUDWHV RQ
�� 9ROWV $�&� 7KH ,JQLWHU�)ODPH 5RG DVVHPEO\ FDQ EH
UHSODFHG LQGHSHQGHQWO\ IURP WKH SLORW EXUQHU DVVHPEO\�

7KH KRW VXUIDFH LJQLWHU FDQ EH FKHFNHG IRU UHVLVWDQFH�
$ ´*RRGµ LJQLWHU ZLOO KDYH D UHVLVWDQFH RI �� 2KPV RU
OHVV� )ODPH FXUUHQW IRU WKLV V\VWHP VKRXOG EH ���
PLFURDPSV RU KLJKHU� &DUULHU YROWDJH IRU IODPH VLJQDO
�L�H� IODPH URG WR YDOYH ERG\� LV �� YROWV RU KLJKHU�
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&+(&.,1* )/$0( &855(17

)LJXUH �� &KHFNLQJ )ODPH 6HQVRU &XUUHQW

$& 9ROWV 2KPV

'& 9ROWV

0LFUR
$PSV

�

��� P$

:LUH )URP )ODPH 6HQVRU

:LUH 7R )ODPH 6HQVRU
7HUPLQDO RI ,JQLWLRQ &RQWURO

7KH +RQH\ZHOO 69����4 ,JQLWLRQ V\VWHP XVHG LQ WKLV
IXUQDFH VHULHV SURYHV �YHULILHV� IODPH YLD WKH )ODPH
5HFWLILFDWLRQ PHWKRG�

)ODPH 5HFWLILFDWLRQ LV D SURFHVV RI FRQYHUWLQJ $OWHUQDWLQJ
&XUUHQW �$�&�� LQWR 'LUHFW &XUUHQW �'�&��� 'XULQJ WKH
LJQLWLRQ VHTXHQFH� DQ DOWHUQDWLQJ FXUUHQW �$�&�� 9ROWDJH �RI
DSSUR[LPDWHO\ �� YROWV� LV DSSOLHG WR WKH )ODPH SUREH�

:KHQ WKH EXUQHU OLJKWV WKH IODPH FRQGXFWV DQ HOHFWULFDO
FXUUHQW EHWZHHQ WKH IODPH SUREH DQG WKH EXUQHU JURXQG�
'XH WR WKH GLIIHUHQFH LQ VL]H EHWZHHQ WKH IODPH SUREH DQG
WKH EXUQHU JURXQG DUHD WKLV FXUUHQW IORZV PRVWO\ LQ RQH
GLUHFWLRQ� 7KLV FUHDWHV D SXOVDWLQJ 'LUHFW &XUUHQW WKDW
IORZV EDFN WR WKH LJQLWLRQ FRQWURO SURYLQJ IODPH�

7KLV IODPH FXUUHQW �'�&� 0LFURDPSV� PD\ EH FKHFNHG
�ZKLOH IODPH LV SUHVHQW� XVLQJ D '�&� 0LFURDPPHWHU ,1
6(5,(6 �VHH )LJXUH ��� ZLWK WKH IODPH VHQVRU FLUFXLW�

)ODPH FXUUHQW VKRXOG EH DW OHDVW ��� P$ IRU WKH +RQH\ZHOO

69����4 �

/RZHU WKDQ QRUPDO UHDGLQJV ZL O O QRW NHHS I ODPH
HVWDEOLVKHG� DQG PD\ EH GXH WR IODPH QRW SURSHUO\
HQYHORSLQJ VHQVRU� GLUW\ VHQVRU� ORZ JDV SUHVVXUH RU SLORW
IODPH� HWF�

&$3$&,7256

3HUPDQHQW 6SOLW &DSDFLWRU �3�6�&�� PRWRUV DUH XVHG RQ
WKH FLUFXODWLQJ �FRQGLWLRQHG DLU� EORZHU RI � 6SHHG PRGHOV
DQG RQ WKH H[KDXVW �FRPEXVWLRQ� EORZHU RI FRQGHQVLQJ
PRGHOV� %HIRUH UHSODFLQJ RQH RI WKHVH PRWRUV �DVVXPHG
WR EH EDG� WKH FRQGLWLRQ RI LWV FDSDFLWRU VKRXOG EH YHULILHG�
VLQFH LW� DQG QRW WKH PRWRU� PD\ EH WKH VRXUFH RI WKH
SUREOHP�

%HIRUH FKHFNLQJ DQ\ FDSDFLWRU� WKH VXSSO\ SRZHU WR WKH
XQLW VKRXOG EH WXUQHG ´2))µ� 7KH FDSDFLWRU VKRXOG WKHQ
EH GLVFKDUJHG �WKURXJK D UHVLVWRU� EHIRUH WHVWLQJ� $
������ 2KP � :DWW UHVLVWRU FDQ EH XVHG IRU WKLV SXUSRVH�

7KH FRQGLWLRQ RI WKH FDSDFLWRU VKRXOG EH YHULILHG ZLWK D
FDSDFLWRU DQDO\]HU �RQH WKDW LQGLFDWHV WKH FDSDFLWRU·V YDOXH
LQ PLFURIDUDGV� UDWKHU WKDQ ZLWK DQ 2KPPHWHU� 7KH
UHDVRQ IRU WKLV� LV WKDW DQ 2KPPHWHU WHVW FDQ RQO\ LQGLFDWH
LI D FDSDFLWRU LV ´23(1µ� RU ´6+257('µ� LW FDQQRW YHULI\ LI
LWV YDOXH �PLFURIDUDGV� LV ZLWKLQ DQ DFFHSWDEOH UDQJH�

&DSDFLWRU VKRXOG WHVW WR ZLWKLQ ��� RI LWV UDWHG YDOXH�
&DSDFLWRUV WHVWLQJ RXWVLGH WKLV UDQJH VKRXOG EH UHSODFHG�
$ :HDN FDSDFLWRU FDQ EH WKH FDXVH RI D PRWRU IDLOLQJ WR
VWDUW�

)LJXUH �� &KHFNLQJ &DSDFLWRU

��� Pg

0LFURIDUDGV

�

� PV

�� Pg

���� Pg

����� Pg
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$OO YDULDEOH 6SHHG PRGHOV XVH RQH RI WZR GLIIHUHQW
YDULDEOH VSHHG �'�&� PRWRU�� GLUHFW��GULYH� EORZHU
DVVHPEOLHV� 'LIIHUHQW VL]H �+3� PRWRUV DQG�RU GLIIHUHQW
GLDPHWHU EORZHU ZKHHOV DUH XVHG LQ WKH GLIIHUHQW
PRGHOV WR REWDLQ WKH UHTXLUHG DLU IORZ�

$OO � 6SHHG PRGHOV XVH D PXOWL��VSHHG� SHUPDQHQW VSOLW
FDSDFLWRU PRWRU� GLUHFW��GU LYH� EORZHU DVVHPEO\�
'LIIHUHQW VL]H �+3� PRWRUV DQG�RU GLIIHUHQW GLDPHWHU
EORZHU ZKHHOV DUH XVHG LQ HDFK PRGHO WR REWDLQ WKH
UHTXLUHG DLU IORZ�

,Q DOO PRGHOV HQWLUH EORZHU DVVHPEO\ VOLGHV RXW RQ UDLOV
IRU VHUYLFLQJ DIWHU UHPRYLQJ WKH WZR VFUHZV DW WKH IURQW
RI WKH EORZHU GHFN�

&+(&.,1* %/2:(5 02725

9DULDEOH 6SHHG 0RGHOV �� '�&� 0RWRU

7KH '�&� 0RWRU XVHG LQ WKH YDULDEOH VSHHG PRGHOV
&DQQRW EH FKHFNHG DFFXUDWHO\ XVLQJ WUDGLW LRQDO
PHWKRGV� $Q 2KPPHWHU WHVW ZLOO WHOO OLWWOH RU QRWKLQJ
DERXW WKH FRQGLWLRQ RI WKH PRWRU� %HFDXVH RI WKLV D
´6SHFLDOµ WHVW PHWKRG LV UHTXLUHG WR GHWHUPLQH LI WKH
PRWRU LV JRRG RU EDG�

7KH FRQGLWLRQ RI WKLV PRWRU FDQ 21/< EH YHULILHG DV
IROORZV� :LWK WKH WKHUPRVWDW FDOOLQJ IRU RSHUDWLRQ LQ WKH
GHVLUHG PRGH� DQG OLQH YROWDJH DSSOLHG WR WKH PRWRU�
&KHFN IRU �� 9ROWV DFURVV WKH ´&RPPRQµ �%OXH� ZLUH
DQG WKH GHV L UHG ´6SHHGµ Z L UH R I W KH V L [ �� � S L Q
FRQQHFWRU DW WKH PRWRU� :LWK �� 9$& SUHVHQW� PRWRU
VKRXOG UXQ� ,I WKH PRWRU 'RHV 1RW UXQ� LW LV IDXOW\ DQG
PXVW EH UHSODFHG� ,I �� 9$& LV QRW SUHVHQW� D SUREOHP
LV LQGLFDWHG LQ WKH WKHUPRVWDW� ZLULQJ� RU 67����$�

)LJXUH ��
9DULDEOH 6SHHG 0RGHOV
'�&� 0RWRU 6SHHG :LUHV

:LUH &RORU 0RWRU 6SHHG

%OXH &RPPRQ

:KLWH /RZ +HDW

*UHHQ &LUFXODWLQJ

%ODFN +LJK +HDW

<HOORZ &RROLQJ

%URZQ 'HKXP� �����

 )XQFWLRQ HQDEOHG RQO\ ZKHQ HQHUJL]HG ZLWK FRROLQJ

VSHHG� 0RWRU UXQV DW ��� RI FRROLQJ VSHHG�

)LJXUH �� &KHFNLQJ 3�6�&� 0RWRU

�

� 6SHHG 0RGHOV �� 3�6�&� 0RWRU

7KH 3�6�&� PRWRU XVHG LQ � VSHHG PRGHOV PD\ EH
FKHFNHG XVLQJ WUDGLWLRQDO 2KPPHWHU WHVW PHWKRGV� ,�(�
&KHFNLQJ IURP DQ\ VSHHG WDS OHDG �EODFN� RUDQJH� EOXH�
RU UHG� WR 1HXWUDO �ZKLWH� VKRXOG LQGLFDWH FRQWLQXLW\�
:KLOH FKHFNLQJ IURP DQ\ PRWRU OHDG WR WKH PRWRU FDVH
VKRXOG LQGLFD WH LQI LQ L W\ �QR FRQW LQXLW\ �� %HIRUH
FRQGHPQLQJ DQ\ 3�6�&� PRWRU EH VXUH WR YHULI\ WKH
FRQGLWLRQ RI LWV FDSDFLWRU�

6(/(&7,1* %/2:(5 63(('6

7KH ZLGH YDULHW\ RI DSSOLFDWLRQV DQG LQVWDOODWLRQV RI
IXUQDFHV WKURXJKRXW WKH FRXQWU\ PDNHV LW LPSRVVLEOH WR
´)DFWRU\ 6HOHFWµ EORZHU VSHHGV WKDW ZLOO SURYLGH SURSHU
RSHUDWLRQ IRU DOO LQVWDOODWLRQV� 7KLV PHDQV WKHQ� WKDW WKH
EORZHU VSHHGV IRU ERWK KHDWLQJ DQG FRROLQJ PXVW EH
´)LHOG 6HOHFWHGµ IRU HDFK SDUWLFXODU LQVWDOODWLRQ WR LQVXUH
SURSHU RSHUDWLRQ�

7KH FULWHULD IRU VHOHFWLQJ WKH SURSHU EORZHU VSHHGV ,6
127 ´+LJK IRU &RROLQJ� /RZ IRU +HDWLQJµ� $OWKRXJK WKDW
PD\ EH KRZ LW ZRUNV RXW 620(7,0(6� ,W FDQ �LQ PDQ\
FDVHV� EH H[DFWO\ WKH RSSRVLWH� �,�(� D /RZHU VSHHG IRU
&RROLQJ� DQG D +LJKHU VSHHG IRU +HDWLQJ�

7KH 3523(5 &5,7(5,$ )25 6(/(&7,1* %/2:(5
63(('6 LV DV IROORZV�

+($7,1*

$ EORZHU VSHHG PXVW EH VHOHFWHG WKDW ZLOO SURYLGH
SURSHU WHPSHUDWXUH ULVH WKURXJK WKH IXUQDFH� �6HH
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´FKHFNLQJ WHPSHUDWXUH ULVHµ IRXQG RQ SDJH �� RI WKLV
PDQXD O � � 7KH UHTX L U HG &)0 IR U D SDU W L F X OD U
WHPSHUDWXUH ULVH FDQ DOVR EH FDOFXODWHG E\ XVLQJ WKH
IROORZLQJ IRUPXOD�

2XWSXW %78
7HPS� 5LVH ; ����  &)0

(;$03/(� 8VLQJ D �� 0EWX 1RQ��&RQGHQVLQJ IXUQDFH
�HTXLSSHG ZLWK 3�6�&� PRWRU�RI WKLV VHULHV ZLWK DQ
RXWSXW RI ������ %WXK DQG D GHVLUHG WHPSHUDWXUH ULVH
RI ��E) �UDQJH RI ������E) DOORZDEOH� DQG DPHDVXUHG
H[WHUQDO VWDWLF SUHVVXUH RI ���µ :�&� ZKLOH RSHUDWLQJ RQ
PHGLXP��ORZ VSHHG ZLWK D GU\ FRLO�

������ RU ������
�� ; ���� ����  ���� &)0

&KHFNLQJ WKH EORZHU SHUIRUPDQFH GDWD IRU WKLV PRGHO�
�VHH )LJXUH ��� LQGLFDWHV WKDW # ���µ :�&� (�6�3�
PHGLXP��ORZ VSHHG GHOLYHUV ���� &)0� $FFRUGLQJO\�
PHGLXP��ORZ VSHHG LV WKH SURSHU VSHHG WR EH XVHG LQ
WKLV H[DPSOH IRU WKH +($7,1* VSHHG�

&22/,1*

$ EORZHU VSHHG PXVW EH VHOHFWHG WKDW ZLOO SURYLGH
SURSHU DLU IORZ �1RPLQDO ��� &)0 SHU WRQ� IRU WKH VL]H
�FDSDFLW\� DLU FRQGLW LRQLQJ FRL O EHLQJ XVHG DW WKH
H[ WH U QD O V WD W L F S UHVVX UH RI W KH 'XFW V\V W HP
�LQV WD O OD W LRQ�� 7KLV UHTX L UHV &+(&.,1* 7+(
(;7(51$/ 67$7,& 35(6685(� DQG WKHQ FRQVXOWLQJ
WKH %/2:(5 3(5)250$1&( '$7$ WR GHWHUPLQH WKH
UHTXLUHG VSHHG WDS�

(;$03/(� $ ������ %78 �� WRQ� DLU FRQGLWLRQLQJ
V\VWHP� XVLQJ WKH VDPH ������ %78 IXUQDFH DV LQ WKH
SUHYLRXV H[DPSOH� 7KH H[WHUQDO VWDWLF SUHVVXUH LV
PHDVXUHG ZLWK WKH XQLW RSHUDWLQJ RQ /RZ VSHHG� DQG
IRXQG WR EH ���µ :�&� ZLWK D ZHW FRLO�

��� &)0 �QRPLQDO� SHU WRQ UHTXLUHG

��� ; �  ��� &)0 UHTXLUHG

&KHFNLQJ WKH EORZHU SHUIRUPDQFH GDWD �VHH )LJXUH ���
IRU WKLV PRGHO LQGLFDWHV WKDW # ���µ :�&� (63 ORZ
VSHHG LV GHOLYHULQJ ��� &)0� $FFRUGLQJO\� ORZ VSHHG
LV WKH SURSHU VSHHG WR EH XVHG LQ WKLV H[DPSOH IRU WKH
&22/,1* VSHHG�

%/2:(5 3(5)250$1&( '$7$ ������ %78+)LJXUH ��

$LU 'HOLYHU\ LQ &XELF )HHW SHU 0LQXWH �&�)�0��
�)XUQDFH 5DWHG #���s :& (63�
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(;7(51$/ 67$7,& 35(6685(

([WHUQDO 6WDWLF 3UHVVXUH FDQ EHVW EH GHILQHG DV WKH
SUHVVXUH GLIIHUHQFH �GURS� EHWZHHQ WKH 3RVLWLYH
3UHVVXUH �GLVFKDUJH� DQG WKH 1HJDWLYH 3UHVVXUH
�LQWDNH� VLGHV RI WKH EORZHU� ([WHUQDO 6WDWLF 3UHVVXUH
LV GHYHORSHG E\ WKH EORZHU DV D UHVXOW RI UHVLVWDQFH WR
D L UI ORZ �)U LF W LRQ� LQ WKH D L U G LV W U LEXW LRQ V\V WHP
(;7(51$/ WR WKH IXUQDFH FDELQHW�

5HVLVWDQFH DSSOLHG H[WHUQDOO\ WR WKH IXUQDFH �,�(� 'XFW
ZRUN� &RLOV� +XPLGLILHUV� )LOWHUV� (WF�� RQ HLWKHU WKH
6XSS O\ RU 5HWXUQ VLGH RI WKH V\V WHP� FDXVHV DQ
,1&5($6( LQ ([WHUQDO 6WDWLF 3UHVVXUH� DFFRPSDQLHG
E\ D 5('8&7,21 LQ DLUIORZ�

([WHUQDO 6WDWLF 3UHVVXUH LV DIIHFWHG E\ WZR ��� IDFWRUV�

�� 5HVLVWDQFH WR $LUIORZ DV H[SODLQHG DERYH�

�� %ORZHU 6SHHG� &KDQJLQJ WR D KLJKHU RU ORZHU
EORZHU VSHHG WDS ZLOO UDLVH RU ORZHU WKH ([WHUQDO
6WDWLF 3UHVVXUH DFFRUGLQJO\�

7KHVH HIIHFWV 0867 EH XQGHUVWRRG DQG WDNHQ LQWR
FRQVLGHUDWLRQ ZKHQ FKHFNLQJ ([WHUQDO 6WDWLF 3UHVVXUH�
$LUIORZ WR LQVXUH WKDW WKH V\VWHP LV RSHUDWLQJ ZLWKLQ
GHVLJQ FRQGLWLRQV�

2SHUDWLQJ D V\VWHP ZLWK ,QVXIILFLHQW RU ([FHVVLYH DLU
I ORZ FDQ FDXVH D YDU L H W\ R I G L I IH UHQ W RSHUD W LQJ
SUREOHPV� $PRQJ WKHVH DUH SUHPDWXUH KHDW LQJ
FRPSRQHQW DQG�RU FRPSUHVVRU IDLOXUHV� UHGXFHG
FDSDFLW\� IUHH]LQJ HYDSRUDWRU FRLOV� HWF�

6\VWHP DLU IORZ VKRXOG $/:$<6 EH YHULILHG XSRQ
FRPSOH W LRQ RI D QHZ LQV WDO OD W LRQ � RU %()25( D
FKDQJH��RXW� KHDW H[FKDQJHU UHSODFHPHQW� RU LQ WKH
FDVH RI D FRPSUHVVRU IDLOXUH WR LQVXUH WKDW WKH IDLOXUH
ZDV QRW FDXVHG E\ LPSURSHU DLU IORZ�
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)LJXUH �� &KHFNLQJ 6WDWLF 3UHVVXUH

6XSSO\

,QGRRU
6HFWLRQ

,QFOLQHG
0DQRPHWHU

5HWXUQ

&+(&.,1* (;7(51$/ 67$7,& 35(6685(

7KH DLU IORZ WKURXJK WKH XQLW FDQ EH GHWHUPLQHG E\
PHDVXULQJ WKH H[WHUQDO VWDWLF SUHVVXUH RI WKH V\VWHP�
DQG FRQVXOWLQJ WKH EORZHU SHUIRUPDQFH GDWD IRU WKH
SDUWLFXODU PRGHO IXUQDFH \RX KDYH�

�� 6HW XS WR PHDVXUH H[WHUQDO VWDWLF SUHVVXUH DW WKH
VXSSO\ DQG UHWXUQ GXFW FRQQHFWLRQV �6HH
)LJXUH ����

�� 'ULOO KROHV LQ WKH GXFWV IRU SUHVVXUH WDSV� SLWRW
WXEHV� RU RWKHU DFFXUDWH SUHVVXUH VHQVLQJ GHYLFHV�

�� &RQQHFW WKHVH WDSV WR D OHYHO LQFOLQHG PDQRPHWHU
RU 0DJQHKHOLF JDXJH�

�� (QVXUH WKH FRLO DQG ILOWHU DUH FOHDQ� DQG DOO WKH
UHJLVWHUV DUH RSHQ�

�� 'HWHUPLQH WKH H[WHUQDO VWDWLF SUHVVXUH ZLWK WKH
EORZHU RSHUDWLQJ�

�� 5HIHU WR WKH $LU )ORZ 'DWD IRU \RXU SDUWLFXODU
IXUQDFH WR ILQG WKH DFWXDO DLUIORZ IRU WKH FXUUHQW
VSHHG WDS �RU GLS VZLWFK VHWWLQJ��

�� ,I WKH$FWXDO DLUIORZ LV HLWKHU WRR KLJK� RU WRR ORZ� WKH
EORZHU VSHHG WDS �RU GLS VZLWFK VHWWLQJ�ZLOO QHHG WR
EH FKDQJHG�

�� 5HIHU WR &KDQJLQJ %ORZHU 6SHHGV RQ WKH SDJHV WKDW
IROORZ IRU WKH SURSHU SURFHGXUH�

�� 6HOHFW WKH VSHHG WDS �RU GLS VZLWFK VHWWLQJ� WKDW
DSSHDUV WR PRVW FORVHO\ SURYLGH WKH UHTXLUHG DLU
IORZ IRU WKH V\VWHP�

��� 5HFKHFN WKH H[WHUQDO VWDWLF SUHVVXUH ZLWK WKH QHZ
VSHHG WDS� ([WHUQDO VWDWLF SUHVVXUH �DQG DFWXDO
DLUIORZ� ZLOO ERWK KDYH FKDQJHG �HLWKHU KLJKHU� RU
ORZHU�� GHSHQGLQJ XSRQ VSHHG WDS VHOHFWHG�
5HFKHFN WKH DFWXDO DLUIORZ �DW WKLV ´QHZµ VWDWLF
SUHVVXUH� WR FRQILUP VSHHG WDS VHOHFWLRQ�

��� 5HSHDW VWHSV �� DQG ��� �LI QHFHVVDU\� XQWLO SURSHU
6SHHG 7DS �DQG DLUIORZ� KDV EHHQ REWDLQHG�

)LJXUH �� &KHFNLQJ 7HPSHUDWXUH 5LVH

7KHUPRPHWHU�
5HWXUQ $LU
7HPS�

7KHUPRPHWHU�
6XSSO\ $LU 7HPS�

5HWXUQ

6XSSO\

$LU )ORZ

$LU )ORZ

&+(&.,1* $3352;,0$7( $,5 )/2:

,I DQ LQFOLQHG PDQRPHWHU RU 0DJQHKHOLF JDXJH ,6 127
DYDLODEOH WR FKHFN WKH ([WHUQDO 6WDWLF 3UHVVXUH� 25 WKH
EORZHU SHUIRUPDQFH GDWD LV XQDYDL ODEOH IRU \RXU
IXUQDFH� DSSUR[LPDWH DLU IORZ FDQ EH FDOFXODWHG E\
0HDVXULQJ WKH WHPSHUDWXUH U LVH� WKHQ XVLQJ WKH
IROORZLQJ FULWHULD�

7KH DSSUR[LPDWH &)0 DFWXDOO\ EHLQJ GHOLYHUHG FDQ EH
FDOFXODWHG �LI WKH 287387 %WX RI WKH IXUQDFH LV NQRZQ�
E\ RSHUDWLQJ WKH V\VWHP LQ +($7,1*� DQG XVLQJ WKH
IROORZLQJ IRUPXOD�

2XWSXW %78
7HPS� 5LVH [ ����  &)0

(;$03/(� 8VLQJ D ��� 0EWX ,QSXW� IXUQDFH ZLWK DQ
287387 RI ������ %WXK DQG D PHDVXUHG WHPSHUDWXUH
ULVH RI ��E)�

������ RU ������
�� [ ���� ��  ���� &)0

127(� 7KLV VDPH PHWKRG FDQ EH XVHG �RQ PRGHOV
HTX LSSHG ZL WK D 3�6�&� PRWRU � WR GHWHUPLQH WKH
&22/,1* DLUIORZ� E\ 7(0325$5,/< FRQQHFWLQJ WKH
FRROLQJ VSHHG WDS ZLUH WR WKH +($7 WHUPLQDO RI WKH )$1
&RQWURO� 1(9(5 FRQQHFW WZR ��� VSHHG WDS ZLUHV WR WKH
VDPH WHUPLQDO� 'RLQJ VR ZLOO FDXVH PRWRU IDLOXUH�
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&+$1*,1* %/2:(5 63(('6

7KH SURFHGXUH IRU FKDQJLQJ EORZHU VSHHGV �LI QHHGHG�
GLIIHUV EDVHG RQ ZKHWKHU WKH XQLW LV D YDULDEOH VSHHG
PRGH O � R U D � VSHHG PRGH O � � �6HH )LJXUH �� DQG
)LJXUH �� DQG WKH DSSURSULDWH VHFWLRQV IRU WKH PRGHO
\RX DUH VHUYLFLQJ��

(OHFWULFDO VKRFN KD]DUG�

7XUQ 2)) SRZHU WR IXUQDFH EHIRUH FKDQJLQJ
EORZHU VSHHGV�

)DLOXUH WR GR VR FDQ UHVXOW LQ SHUVRQDO LQMXU\
DQG�RU GHDWK�

9$5,$%/( 63((' 02'(/6 �� '�&� 02725

7KH KHDWLQJ� FRROLQJ DQG FLUFXODWLQJ EORZHU VSHHGV FDQ
EH DGMXVWHG E\ FKDQJLQJ WKH VZLWFK VHWWLQJV WKDW DUH
ORFDWHG RQ WKH VLGH RI WKH EORZHU PRWRU �VHH )LJXUH ����
6ZLWFKHV �� DQG �� DGMXVW WKH FLUFXODW LQJ EORZHU
VSHHG� 6ZLWFKHV ��� �� DQG �� DGMXVW WKH KHDWLQJ
VSHHGV� 6ZLWFKHV ��� �� DQG �� DGMXVW WKH FRROLQJ
VSHHG� 6HH WKH 7HFKQLFDO 6HUYLFH 'DWD 6KHHW IRU WKH
PRGHO \RX DUH VHUYLFLQJ WR REWDLQ WKH VZLWFK VHWWLQJV IRU
WKH GHVLUHG DLUIORZ UDWHV�

'�&� %ORZHU 0RWRU)LJXUH ��

&,5&8/$7,1*

&)0 6(/(&7

+($7,1*

7�5� 6(/(&7 &22/,1*

&)0 6(/(&7

�

6ZLWFK 3RVLWLRQ

�

6HWWLQJ  ���

(;$03/( �� �� 0EWX )XUQDFH
$LUIORZ # ��� ´ 6WDWLF�

��� ��� 7RQ
��� ��� 7RQ
��� ��� 7RQ
��� ��� 7RQ

127(� 3RZHU PXVW EH FRPSOHWHO\ 2)) WR XQLW DQ\ WLPH
VZLWFKVHWWLQJVDUH FKDQJHGRU VHWWLQJVZLOO QRW WDNHHIIHFW�

&LUFXODWLQJ �&)0� # ����ss 6WDWLF

6ZLWFK 6HWWLQJV )XUQDFH 0RGHO

�� �� ��. ��. ���. ���.

� � ��� ��� ��� ����

� � ��� ��� ��� ����

� � ��� ��� ���� ����

� � ���� ��� ���� ����

)DFWRU\ 6HWWLQJ

+HDWLQJ $LU 7HPSHUDWXUH 5LVH �qq )�

6ZLWFK 6HWWLQJV )XUQDFH 0RGHO

�� �� �� ��. ��. ���. ���.

� � � �� �� �� ��

� � � �� �� �� ��

� � � �� �� �� ��

� � � �� �� �� ��

� � � �� �� �� ��

� � � �� �� �� ��

� � � �� �� �� ��

� � � �� �� �� ��

$SSUR[LPDWH DLU WHPSHUDWXUH ULVH# ����s VWDWLF RQ KLJK KHDW�
�ORZ KHDW VSHHG FKDQJHV ZLWK FKDQJH RI KLJK KHDW VSHHG RQ PRVW

VHWWLQJV�
)DFWRU\ VHWWLQJ

&RROLQJ �&)0� # ����ss 6WDWLF

6ZLWFK 6HWWLQJV )XUQDFH 0RGHO

�� �� �� ��. ��. ���. ���.

� � � ���� ���� ���� ����

� � � ���� ���� ���� ����

� � � ���� ���� ���� ����

� � � ��� ���� ���� ����

� � � ��� ��� ���� ����

� � � ��� ��� ���� ����

� � � ��� ��� ��� ����

� � � ��� ��� ��� ���

)DFWRU\ VHWWLQJ
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� 63((' 02'(/6 �� 3�6�&� 02725

+($7,1* 63(('6

6KRXOG LW EH QHFHVVDU\ WR FKDQJH EORZHU VSHHGV WR
REWDLQ SURSHU WHPSHUDWXUH ULVH RQ HLWKHU �RU ERWK� +LJK
ILUH� DQG�RU /RZ )LUH� 6LPSO\ WDNH WKH DSSURSULDWH
VSHHG WDS ZLUH� DQG SOXJ LW RQ WR WKH WHUPLQDO PDUNHG
´+($7 +,*+µ RU ´+($7 /2:µ UHVSHFW LYHO\ RQ WKH
+21(<:(// 67����$ FRQWURO�

)LJXUH ��
� 6SHHG 0RGHOV

%ORZHU 6SHHG 7DSV

:LUH &RORU 0RWRU 6SHHG

%ODFN +LJK

2UDQJH 0HGLXP��+LJK

%OXH 0HGLXP��/RZ

5HG /RZ

&22/,1* 63(('

:KHQ WKH SURSHU VSHHG KDV EHHQ GHWHUPLQHG� VLPSO\
SOXJ L W RQ WR WKH WHUPLQDO PDUNHG µ&22/µ RQ WKH
+21(<:(// 67����$ FRQWURO�

´0� µ 	 ´0� µ 7(50,1$/6

7KHUH DUH WZR ��� WHUPLQDOV �PDUNHG ´0�µ 	 ´0�µ� RQ
WKH +21(<:(// 67����$ FRQWURO ZKLFK KDYH QR

LQWHUQDO FRQQHFWLRQ WR WKH FRQWURO� 7KHLU SXUSRVH LV WR
SURYLGH D SODFH WR FRQQHFW� RU ´3$5.µ DQ\ ´8186('µ
VSHHG WDS ZLUHV �3�6�&� PRWRUV 21/<� WR NHHS WKHP
RXW RI WKH ZD\ DQG SUHYHQW WKHP IURP VKRUWLQJ RXW
DJDLQVW WKH IXUQDFH FDVLQJ� RU HDFK RWKHU�

)LJXUH �� +RQH\ZHOO 67����

'LS 6ZLWFK

<� 7HUPLQDO

0� 	 0� 7HUPLQDOV

&RROLQJ

7HUPLQDO

+HDWLQJ

7HUPLQDOV
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�&21'(16,1* 02'(/6�

)LJXUH �� ´([SORGHGµ 3DUWV 9LHZ �� 7\SLFDO &RQGHQVLQJ 0RGHO

6HFRQGDU\ +HDW ([FKDQJHU
�� 7XUQ ´2))µ HOHFWULFDO SRZHU DQG JDV VXSSO\�

�� 'LVFRQQHFW YHQW SLSH WR IXUQDFH DW IOH[LEOH FRXSOLQJ�

�� 5HPRYH FRPEXVWLRQ EORZHU�

�� 5HPRYHPDFKLQH VFUHZV VHFXULQJ LQWHUQDO GUDLQ
WUDS DVVHPEO\ WR IXUQDFH IURQW SDUWLWLRQ�

�� 5HPRYH WKH FROOHFWRU ER[�

�� 5HPRYHPDFKLQH VFUHZV VHFXULQJ VHFRQGDU\ KHDW
H[FKDQJHU LQOHW IODQJH WR ORZHU SDUWLWLRQ�

�� 5HPRYH VFUHZV DURXQG SHULPHWHU RI ORZHU SDUWLWLRQ

�� 5HPRYH ORZHU SDUWLWLRQ�

�� 5HPRYH FRQGLWLRQHG DLU EORZHU DVVHPEO\�

��� 5HPRYH VFUHZV VHFXULQJ VHFRQGDU\ KHDW
H[FKDQJHUWR WKH VXSSRUWV�

��� &RLO FDQ QRZ EH UHPRYHG IURP IXUQDFH�

��� 5HYHUVH SURFHGXUH WR UHLQVWDOO�

3ULPDU\ +HDW ([FKDQJHU
�� 7XUQ ´2))µ HOHFWULFDO SRZHU DQG JDV VXSSO\�

�� 'LVFRQQHFW YHQW SLSH WR IXUQDFH DW IOH[LEOH FRXSOLQJ�

�� 'LVFRQQHFW FRPEXVWLRQ DLU LQOHW SLSH DW EXUQHU ER[�

�� 5HPRYH IXUQDFH WRS SDQHO�

�� 'LVFRQQHFW JDV SLSLQJ WR IXUQDFH DW JDV YDOYH�

1RWH� %HIRUH SHUIRUPLQJ QH[W VWHS� LQVXUH WKDW WKH ZLULQJ
GLDJUDP LV DYDLODEOH DQG UHDGDEOH� RU WDJ DOO ZLUHV ILUVW�

�� 'LVFRQQHFW WXELQJ DQG ZLULQJ WR SUHVVXUH VZLWFKHV�
OLPLW VZLWFKHV� DQG JDV YDOYH�

�� 5HPRYH VFUHZV VHFXULQJ EXUQHU ER[ WR IURQW
SDUWLWLRQ�

�� 5HPRYH FRPEXVWLRQ EORZHU�

�� 5HPRYHPDFKLQH VFUHZV VHFXULQJ WUDQVLWLRQ
DVVHPEO\ WR IXUQDFH IURQW SDUWLWLRQ�

��� 5HPRYH WKH FROOHFWRU ER[�

��� 5HPRYHPDFKLQH VFUHZV VHFXULQJ VHFRQGDU\ KHDW
H[FKDQJHU LQOHW IODQJH WR ORZHU SDUWLWLRQ�

��� 5HPRYH VFUHZV DURXQG SHULPHWHU RI ERWK WKH XSSHU
DQG ORZHU SDUWLWLRQV �OHDYLQJ WKH VFUHZV DFURVV WKH
FHQWHU RI WKH WZR SDQHOV LQ SODFH��

��� 3ULPDU\ +HDW ([FKDQJHU FDQ QRZ EH UHPRYHG ZLWK
ERWK XSSHU DQG ORZHU SDUWLWLRQV DWWDFKHG�

��� 5HYHUVH SURFHGXUH WR UH��LQVWDOO� PDNLQJ VXUH WKDW
DQ\JDVNHWV WKDW KDYH EHHQ WRUQ GXULQJGLVDVVHPEO\
DUH UHSODFHG ZLWK QHZ RQHV�

��� $IWHU UH��DVVHPEO\� WXUQ WKH JDV VXSSO\ RQ� DQG
FKHFN IRU OHDNV� $OO OHDNV PXVW EH UHSDLUHG
LPPHGLDWHO\�

��� 3HUIRUP DQ RSHUDWLRQDO FKHFN RI WKH IXUQDFH�
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+($7 (;&+$1*(5 5(029$/�5(3/$&(0(17

�121��&21'(16,1* 02'(/6�

´([SORGHGµ3DUWV9LHZ �� 7\SLFDO 1RQ��&RQGHQVLQJ0RGHO)LJXUH ��

�� 7XUQ µ2))µ HOHFWULFDO SRZHU DQG JDV VXSSO\ WR
IXUQDFH�

�� 'LVFRQQHFW YHQW SLSH WR IXUQDFH DW H[KDXVW
EORZHU�

�� 'LVFRQQHFW JDV SLSLQJ WR JDV YDOYH�

�� 5HPRYH FRYHU IURP MXQFWLRQ ER[ LQ IXUQDFH� DQG
GLVFRQQHFW HOHFWULFDO VXSSO\ ZLULQJ LQVLGH
MXQFWLRQ ER[�

1RWH� %HIRUH SHUIRUPLQJ QH[W VWHS� LQVXUH WKDW WKH
ZLULQJ GLDJUDP LV DYDLODEOH DQG UHDGDEOH� RU WDJ

DOO ZLUHV ILUVW�

�� 'LVFRQQHFW ZLULQJ WR SUHVVXUH VZLWFKHV� OLPLW
VZLWFK� UROO��RXW VZLWFK�HV�� FRPEXVWLRQ EORZHU�
DQG JDV YDOYH�

�� 5HPRYH MXQFWLRQ ER[� SUHVVXUH VZLWFKHV DQG OLPLW
VZLWFK�

�� 5HPRYH FRPEXVWLRQ EORZHU

�� 5HPRYH WKH FROOHFWRU ER[

��� 5HPRYH VFUHZV VHFXULQJ EXUQHU HQFORVXUH DQG�RU
PDQLIROG VXSSRUW EUDFNHWV WR IURQW SDUWLWLRQ�

��� 5HPRYH WRS SDQHO

��� 5HPRYH VFUHZV DURXQG SHULPHWHU RI IURQW SDUWLWLRQ

��� +HDW H[FKDQJHU FDQ QRZ EH UHPRYHG IURP IXUQDFH�

��� 5HYHUVH SURFHGXUH WR UH��LQVWDOO� PDNLQJ VXUH WKDW
DQ\ JDVNHWV WKDW KDYH EHHQ WRUQ GXULQJ
GLVDVVHPEO\ DUH UHSODFHG ZLWK QHZ RQHV�

��� $IWHU UH��DVVHPEO\� WXUQ WKH JDV VXSSO\ RQ� DQG
FKHFN IRU OHDNV� $OO OHDNV PXVW EH UHSDLUHG
LPPHGLDWHO\�

��� 3HUIRUP DQ RSHUDWLRQDO FKHFN RI WKH IXUQDFH�
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7(&+1,&$/ 6(59,&( '$7$ ,1'(;
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7HFKQLFDO 6HUYLFH 'DWD 6KHHW ��

Gas Type Nat LP
Input (Btuh) Std/Alt. Hi Fire 50,000 50,000

Lo Fire 35,000 35,000
Output (Btuh) Std/Alt. Hi Fire 40,000 40,000

Lo Fire 28,000 28,000
Temp. Rise (°F) Hi Fire 35–65 35–65

Lo Fire 35–65 35–65
Electrical (Volts/Hz/FLA) 115/60/5.3 115/60/5.3
Transformer  Size  (VA) 40 40
T’stat Heat Anticipator .10 .10
Gas Valve HW SV9540 HW SV9540
Regulation Type SNAP SNAP
Manifold Press. Hi Fire (″ WC) 3.5 10.0

                    Lo Fire (″ WC) 1.7 4.9
Std. Main Orifices (No/Size) 2/#42 2/#54
Pilot Orifice Size .018 .011
Ignition Type/Series HW HSP HW HSP

Flue Outlet Size (″ ) 3 3
Std. Outlet Temp (°F) <480 <480

Thermal Sensor (°F) 300 300
Limit Control Setting (°F) 260 260
Auxiliary Limit (°F) 130 130
Fan Control (Type) HW ST9162A HW ST9162A
Fan Control On 30/60 30/60
(Timed–Secs) Off 60,100,140,180 60,100,140,180
Std. Pressure Sw. Hi Fire (Part No) 1010945 1010945

Neg. Pressure (Close) –0.95 –0.95
Neg. Pressure (Open) –0.80 –0.80

Std. Pressure Sw. Lo Fire (Part No) 1011739 1011739
Neg. Pressure (Close) –0.53 –0.53
Neg. Pressure (Open) –0.35 –0.35

High Alt.  Restrictor (Part No)(Size) 734020033(0.87) 734020033(0.87)
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.TAP LOW MED L MED MED H HIGH
.10 318 405 –– 479 658
.20 312 399 –– 472 633
.30 307 387 –– 461 608
.40 300 375 –– 449 579
.50 287 361 –– 431 549
.60 266 347 –– 411 513
.70 243 323 –– 386 473

Manufacturers  Number  (Mfr  No – See Rating Plate) NTP6050FBA/TNE050B12A

Type & Size 10–8 Filt Type Washable
Motor Amps/RPM 6.5/1050 Filt Size (″) 14x25x1
Motor Type/ H.P. PSC/1/3 Min. Cool
Cap. MFD/Volts 5/370 Cap. (Tons) 1.5

Max. Cool
Cap. (Tons) 3

Air Delivery in Cubic Feet per Minute (C.F.M.)
(Furnace Rated @0.5 ″ WC ESP)

.TAP LOW MED L MED MED H HIGH
.10 675 859 –– 1015 1394
.20 662 846 –– 999 1342
.30 651 819 –– 977 1289
.40 636 795 –– 952 1227
.50 608 765 –– 914 1163
.60 564 735 –– 870 1086
.70 514 685 –– 818 1002

Specifications Circulation Air Blower Data
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 Air Delivery in Liters per Second (L/S)
(Furnace Rated @0.5 ″ WC ESP)
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Gas Type Nat LP
Input (Btuh) Std/Alt. Hi Fire 75,000 75,000

Lo Fire 52,500 52,500
Output (Btuh) Std/Alt. Hi Fire 60,000 60,000

Lo Fire 42,000 42,000
Temp. Rise (°F) Hi Fire 35–65 35–65

Lo Fire 35–65 35–65
Electrical (Volts/Hz/FLA) 115/60/9.2 115/60/9.2
Transformer  Size  (VA) 40 40
T’stat Heat Anticipator .10 .10
Gas Valve HW SV9540 HW SV9540
Regulation Type SNAP SNAP
Manifold Press. Hi Fire (″ WC) 3.5 10.0

                    Lo Fire (″ WC) 1.7 4.9
Std. Main Orifices (No/Size) 3/#42 3/#54
Pilot Orifice Size .018 .011
Ignition Type/Series HW HSP HW HSP

Flue Outlet Size (″ ) 3 3
Std. Outlet Temp (°F) <480 <480

Thermal Sensor (°F) 300 300
Limit Control Setting (°F) 300 300
Auxiliary Limit (°F) 130 130
Fan Control (Type) HW ST9162A HW ST9162A
Fan Control On 30/60 30/60
(Timed–Secs) Off 60,100,140,180 60,100,140,180
Std. Pressure Sw. Hi Fire (Part No) 1010945 1010945

Neg. Pressure (Close) –0.95 –0.95
Neg. Pressure (Open) –0.80 –0.80

Std. Pressure Sw. Lo Fire (Part No) 1011739 1011739
Neg. Pressure (Close) –0.53 –0.53
Neg. Pressure (Open) –0.35 –0.35

High Alt.  Restrictor (Part No)(Size) 734020026(1.12) 734020026(1.12)

Manufacturers  Number  (Mfr  No – See Rating Plate) NTP6075GFA/TNE075F14A

Type & Size 10–10 Filt Type Washable
Motor Amps/RPM 6.5/1050 Filt Size (″) 16x25x1
Motor Type/ H.P. PSC/1/2 Min. Cool
Cap. MFD/Volts 7.5/370 Cap. (Tons) 1.5

Max. Cool
Cap. (Tons) 3.5

Air Delivery in Cubic Feet per Minute (C.F.M.)
(Furnace Rated @0.5 ″ WC ESP)

Specifications Circulation Air Blower Data
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 Air Delivery in Liters per Second (L/S)
(Furnace Rated @0.5 ″ WC ESP)

.TAP LOW MED L MED MED H HIGH
.10 815 1043 –– 1324 1649
.20 783 1030 –– 1302 1616
.30 755 1021 –– 1280 1592
.40 735 989 –– 1255 1546
.50 704 968 –– 1218 1502
.60 668 941 –– 1171 1425
.70 646 881 –– 1100 1353

.TAP LOW MED L MED MED H HIGH
.10 385 492 –– 625 778
.20 370 486 –– 615 763
.30 356 482 –– 604 751
.40 347 467 –– 592 730
.50 332 457 –– 575 709
.60 315 444 –– 553 673
.70 305 415 –– 519 639
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.TAP LOW MED L MED MED H HIGH
.10 385 492 –– 625 778
.20 370 486 –– 615 763
.30 356 482 –– 604 751
.40 347 467 –– 592 730
.50 332 457 –– 575 709
.60 315 444 –– 553 673
.70 305 415 –– 519 639

Gas Type Nat LP
Input (Btuh) Std/Alt. Hi Fire 100,000 100,000

Lo Fire 70,000 70,000
Output (Btuh) Std/Alt. Hi Fire 80,000 80,000

Lo Fire 56,000 56,000
Temp. Rise (°F) Hi Fire 45–75 45–75

Lo Fire 45–75 45–75
Electrical (Volts/Hz/FLA) 115/60/9.2 115/60/9.2
Transformer  Size  (VA) 40 40
T’stat Heat Anticipator .10 .10
Gas Valve HW SV9540 HW SV9540
Regulation Type SNAP SNAP
Manifold Press. Hi Fire (″ WC) 3.5 10.0

                    Lo Fire (″ WC) 1.7 4.9
Std. Main Orifices (No/Size) 4/#42 4/#54
Pilot Orifice Size .018 .011
Ignition Type/Series HW HSP HW HSP

Flue Outlet Size (″ ) 3 3
Std. Outlet Temp (°F) <480 <480

Thermal Sensor (°F) 300 300
Limit Control Setting (°F) 270 270
Auxiliary Limit (°F) 130 130
Fan Control (Type) HW ST9162A HW ST9162A
Fan Control On 30/60 30/60
(Timed–Secs) Off 60,100,140,180 60,100,140,180
Std. Pressure Sw. Hi Fire (Part No) 1010945 1010945

Neg. Pressure (Close) –0.95 –0.95
Neg. Pressure (Open) –0.80 –0.80

Std. Pressure Sw. Lo Fire (Part No) 1011739 1011739
Neg. Pressure (Close) –0.53 –0.53
Neg. Pressure (Open) –0.35 –0.35

High Alt.  Restrictor (Part No)(Size) 734020027(1.37) 734020027(1.37)

Manufacturers  Number  (Mfr  No – See Rating Plate) NTP6100GFA/TNE100F14A

Type & Size 10–10 Filt Type Washable
Motor Amps/RPM 6.5/1050 Filt Size (″) 16x25x1
Motor Type/ H.P. PSC/1/2 Min. Cool
Cap. MFD/Volts 7.5/370 Cap. (Tons) 1.5

Max. Cool
Cap. (Tons) 3.5

Air Delivery in Cubic Feet per Minute (C.F.M.)
(Furnace Rated @0.5 ″ WC ESP)

.TAP LOW MED L MED MED H HIGH
.10 815 1043 –– 1324 1649
.20 783 1030 –– 1302 1616
.30 755 1021 –– 1280 1592
.40 735 989 –– 1255 1546
.50 704 968 –– 1218 1502
.60 668 941 –– 1171 1425
.70 646 881 –– 1100 1353

Specifications Circulation Air Blower Data
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 Air Delivery in Liters per Second (L/S)
(Furnace Rated @0.5 ″ WC ESP)
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Gas Type Nat LP
Input (Btuh) Std/Alt. Hi Fire 100,000 100,000

Lo Fire 70,000 70,000
Output (Btuh) Std/Alt. Hi Fire 79,000 79,000

Lo Fire 56,000 56,000
Temp. Rise (°F) Hi Fire 45–75 45–75

Lo Fire 45–75 45–75
Electrical (Volts/Hz/FLA) 115/60/12 115/60/12
Transformer  Size  (VA) 40 40
T’stat Heat Anticipator .10 .10
Gas Valve HW SV9540 HW SV9540
Regulation Type SNAP SNAP
Manifold Press. Hi Fire (″ WC) 3.5 10.0

                    Lo Fire (″ WC) 1.7 4.9
Std. Main Orifices (No/Size) 4/#42 4/#54
Pilot Orifice Size .018 .011
Ignition Type/Series HW HSP HW HSP

Flue Outlet Size (″ ) 3 3
Std. Outlet Temp (°F) <480 <480

Thermal Sensor (°F) 300 300
Limit Control Setting (°F) 180 180
Auxiliary Limit (°F) 130 130
Fan Control (Type) HW ST9162A HW ST9162A
Fan Control On 30/60 30/60
(Timed–Secs) Off 60,100,140,180 60,100,140,180
Std. Pressure Sw. Hi Fire (Part No) 1010945 1010945

Neg. Pressure (Close) –0.95 –0.95
Neg. Pressure (Open) –0.80 –0.80

Std. Pressure Sw. Lo Fire (Part No) 1011739 1011739
Neg. Pressure (Close) –0.53 –0.53
Neg. Pressure (Open) –0.35 –0.35

High Alt.  Restrictor (Part No)(Size) 734020027(1.37) 734020027(1.37)
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Type & Size 11–10 Filt Type Washable
Motor Amps/RPM 11.0/900 Filt Size (″) 16x25x2
Motor Type/ H.P. PSC/3/4 Min. Cool
Cap. MFD/Volts 10/370 Cap. (Tons) 3

Max. Cool
Cap. (Tons) 5
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Manufacturers  Number  (Mfr  No – See Rating Plate) NTP6100KJA/TNE100J20A

Air Delivery in Cubic Feet per Minute (C.F.M.)
(Furnace Rated @0.5 ″ WC ESP)

Specifications Circulation Air Blower Data
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 Air Delivery in Liters per Second (L/S)
(Furnace Rated @0.5 ″ WC ESP)

.TAP LOW MED L MED MED H HIGH
.10 1210 1441 –– 1773 2104
.20 1201 1430 –– 1740 2078
.30 1197 1453 –– 1740 2061
.40 1191 1441 –– 1718 2020
.50 1167 1425 –– 1707 2005
.60 1160 1390 –– 1676 1953
.70 1130 1365 –– 1654 1917

.TAP LOW MED L MED MED H HIGH
.10 571 680 –– 837 993
.20 567 675 –– 821 981
.30 565 686 –– 821 973
.40 562 680 –– 811 953
.50 552 673 –– 806 946
.60 548 656 –– 791 922
.70 533 644 –– 781 905
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Gas Type Nat LP
Input (Btuh) Std/Alt. Hi Fire 125,000 100,000

Lo Fire 87,500 87,000
Output (Btuh) Std/Alt. Hi Fire 89,000 89,000

Lo Fire 72,000 72,000
Temp. Rise (°F) Hi Fire 40–70 40–70

Lo Fire 40–70 40–70
Electrical (Volts/Hz/FLA) 115/60/12 115/60/12
Transformer  Size  (VA) 40 40
T’stat Heat Anticipator .10 .10
Gas Valve HW SV9540 HW SV9540
Regulation Type SNAP SNAP
Manifold Press. Hi Fire (″ WC) 3.5 10.0

                    Lo Fire (″ WC) 1.7 4.9
Std. Main Orifices (No/Size) 5/#42 5/#54
Pilot Orifice Size .018 .011
Ignition Type/Series HW HSP HW HSP

Flue Outlet Size (″ ) 3 3
Std. Outlet Temp (°F) <480 <480

Thermal Sensor (°F) 300 300
Limit Control Setting (°F) 150 150
Auxiliary Limit (°F) 130 130
Fan Control (Type) HW ST9162A HW ST9162A
Fan Control On 30/60 30/60
(Timed–Secs) Off 60,100,140,180 60,100,140,180
Std. Pressure Sw. Hi Fire (Part No) 1010945 1010945

Neg. Pressure (Close) –0.95 –0.95
Neg. Pressure (Open) –0.80 –0.80

Std. Pressure Sw. Lo Fire (Part No) 1011739 1011739
Neg. Pressure (Close) –0.53 –0.53
Neg. Pressure (Open) –0.35 –0.35

High Alt.  Restrictor (Part No)(Size) 734020035(1.62) 734020035(1.62)
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.TAP LOW MED L MED MED H HIGH
.10 597 717 –– 869 1020
.20 590 711 –– 851 1006
.30 590 701 –– 836 981
.40 575 687 –– 819 964
.50 551 674 –– 803 940
.60 556 668 –– 789 903
.70 540 641 –– 762 868

Manufacturers  Number  (Mfr  No – See Rating Plate) NTP6125KJA/TNE125J20A

Type & Size 11–10 Filt Type Washable
Motor Amps/RPM 11.9/900 Filt Size (″) 16x25x1(2)
Motor Type/ H.P. PSC3/4 Min. Cool
Cap. MFD/Volts 10/370 Cap. (Tons) 3

Max. Cool
Cap. (Tons) 5

Air Delivery in Cubic Feet per Minute (C.F.M.)
(Furnace Rated @0.5 ″ WC ESP)

.TAP LOW MED L MED MED H HIGH
.10 1264 1520 –– 1841 2161
.20 1251 1506 –– 1803 2132
.30 1249 1486 –– 1772 2079
.40 1219 1456 –– 1736 2042
.50 1168 1427 –– 1702 1991
.60 1178 1415 –– 1672 1914
.70 1143 1358 –– 1614 1838

Specifications Circulation Air Blower Data
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 Air Delivery in Liters per Second (L/S)
(Furnace Rated @0.5 ″ WC ESP)
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Type & Size 10–8 Filt Type Washable
Motor Amps/RPM 4.6/1050 Filt Size (”) 16x25x1
Motor Type/ H.P. PSC/1/3 Min. Cool
Cap. MFD/Volts 5/370 Cap. (Tons) 1.5

Max. Cool
Cap. (Tons) 3

TAP LOW MED L MED H HIGH
.10 339 396 523 695
.20 339 395 516 675
.30 337 395 513 659
.40 327 387 502 637
.50 311 373 485 609
.60 290 355 465 577
.70 266 322 441 538

TAP LOW MED L MED H HIGH
.10 718 840 1109 1473
.20 719 838 1094 1431
.30 714 837 1086 1396
.40 692 819 1063 1349
.50 660 791 1027 1291
.60 615 752 986 1222
.70 563 683 934 1141

Manufacturers  Number  (Mfr  No – See Rating Plate) NTPM050FFA1/TNK050F12A1
Specifications Circulation Air Blower Data

 
 Air Delivery in Cubic Feet per Minute (C.F.M.)

(Furnace Rated @0.5 ″ WC ESP)

 Air Delivery in Liters Per Second (L/S)
(Furnace Rated @0.5 ″ WC ESP)
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Type & Size 10–8 Filt Type Washable
Motor Amps/RPM 6.8/1050 Filt Size (”) 16x25x1
Motor Type/ H.P. PSC/1/2 Min. Cool
Cap. MFD/Volts 75/370 Cap. (Tons) 2

Max. Cool
Cap. (Tons) 3.5

TAP LOW MED L MED H HIGH
.10 367 464 596 744
.20 371 473 589 723
.30 373 473 587 703
.40 372 472 573 676
.50 369 463 560 647
.60 361 454 541 617
.70 351 436 516 580

TAP LOW MED L MED H HIGH
.10 778 984 1263 1576
.20 786 1003 1249 1532
.30 790 1003 1244 1489
.40 788 1001 1215 1432
.50 781 982 1186 1371
.60 765 962 1146 1308
.70 743 923 1094 1229

Specifications Circulation Air Blower Data

 
 Air Delivery in Cubic Feet per Minute (C.F.M.)

(Furnace Rated @0.5 ″ WC ESP)

 Air Delivery in Liters Per Second (L/S)
(Furnace Rated @0.5 ″ WC ESP)
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Manufacturers  Number  (Mfr  No – See Rating Plate) NTPM075GFA1/TNK075F14A1



7ZR 6WDJH *DV )XUQDFH6HUYLFH 0DQXDO

��

7HFKQLFDO 6HUYLFH 'DWD 6KHHWV �� 	 ��

�(8�%>6,  (9 �"

�0��07, �5��07, �0��07, ��5��07, �0��07, �5��07,

�46:9���9:/��$9+	�29� �

�


 �
�


 �

�


 �
�




!:96:9���9:/��$9+	�29� ���


 ����

 ���


 ����



%,36��#08,��°�� �
��
 
��
 �
��
 
��


�2,*970*(2��&5298	�?	���� ���	�
	��� ���	�
	���

%7(48-573,7��$0?,���&�� �
 �


%�89(9��,(9��490*06(957 ��
 ��


�(8�&(2;, �'�$&���
 �'�$&���


#,.:2(9054�%>6, $ �" $ �"

�(40-52+�"7,88���″�'�� �� ��� �
�
 ���

$9+���(04�!70-0*,8�� 5	$0?,� �	��� �	���

"0259�!70-0*,�$0?, �
�� �
��

�.409054�%>6,	$,70,8 �'��$" �'��$"

�5*1�!:9� %03, ��� ���

�2:,�!:92,9�$0?,��″� ��21/2,3 ��21/2,3
$9+��!:92,9�%,36��°�� ���
 ���


�53)��25<,7�����	&5298� �	�
 �	�


$9+��"7,88:7,8��″�5-�'��� ������������������� ����������� ������������

�′� 5��2)5<8 ����
 ���� ���
 ��
� ��� ���


�
′ ����
 ° �'&��2)5<8 ����� ����� ���
 ���� ����� �����

#5225:9�$<09*/ �

 �



�0309��549752�$,9904.��°�� ��
 ��


�:=020(7>��0309��°�� �
 �


�(4��549752��%>6,� �'�$%����� �'�$%�����

�(4��549752 !4 
	�
 
	�


�%03,+�$,*8� !-- �
��

���
���
 �
��

���
���


$9+��"7,88:7,�$<���"(79� 5� �
�
��� �
����� �
�
��� �
�����

"7,88��0--,7,490(2���258,� ���� ��� ���� ���

"7,88��0--,7,490(2��!6,4� ��� ��
 ��� ��


�0./��9��"7,88:7,�$<���"(79� 5� �

���� �
����� �

���� �
�����

"7,88��0--,7,490(2���258,� ���
 ��� ���
 ���

"7,88��0--,7,490(2��!6,4� ���� ��
 ���� ��


C
O

M
B

U
S

T
IO

N
G

A
S

 &
 IG

N
IT

IO
N

Type & Size 10–10 Filt Type Washable
Motor Amps/RPM 8.5/1050 Filt Size (”) 16x25x1
Motor Type/ H.P. DC/1 Min. Cool
Cap. MFD/Volts 10/370 Cap. (Tons) 2

Max. Cool
Cap. (Tons) 4

TAP LOW MED L MED H HIGH
.10 450 619 801 908
.20 448 610 776 874
.30 446 597 753 840
.40 432 581 722 806
.50 414 555 687 773
.60 392 528 643 730
.70 367 481 586 677

TAP LOW MED L MED H HIGH
.10 954 1312 1698 1925
.20 950 1292 1645 1853
.30 946 1265 1596 1780
.40 915 1231 1530 1708
.50 878 1175 1455 1638
.60 830 1118 1362 1546
.70 778 1020 1241 1435

Specifications Circulation Air Blower Data

 
 Air Delivery in Cubic Feet per Minute (C.F.M.)

(Furnace Rated @0.5 ″ WC ESP)

 Air Delivery in Liters Per Second (L/S)
(Furnace Rated @0.5 ″ WC ESP)
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Manufacturers  Number  (Mfr  No – See Rating Plate) NTPM100HJA1/TNK100J16A1
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Type & Size 11.8–10.6 Filt Type Washable
Motor Amps/RPM 9.8/900 Filt Size (”) (2)16x25x1
Motor Type/ H.P. DC/3/4 Min. Cool
Cap. MFD/Volts 10/370 Cap. (Tons) 3.5

Max. Cool
Cap. (Tons) 5

Specifications Circulation Air Blower Data

 
 Air Delivery in Cubic Feet per Minute (C.F.M.)

(Furnace Rated @0.5 ″ WC ESP)

 Air Delivery in Liters Per Second (L/S)
(Furnace Rated @0.5 ″ WC ESP)
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Manufacturers  Number  (Mfr  No – See Rating Plate) NTPM125KNA1/TNK125N20A1

TAP LOW MED L MED H HIGH
.10 690 779 887 1045
.20 674 772 877 1017
.30 669 762 867 1016
.40 656 745 852 994
.50 644 734 837 967
.60 632 714 814 935
.70 613 694 787 898

TAP LOW MED L MED H HIGH
.10 1463 1650 1879 2214
.20 1429 1635 1859 2154
.30 1417 1614 1838 2152
.40 1389 1579 1806 2106
.50 1364 1556 1773 2049
.60 1339 1513 1725 1981
.70 1299 1470 1668 1903
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Type & Size 10–8 Filt Type Washable
Motor Amps/RPM 4.6/1050 Filt Size (”) 16x25x1
Motor Type/ H.P. DC/1/2 Min. Cool

Cap. (Tons) 1.5
Max. Cool
Cap. (Tons) 3

Manufacturers  Number  (Mfr  No – See Rating Plate) NTVM050FFA1/VNK050F12A
Specifications Circulation Air Blower Data
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Type & Size 10–8 Filt Type Washable
Motor Amps/RPM 6.8/1050 Filt Size (”) 16x25x1
Motor Type/ H.P. DC/1/2 Min. Cool

Cap. (Tons) 2
Max. Cool
Cap. (Tons) 3.5

Specifications Circulation Air Blower Data
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Manufacturers  Number  (Mfr  No – See Rating Plate) NTVM075GFA1/VNK075F14A
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Type & Size 10–10 Filt Type Washable
Motor Amps/RPM 8.5/1050 Filt Size (”) 16x25x1
Motor Type/ H.P. DC/1 Min. Cool

Cap. (Tons) 2
Max. Cool
Cap. (Tons) 4

Specifications Circulation Air Blower Data
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Manufacturers  Number  (Mfr  No – See Rating Plate) NTVM100HJA1/VNK100J16A
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Type & Size 11.8–10.6 Filt Type Washable
Motor Amps/RPM 9.8/900 Filt Size (”) (2)16x25x1
Motor Type/ H.P. DC/1 Min. Cool

Cap. (Tons) 2
Max. Cool
Cap. (Tons) 5

Specifications Circulation Air Blower Data
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Manufacturers  Number  (Mfr  No – See Rating Plate) NTVM125KNA1 /VNK125N20A
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2II 1R SRZHU WR V\VWHP FRQWURO�

/LQH YROWDJH LQSXW DW /� 	 1HXWUDO FRQQHFWLRQV RI 67���� )DQ 7LPHU�

/RZ YROWDJH ���9� SRZHU DW �� 9$& DQG &20 WHUPLQDOV RQ 67����

6\VWHP ZLULQJ KDUQHVV LV LQ JRRG FRQGLWLRQ DQG VHFXUHO\ FRQQHFWHG�

%ULJKW ² 'LP
1RUPDO LQGLFDWLRQ ZKHQHYHU WKH V\VWHP LV SRZHUHG� XQOHVV VRPH

DEQRUPDO HYHQW KDV RFFXUUHG�
1RW $SSOLFDEOH �� 1RUPDO 2SHUDWLRQ

� )ODVKHV

/RZ )LUH SUHVVXUH VZLWFK FORVHG ZKHQ LW VKRXOG EH RSHQ

�L�H� ZKHQ FDOO IRU KHDW EHJLQV��

�&RPEXVWLRQ EORZHU LV QRW HQHUJL]HG XQWLO ORZ )LUH SUHVVXUH

VZLWFK RSHQV�

/RZ )LUH SUHVVXUH VZLWFK VWXFN FORVHG�

/RZ )LUH SUHVVXUH VZLWFK PLVZLUHG RU MXPSHUHG�

� )ODVKHV

/RZ )LUH SUHVVXUH VZLWFK �RU $X[LOLDU\ OLPLW VZLWFK RSHQ ZKHQ WKH\

VKRXOG EH FORVHG �L�H� ORQJHU WKDQ �� VHFRQGV DIWHU FRPEXVWLRQ

EORZHU LV HQHUJL]HG� RU FRQWURO VZLWFK LQ 2)) SRVLWLRQ�

6\VWHP JRHV LQWR ���PLQXWH GHOD\ SHULRG� ZLWK FRPEXVWLRQ EORZHU

RII� $W HQG RI WKH ���PLQXWH GHOD\� DQRWKHU F\FOH ZLOO EHJLQ�

,JQLWLRQ V\VWHP FRQWURO VZLWFK PXVW EH LQ WKH 21 SRVLWLRQ�

/RZ )LUH SUHVVXUH VZLWFK RSHUDWLRQ� WXELQJ� DQG ZLULQJ�

$X[LOLDU\ OLPLW VZLWFK RSHUDWLRQ� DQG ZLULQJ

5HVWULFWLRQV LQ IXUQDFH DLU LQWDNH RU YHQW SLSLQJ�

� )ODVKHV

0DLQ /LPLW RU 5ROO 2XW 6ZLWFK LV RSHQ�

&RPEXVWLRQ EORZHU LV HQHUJL]HG� &LUFXODWLQJ EORZHU LV HQHUJL]HG

KHDW VSHHG DIWHU WKH ´21µ GHOD\�

0DLQ OLPLW VZLWFK�

0DQXDO UHVHW EXUQHU UROORXW VZLWFK�

/LPLW DQG UROO��RXW VZLWFK ZLULQJ LV LQ JRRG FRQGLWLRQ DQG VHFXUHO\

FRQQHFWHG�

� )ODVKHV

)ODPH VLJQDO VHQVHG RXW RI SURSHU VHTXHQFH�

&RPEXVWLRQ EORZHU LV HQHUJL]HG� &LUFXODWLQJ EORZHU LV HQHUJL]HG

KHDW VSHHG DIWHU WKH ´21µ GHOD\�

)ODPH DW SLORW EXUQHU�

� )ODVKHV

6RIW /RFNRXW�

&RPEXVWLRQ DLU EORZHU LV GH��HQHUJL]HG� &LUFXODWLQJ EORZHU LV GH��

HQHUJL]HG DIWHU WKH ´2))µ GHOD\�

$IWHU ���PLQXWH GHOD\ WLPH� FRQWURO V\VWHP ZLOO UHVHW DQG LQLWLDWH D

QHZ LJQLWLRQ VHTXHQFH�

*DV VXSSO\ RII RU SUHVVXUH WRR ORZ RU KLJK IRU DSSOLDQFH WR RSHUDWH�

'DPDJHG RU EURNHQ ,JQLWRU

/LQH YROWDJH +27 OHDGZLUH QRW FRQQHFWHG WR /� WHUPLQDO RQ 67�����

)XUQDFH QRW SURSHUO\ HDUWK JURXQGHG�

)ODPH VHQVH URG FRQWDPLQDWHG RU LQ LQFRUUHFW SRVLWLRQ�

3LORW EXUQHU ORFDWHG LQ LQFRUUHFW SRVLWLRQ�

3LORW EXUQHU OHDGZLUHV DUH LQ JRRG FRQGLWLRQ DQG SRSHUO\ FRQQHFWHG�

� )ODVKHV

+LJK )LUH SUHVVXUH VZLWFK FORVHG ZKHQ LW VKRXOG EH RSHQ

�L�H� ZKHQ D FDOO IRU KHDW EHJLQV��

�&RPEXVWLRQ EORZHU LV QRW HQHUJL]HG XQWLO +LJK )LUH SUHVVXUH

VZLWFK RSHQV�

+LJK )LUH SUHVVXUH VZLWFK VWXFN FORVHG�

+LJK )LUH SUHVVXUH VZLWFK PLVZLUHG RU MXPSHUHG�

� )ODVKHV

+LJK )LUH SUHVVXUH VZLWFK RSHQ ZKHQ LW VKRXOG EH FORVHG

�L�H� ORQJHU WKDQ �� VHFRQGV DIWHU FRPEXVWLRQ EORZHU LV HQHUJL]HG�

6\VWHP JRHV LQWR ���PLQXWH GHOD\ SHULRG� ZLWK FRPEXVWLRQ EORZHU

RII� $W HQG RI WKH ���PLQXWH GHOD\� DQRWKHU F\FOH ZLOO EHJLQ�

,JQLWLRQ V\VWHP FRQWURO VZLWFK PXVW EH LQ WKH 21 SRVLWLRQ�

+LJK )LUH SUHVVXUH VZLWFK RSHUDWLRQ� WXELQJ� DQG ZLULQJ�

5HVWULFWLRQV LQ IXUQDFH DLU LQWDNH RU YHQW SLSLQJ�



7$%/( 2) &217(176

,1752'8&7,21 �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

81,7 ,'(17,),&$7,21 �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

)851$&( 7+(25< 2) 23(5$7,21 �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

+,*+ $/7,78'( 23(5$7,21 �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

6(48(1&( 2) 23(5$7,21 �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

(/(&75,&$/ 6833/< �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

,17(5/2&. 6:,7&+ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

*$6 6833/< �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/�3� 35(6685( 6:,7&+ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

0$,1 %851(56 ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

3,/27 %851(5 ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

&+(&.,1* 7(03(5$785( 5,6( ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

5220 7+(50267$76 ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

&21752/ :,5,1* ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/,0,7 6:,7&+(6 ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

35(6685( 6:,7&+(6 ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

9(17�&20%867,21 $,5 3,3,1* ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

(;+$867 %/2:(5 �� &21'(16,1* 02'(/6 ��� � � � � � � � � � � � � � � � � � � � � � � � � � �

&21'(16$7( '5$,1 75$3 ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

(;+$867 %/2:(5 �� 121��&21'(16,1* 02'(/6 ��� � � � � � � � � � � � � � � � � � � � � �

+21(<:(// 67����$ )$1 7,0(5�)851$&( &21752/ ��� � � � � � � � � � � � � � � �

+21(<:(// 67����$�69����4 &21752/ 6<67(0
81,48( &21752/ )81&7,216�5(63216(6 ��� � � � � � � � � � � � � � � � � � � � � � � � �

67����$�69����4 7(67,1* 6(48(1&( ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

+21(<:(// 69����4 � 6WDJH *$6 9$/9(�,*1,7,21 &21752/ ��� � � � � � � �

&+(&.,1* )/$0( &855(17 ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

&$3$&,7256 ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

%/2:(5 $66(0%/< ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

+($7 (;&+$1*(5 5(029$/�5(3/$&(0(17
�&21'(16,1* 02'(/6� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

+($7 (;&+$1*(5 5(029$/�5(3/$&(0(17
�121��&21'(16,1* 02'(/6� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

7(&+1,&$/ 6(59,&( '$7$ ,1'(; ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

:,5,1* ',$*5$0 ,1'(; ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

6(48(1&( 2) 23(5$7,21 &+$57 +RQH\ZHOO 69����4 ��� � � � � � � � � � � � � � � � �

7528%/(6+227,1* &KDUW +RQH\ZHOO 69����4 ��� � � � � � � � � � � � � � � � � � � � � � � � �


