8QGHUVWDQGLQJ )LOWHU ,QGXFHG 6WDU +DORV
E\ -LP 7TKRPSVRQ 3 (QJ
THVW 5HSRUW + 1RYHPEHU WK

Lo —"f
7KLV UHSRUW GRFXPHQWY D VHULHV RI H[SHULPHQWY DQG DAC
XQGHUVWDQG KRZ WKH SURSHUWLHV RI DQ DVWURQRPLFDO
SURGXFHY KDORV DURXQG EULJKW VWDUYV $VSHFWV RI WKH
W\SHV RI VWDUV SURQH WR ILOWHU LQGXFHG KDORV WKH GL)\
RI WKH WHOHVFRSH TXDQWLWDWLYH HYDOXDWLRQ RI KDOR
PHDVXUHPHQW RI ILOWHU VSHFWUDO UHIOHFWLYLW\ PHDVXL
FRUUHODWLRQ EHWZHHQ ILOWHU SURSHUWLHY DQG QXPHULF

7KH IROORZLQJ FRQFOXVLRQV UHJDUGLQJ WKH EHKDYLRXU R
IURP WKH YDULRXV H[SHULPHQWY DQG DQDO\VHV VXPPDUL]HG

7KH SULPDU\ FDXVH RI ILOWHU LQGXFHG VWDU KDORV LV
7KH DQJXODU VL]H RI WKH KDOR LV GHSHQGDQW RQO\ RQ
WHOHVFRSH IRFDO UDWLR )LOWHU GLVWDQFH IURP WKH
RI WKH KDOR

)RU VWDUV Rl WKH VDPH YLVXDO PDJQLWXGH ILOWHUV D
KRW EOXH DQG FRRO UHG VWDUV WKDQ PRGHUDWH WHPS}
JLOWHU RII EDQG EORFNLQJ SHUIRUPDQFH LV WKH SU
JHQHUDWLRQ

7KH XVH Rl DQWL UHIOHFWLYH FRDWLQJV FDQ KHOS WR |
LPSDFW FRPSDUHG WR RII EDQG EORFNLQJ
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$EVWUDFW
,QWURGXFWLRQ
IXT  IPEIHV XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:
IXTZ ((E V & XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
7\SHV Rl 6WDUV 7KDW &DXVH +DORV
,PSDFW RI )LOWHU 3RVLWLRQ )RFDO 5DWLR
IXT d o8 A SH% XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
IXT Z epode XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
&RPSUHKHQVLYH ,PDJLQJ 6XUYH\ Rl )LOWHU +DORYV
BXi d *8 A FPH% XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
BXT Z spoEe XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X
JLOWHU 5HIOHFWLYLW\
AXT d o8 A SH% XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
AXT Z sHoEe XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
JLOWHU 211 %DQG %ORFNLQJ
OXi d o8 A H% XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
OXT Z *pode XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X
&RUUHODWLRQ RI )LOWHU 3URSHUWLHV
+DOR *HQHUDWLRQ 6LPXODWLRQ
&RQFOXVLRQV
$SSHQGL[ $ f 211 $[LV )LOWHU 6SHFWUDO 5HIOHFWLYLW\ 30
$SSHQGL[ % + 6XPPDU\ 7TDEOH Rl OHDVXUHG )LOWHU 3URSHUW
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$VWURQRPLFDO ILOWHUVY FDQ LPSURYH WKH TXDOLW\ RI RXU
WKH FRQWUDVW RI WKH REMHFW ZH DUH WU\LQJ WR REVHUY
QRLVH UDWLR RI RXU LPDJHVY 7KHVH TXDOLWLHV , KDYH GRF
DXWKRUHG XS WR WKLV SRLQW 2QH FKDUDEFWHULVWLF RI Il
WHQGHQF\ WR JHQHUDWH RSWLFDO DUWLIDEWYV %\ DGGLQJ
WZR QHZ VXUIDFHV IRU GLUW DQG GXVW WR FROOHFW RU IRLU
ZKDW LV GLVFXVVHG LQ WKLV UHSRUW UHIOHFWLRQV RII ILO
P\ LOYHVWLJDWLRQ LQWR WKH RULJLQ DQG QDWXUH RI KDOR"
D ILOWHU

sas f..*% " —-eT%

3ULRU WR WKH HIIRUW GRFXPHQWHG KHUH , KDG QRW SDL(
SHUVSHFWLYH RI VRPHRQH ZKR REVHUYHV WKURXJK WKH XV
($9 WKH SUHVHQFH RI KDORVY DURXQG EULJKW VWDUV LV M
FRPH WR EH DFFHSWHG DV SDUW RI WKH ($$%$ SURFHVYV 7TKUR.
QDUURZEDQG ILOWHUYV LW KDV FRPH WR P\ DWWHQWLRQ WKD
EH WKH GHFLGLQJ IDFWRU IRU DVWURSKRWRJUDSKHUV RQ ZK
WKLY UHDVRQ , GHFLGHG WR KDYH D PRUH WKRURXJK ORRN D

7R VWDUW LW LV LPSRUWDQW WR FRPH WR D FRQVHQVXV R(
SUHVHQWY VHYHUDO LPDJHV RI EULJKW VWDUV ZLWK GLIIHU
FDVHV WKHUH DUH PRUH WKDQ RQH W\SH RI DUWLIDFW SUHVI
GHOLQHDWHG GLVNVY UHODWLYHO\ VPDOO LQ DQJXODU VL]H

RQ WKH vWDU EXW FDQ EH RIIVHW VOLJKWO\ ZKHQ WKH VWDU
RQ WKH VWDU EULJKWQHVY DQG RWKHU IDFWRUV WKHUH PD\
LQ GLDPHWHU DQG GHFUHDVH LQ EULJKWQHVV E\ D UHJXODU
DOO VKRZ HYLGHQFH RI D KDOR 7KH UDQGRPO\ GLVWULEXW#
DQG H DUH D UHVXOW RI VPDOO LPSHUIHFWLRQV LQ WKH SU
LPDJH DQG DUH XQUHODWHG WR WKH SUHVHQFH RI D ILOWHU
G DQG I DUH GLIIUDFWLRQ VSLNHV FDXVHG E\ WKH VFRSHTV
LV FDXVHG E\ D VSLGHUTV ZHE VSDQQLQJ DFURVV WKH LQVLC
DOO VKRZ D GLIIXVH V\PPHWULFDO OREEHG SDWWHUQ DURX
FDXVHG E\ WKH SULPDU\ RSWLFV QRW UHODWHG WR WKH ILO
GLVN WKDW LV RIl FHQWHU IURP WKH EULJKW VWDU 7TKHVH

SULPDU\ RSWLFV RI WKH VFRSH WKDW WKH ILOWHU PD\ DOVR
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+DORV DUH W\SLFDOO\ VPDOO DQG FHQWHUHG RQ WKH VWDL
KDORVY DUH EHOLHYHG WR EH GXH WR D UHIOHFWLRQ WKDW R
ILOWHU LWVHOI KHQ WKHUH LV D IRFDO UHGXFHU RU ILHOG
DQG WKXV KDORV RU JKRVW LPDJHV GHSHQGLQJ RQ ZKDW WK
FRQVLGHU KDORV JHQHUDWHG ZLWKRXW WKH SUHVHQFH RI D

JLJXUH LOOXVWUDWHY VFKHPDWLFDOO\ WKH FRPSRQHQWYV F
DQG KRZ WKH\ PLJKW FRQWULEXWH WR WKH JHQHUDWLRQ RI
VLGH Rl WKH ILOWHU LI WKH\ DUH DEOH WR VRPHKRZ PDNH V
IRU ODUJH JKRVW LPDJHV OLNH WKRVH LQ LPDJHV | DQG J L«
RI WKH ILOWHU DUH DOVR DEOH WR JHQHUDWH JKRVWV GHSH
WR WKH VHQVRU DQG ZKHWKHU WKHUH LV DGGLWLRQDO RSW
ILOWHU UHIOHFWLRQV UHVXOW LQ UHODWLYHO\ VPDOO VL]HG
GHSHQGDQW RQO\ RQ WKH IRFDO UDWLR RI WKH VFRSH DQG \
JHRPHWULF DUUDQJHPHQW GHVFULEHG LQ )LIJXUH  WKH VL]F
FDXVHG KDOR GRHV QRW GHSHQG RQ KRZ IDU WKH ILOWHU L
FRQILUP E\ WHVW ODWHU LQ WKLV UHSRUW

7KH UHVW RI WKLV UHSRUW GRFXPHQWY D VHULHV RI H[SHUL
JDUQHU VRPH XQGHUVWDQGLQJ RI D SDUWLFXODU DVSHFW RI
WHVWYVY WHQGHG WR SRLQW PH LQ D FHUWDLQ GLUHFWLRQ |
FRPSOHWHO\ FKDQJH WDFW 7KH IROORZLQJ VHFWLRQV DL
HISHULPHQWYV ZHUH SHUIRUPHG

N¢
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——— — primary light ray path
scope-side reflection

intra-ftilter reflection
sensor—side reflection
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sat £ 1"f-...Fe
5LVFK OLFKDHO 23:+DORV 9LHZHG :LWKRXW 3UHMXGLFH ™ %
KWWSV 7Z7Z7Z EDDGHU SODQHWDULXP FRP HQ EORJ KDORYV Yl
%DDGHU 30DQHWDULXP 2:3UREOHPV :LWK )LOWHUV &DQ +D)
KWWSV Z7Z7Z EDDGE
SODQHWDULXP FRP HQ GRZQORDGYV GO ILOH LG SURGXFW
DYHBWKHBVWUDQJHVWBFDXVHV SGI
$VWURQRPLN 3+DORYV SURXQG %ULJKW 6WDUV
KWWSV 7Z7Z7Z DVWURQRPLN FRP HQ QHZVY DVWURQRPLNBKDO|
7TRGG 6LPRQ 37KH 6RXUFH WR WKH +DOR $URXQG %ULJKW
ZHEVLWH $BWWSV 772Z VWDVWURSKRWRJUDSK\ FRP WKFH
EULJKW VWDUV
&DPEULGJH $VWURQRPLFDO 6XUYH\ 8QLW 36SLNHV DQG +D
KWWS FDVX DVW EDP DF XN VXUYH\V SURMHFWY YLVWD WH
)LQGOD\ -RVHSK 3)LUVW 5HVXOWYV IURP +LJK 5HGVKLIW 4XI
VXEPLWWHG WR 8QLYHUVLW\ R IRQGRC
KWWSV TPUR TPXO DF XN [POXL KDQGOH
-RUNVYHOG 5XEHQ 3:KDW &DXVHG 7KHVH 5HOIHFWLRQV" ¢
JRUXP 1RY KWWSV Z7Z7Z7Z FORXG\QLIJKWY FRP WRSLF
UHOIHFWLRQV DQG ZKDW WR GR HQWU\
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7KH ILUVW LQYHVWLJDWLRQ , SHUIRUPHG ZDV WR FRPE WKU
VHDUFK RI LPDJHV ZLWK VWDU KDORV DQG GHWHUPLQH WKH S
WKH KDORV $ IHZ SURPLQHQW H[DPSOHV WKDW , IRXQG DUH
YLVLEOH KDORV DQG VRPH VWDUV DUH ZRUVH WKDQ RWKHU!
JHQHUDOO\ WKH EULJKWHVW VWDU LQ WKH IUDPH EXW WKDW
VWDUV WKDW WHQG WR KDYH KDORV LV WKDW WKH\ DUH KRW
IRXQG LQ P\ LPDJHV FRQWDLQLQJ KDORV ,Q PRUH WKDQ KD
YHU\ KRW . RU KLJKHU 7KH LPSOLFDWLRQ RI WKLV REVH
WKH VWDU ZKLFK LV GHILQHG E\ LWV WHPSHUDWXUH KDV DQ
D KDOR )LJXUH LOOXVWUDWHY KRZ WKH HPLVVLRQ VSHFWU
VSHFWUD LQ )LJXUH DUH VFDOHG VR WKDW WKH RYHUDOO
ILJXUH VKRZV WKDW KRW VWDUV KDYH WKHLU HPLVVLRQV ELD
FRRO VWDUV DUH ELDVHG WRZDUGV WKH UHG HQG ,W VWI
PLQLPL]H KDORV DURXQG FRROHU VWDUV PLJKW QRW SHUIRUF

T %o—"% U fe'ZF ef%ote ™Mc—S lecefe— —f7 fZte
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LHDU BN &RORXU YLOWHU [\SH
6WDU| e 2\PDJI| ,QGH[6XUIDFAH ZKHQ +DIOR
% 9 &DSWXUHG
'éLUDH DOO W\SHV
2JULRQLMODPH PXOWL
$OW!( | +RUVE QDUUR
3HUV|HL
$0 DOO W\SHV
&\JQl PXOWL
6D ! QDUUR
2ULRQLY, PXOWL
+DW QDUUR
"HVWH|UQ PXOWL
&\JQL g QDUUR
PXOWL
&\JOL 3HOLFDQ ODUUR
PXOWL
&\JOL 3HOLFDQ ODUUR
3 $XUL 6SL ODUURZ .
ODUURZEDQG 2
6DJLWWDULL .., QDUURZ
EURD!
652 1IRUWK PXOWL
&\JQ $PHU QDUUR
652 0 ODUURZ
6DJLW EURD!
652 0 ODUURZ
6DJLW EURD!
<& 0 QDUURZEDQG 2
(DILW X
<& 0 QDUURZEDQG 2
(DILW EE
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2 Temperature
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7KH QH[W LQYHVWLIJDWLRQ , SHUIRUPHG ZDV DQ H[SHULPHQW
KDOR FKDQJHV ZLWK WKH SRVLWLRQ RI WKH ILOWHU UHODW.L
RSWLFDO VHWXS 7KLV H[SHULPHQW ZDV SHUIRUPHG E\ SO
GLITHUHQW GLVWDQFHV IURP WKH VHQVRU DQG UHFRUGLQJ L
YDULHG LQ D VHSDUDWH WHVW E\ YDU\LQJ WKH VSDFLQJ EHW
ILOWHU RQ WKH VFRSH VLGH RI WKH IRFDO UHGXFHU +DOR
DV WKH SULPDU\ RXWSXW RI WKH H[SHULPHQW

uas fe—- f-—’

7KH WHVW VHWXS FRQVLVWHG RI D :LOOLDP 2SWLFV )/7 UHIU

,PDJHVY ZHUH FROOHFWHG XVLQJ D =:2 $6, 0& 3UR FDPHUD .

7KH IRFDO UHGXFHU XVHG ZDV DQ $VWURSK\VLFV EUDQG |

HI[SHULPHQW zZDV $UFWXUXV O0DJ 6XUIDFH 7 . ODULE

L77 DQG ~ H[WHQVLRQ ULQJV RI YDULRXV OHQJWKV W00 GD
IURP P\ EDFN\DUG LQ FHQWUDO 2WWDZzZD &DQDGD

uat fe—Z—-

JLIXUH VXPPDUL]HV WKH UHVXOWY RI P\ WHVW KHQ WKH |
GLVWDQFH EHWZHHQ WKH ILOWHU DQG WKH VHQVRU PDGH QF
7KLY REVHUYDWLRQ LV FRQVLVWHQW ZLWK WKH DVVHUWLRQ F
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PRVW OLNHO\ GXH WR LQWUD ILOWHU UHIOHFWLRQV KHQ V
REVHUYHG WKDW JUHZ LQ VL]H ZLWK WKH GLVWDQFH EHWZH
SUHVXPDEO\ GXH WR D UHIOHFWLRQ EHWZHHQ WKH IRFDO UH
ZDV SODFHG RQ WKH WHOHVFRSH VLGH RI WKH IRFDO UHGX
UHODWLYH WR WKH VHQVRU WKH UHVXOWLQJ KDOR VL]H JRW
IRFDO UDWLR 1RW SHUIRUPHG ZDV D WHVW ZLWK WKH ILOV
3DVW H[SHULHQFH KDV VKRZQ WKDW VXFK D FRQILIXUDWLRC
VLPXOWDQHRXVO\

110 |
105;’ Legend
100 | é filter alone
g focal reducer alone
95 B FR +filter
[72] N
XN
g5
e |
i,,—)BOE
o L
i75E
T}
65
60
55“‘.I‘\-\l\\‘\..\‘l‘.‘\\.‘J\-\.I\‘.‘l-“
0 10 20 30 40 50 60 70 80 20
Distance from Optical Component to Camera Front (mm)
<%o—"%1 w fo—Z—0o " «Z—-%" "f..<o% ‘..fZ f—-< f
Var z.)nisi..(’"i .f%O(.%O _11~:t) (e (Z_:tn fZL.

7TKHUH LV D ODUJH DPRXQW RI DQHFGRWDO HYLGHQFH DYDLO
ZKHQ XVLQJ SDUWLFXODU ILOWHUYV , ZDV QRW KRZHYHU DEO
WKDQ RQH RU WZR ILOWHUYV O\ UHVHDUFKLQJ RI ILOWHUYV

DFFXPXODWLQJ D ODUJH YDULHW\ RI ILOWHUV RIIHULQJ D
FRPSUHKHQVLYH VXUYH\ RI ILOWHUV WR GHWHUPLQH WKHLU S

VAS fe— f-—
7KLV H[SHULPHQW zZDV SHUIRUPHG XVLQJ D :LOODP 2SWLFV
| PRXQWHG RQ D FRPSXWHUL]JHG HTXDWRULDO PRXQW

$6, 0& 3UR FDPHUD ZLWK =:2 ~ ILOWHU GUDZHU DWWDFKHG
RFFDVLRQV EHBQYWE RPENRREHU 7KH WDUJHW VWDU IRU WKH
9HJD O0DJ 6 XUIDFH 7 . DQG IRU WKH VHFRQG VHVVL
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7 .
7TDEOH
GDWD ZDV FROOHFWHG

$ WRWDO RI GLITHUHQW ILOWHUV ZHUH WHVWHG
'XH WR WLPH FRQVWUDLQWY RQO\ Rl WKH ILOW
IURP P\ EDFN\DUG LQ FHQWUDO 2WWD.
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vat fe—Z-—-o
$ VHFRQG OLYH VWDFNHG LPDJH RI WKH WDUJHW VWDU Z

H[ISRVXUH WLPH ZDV VHW DFFRUGLQJ WR WKH OXPLQRXV WUD
Rl ZKLFK ZDV WR FROOHFW LPDJHV ZLWK WKH VDPH RYHUD!
FDSWXUHVY FORVH FURSSHG RQ WKH WDUJHW VWDU DUH S|
QXPEHUV UHIHUUHG WR LQ WKH ILIJXUHV FRUUHVSRQG WR W
SUHVHQWHG LQ WKH RUGHU WKH\ ZHUH WHVWHG QRW WKH R
SULRULW\ WR JHW WHVWHG WKDQ RWKHUV DQG VR ZHUH PRY
WLPH UHTXLUHG \

SULRULWL]JHG EHFDXVH RI
UHTXLUHG DSSUR[LPDWHO\

¢ Z}

K+ EA 3JECU |

WKH OHQJWK RI
KRXU WR FROOHFW LPDJH GDWD
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7KH VWDU WHVW UHYHDOHG D ZLGH UDQJH RI KDOR VHYHULW
ILOWHUV ZLWK QR GLVFHUQDEOH KDOR DW DOO +DOR VL]HYV
PDOXIDFWXUHU VWDWHG ILOWHU JODVV WKLFNQHVV WKLFNH
TXDQWLWDWLYH FRPSDULVRQ EHWZHHQ ILOWHUV HDFK LPDJ
FRQWUDVW EHWZHHQ KDOR DQG EDFNJURXQG LQ HDFK FROI
J)LIXUH UHODWLYH WR WKH QR ILOWHU" FDVH $ SRVLWLY
DURXQG WKH VWDU ZDV IRXQG WR EH EULJKWHU WKDQ WKH Q
YDOXH PHDQV WKH DUHD DURXQG WKH VWDU ZDV GDUNHU Wt
QXPEHU LQGLFDWHY D VWURQJHU PRUH LQWUXVLYH KDOR
J)LIXUH DV D VXP RI WKH WKUHH LQGLYLGXDO FRORXU FKD
HDFK EDU VXE FRPSRQHQW UHG JUHHQ EOXH LOOXVWUDWE
FRORXU FKDQQHO WR WKH RYHUDOO KDOR VWUHQJWK IRU WK

RU OHVV FDQ EH LQWHUSUHWHG DV WKH ILOWHU ZDV IRXC
UHODWLYH FRQWUDVW YDOXH JUHDWHU WKDQ LQGLFDWH\
7KH JUHHQ FRORXU FKDQQHO ZDV IRXQG WR EH WKH RQH PDN
FRQWUDVW |IRU PRVW ILOWHUYV TKHUH ZHUH KRZHYHU D |
GRPLQDWHG KDORV DV ZHOO

'LWK D TXDQWLWDWLYH PHDVXUHPHQW RI HDFK ILOWHUSYV KI
PHDVXUH WKH SK\VLFDO SURSHUWLHV RI HDFK ILOWHU ZLWK
ZLWK WKH KDOR GDWD WR ILQG WKH URRW FDXVH IRU WKF
UHIOHFWLYLW\ DV GLVFXVVHG LQ WKH QH[W VHFWLRQ
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:KHQ , VWDUWHG WKLV SURMHFW WKH HDVLO\ DFFHVVLEOH |
LPSUHVVLRQ WKDW KDORYVY DUH SULPDULO\ FDXVHG E\ UHIOHF
ZLQGRZ , KDYH VLOQFH FRPH WR XQGHUVWDQG WKDW LV QRW
PH LQ WKH GLUHFWLRQ RI PHDVXULQJ ILOWHU VSHFWUDO |
LQYHVWLIJDWLRQ DUH VXPPDUL]J]HG LQ WKLY UHVW RI WKLV VH

was fe-— f-——"

7R EH DEOH WR PHDVXUH WKH VSHFWUDO UHIOHFWLYLW\ RI L
UHIOHFWRPHWHU 7KLV LV D IDLUO\ VLPSOH LQVWUXPHQW FR
WKH ILOWHU DW D IL[HG DQJOH DQG D VHQVRU SRVLWLRQH:
UHFHLYH WKH OLJKW WKDW KDV EHHQ UHIOHFWHG RII RI LW
EXOE MHUU\ ULJJHG WR WKH H\HSLHFH HQG RI OHDGH PP ILQ
7KH UHIOHFWHG OLJKW zZDV JDWKHUHG E\ D FROOLPDWLQJ Ol

ZLWK DQ 2FHDQ ,QVLJKW 86% VSHFWURPHWHU RQ WKH R)
FRQVWUXFWHG LV VKRZQ LQ )LJXUH , FRQVWUXFWHG WK
DQJOHYV f DQG f RIl D[LV IURP WKH ILOWHU , DOVR DG

ILQGHU VFRSH D SLHFH RI SODVWLF JURFHU\ EDJ QRW VKRZ
OLIJKW VRXUFH 7KH ILQDO FRPSRQHQW RI WKH VHWXS ZDV
FDOLEUDWHG UHIHUHQFH VR L&WXMHDGEH, XIMHR D @ D ®X PULKDIH]!
UHVXOW DOO P\ UHIOHFWLYLW\ PHDVXUHPHQWY DUH UHODWL)
RI P\ VHWXS ZKLOH LQ XVH LV SURYLGHG LQ )LJXUH

<% —"% sS ‘etae,—«Z— F"ZF..-'ef—F"a xrt ‘e <%o—"f
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$ ZHDNQHVV RI P\ DSSDUDWXV ZDV WKDW WKH VRXUFH OLJKW
VSHFWUXP ZDV ORZ UHVXOWLQJ LQ D ODUJH HUURU LQ F
ZDYHOHQJWKYV JRU P\ SXUSRVHV , IHOW WKDW WKLV GHILFL
SuLpbuLo\ WR HYDOXDWH WKH URXJK RUGHU PDJQLWXGH U
UHIOHFWLYH RU QRW

wat fe—Z-—-

JLIXUH SUHVHQWY DQ H[DPSOH RI WKH UHIOHFWLYLW\ GDWI
DSSDUDWXYV 7KH SORW VKRZQ LV IRU WKH PHDVXUHPHQW Wtk
7TKH WZR QP ZLGH SDVV EDQGV RI WKLV ILOWHU DUH YLVLERQG
a DQG QP WKH SDVV EDQGV EHLQJ VKLIWHG GRZQ LQ ZD)
GXH WR WKH UHIOHFWLRQ EHLQJ REVHUYHG DW f RIl D[LV D
RI WKH ILOWHU WKDW IDFHV WKH WHOHVFRSH UHG OLQH LV
DQG QHDU ,5 VSHFWUXP 7KH VLGH RI WKH ILOWHU WKDW 1D
KDYH YHUN VLPLODU UHIOHFWLYLW\ WR WKH WHOHVFRSH IDFL
ILOWHU VKRZV FOHDU HYLGHQFH RI DQ DQWL UHIOHFWLYH F
UHIOHFWLYLW\ PHDVXUHG DW WKH EOXH HQG RI WKH VSHFWU
EOXH SDUW RI WKH VSHFWUXP ZDV PHDVXUHG RQ VHYHUDO
I1DUURZEDQG /XPLFRQ '"HHSVN\ 2PHJD ;09 DOO WKH 2SW
DQG WKH 2SWRORQJ / X/ WLPDWH 7KH ORZ UHIOHFWLYLW\ F
FRORXU RQ WKH VLGH WKDW IDFHV WKH FDPHUD $V ZLOO EH

7 CZ} K+ EAS}ECU | :JudZ}u%e}vU E}YA u & 1if1 16}@]



DOQWL UHIOHFWLYH FRDWLQJ RQ WKH FDPHUD IDFLQJ VLGH RI
SORWV RI PHDVXUHG VSHFWUDO UHIOHFWLYLW\ IRU DOO WKH

<%o—"1% su §fe'Zt <«Z—-%" $°7Z%..—<"<—> ffe—"tefe—_a trt ‘.

$YHUDJH UHODWLYH UHIOHFWLYLW\ KDV EHHQ FDOFXODWHG |
EHHQ GRQH LQ WKUHH EDQGV RI LQWHUHVW QP EOXH

QP QHDU ,5 TKHVH WKUHH EDQGY FRUUHVSRQG WR SDUW
LOQOWHUHVW WR DPDWHXU DVWURQRPHUV DQG WHQG WR FRQW
ROQH RI WKHVH EDQGYV ZRXOG LQGLFDWH WKH SUHVHQFH RI |
UHIOHFWLYH FRDWLQJ LQ WKDW EDQG 7TKH UHVXOWY KDYH E
LQ HDFK RI WKH WKUHH EDQGV KDV EHHQ SORWWHG VWDEFN
LPSUHVVLRQ RI ILOWHU UHIOHFWLYLW\ FDQ EH YLVXDOL]HG IL

&ROOHFWLQJ WKH UHIOHFWLYLW\ GDWD DQG UHGXFLQJ LW Z
TXLWH GLVDSSRLQWHG ZKHQ WKHUH WXUQHG RXW WR EH YHL
FRQWUDVW GDWD DQG P\ UHIOHFWLYLW\ GDWD $OWKRXJK
UHIOHFWLYLW\ RWKHUV KDG YHU\ KLJK UHIOHFWLYLW\ %DV]
QRW VHHLQJ WKH ZKROH SLFWXUH DQG WKDW PRUH UHVHDUTF
GHWDLO LQ WKH QH[W VHFWLRQ
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KHQ , IRXQG WKDW FDPHUD VLGH UHIOHFWLYLW\ GLG QRW V\
EDFN WR WKH PDQXIDFWXUHU SURYLGHG GDWD WR VHH LI W
PLIJIKW EH UHVSRQVLEOH , QRWLFHG WKDW WKH RII EDQG E
FRUUHODWH WR VRPH H[WHQW ZLWK P\ KDOR GDWD 7TDEOH
WKDW , EDVHG P\ REVHUYDWLRQ RQ JURP WKLV VPDOO VDI
EORFNLQJ PLIKW EH D VLJQLILFDQW IDFWRU LQ KDOR JHQHU
SURSHUW\ I[URP P\ FROOHFWLRQ RI VDPSOH ILOWHUYV

2(0 4XRWHG 21 %OHIVXUHG FDOR
JLOWHU %WORFNLQJ &RQWUDVW
7UDQVPLVWLRQ 5HG *UHBQXH
2SWRC HLKD I 2"
$6 19 | 2
2SWRC X/WL | 2"
$QWOL 7 | 2°
$VNDU QP 'XDO | 2
f,2% u (Z—%" fe—"f..——"%" —'—ft Z'..eco% "ed ffe-

%HIRUH GHVFULELQJ P\ PHDVXUHPHQW SURFHVV LW LV LPSR!
ZKDW 2RIl EDQG EORFNLQJ” PHDQV 7KH SXUSRVH RI D ILOWH
REVHUYH ZKLOH EORFNLQJ DV PXFK XQZDQWHG OLJKW DV SR
GHVLIJQHG WR SDVV DUH FRQVLGHUHG WR EH 2LQ EDQG”™ DQCGC
DUH 3RII EDQG"’ SHGXFLQJ WKH WUDQVPLVVLYLW\ RI D ILOW
JRRG ILOWHU SHUIRUPDQFH EXW LW FRPHV DW D FRVW DV PF
WKLV UHVXOW $V D UHVXOW WKH H[WHQW RI RIl EDQG EC(
PDQXIDFWXUHUV YDULHV ZLGHO\ DQG LV FRUUHODWHG FORYV
H[SUHVVLQJ WKH PDJQLWXGH RI RIIl EDQG EORFNLQJ LV WR XV
2'LV UHODWHG WR WUDQVPLVVLYLW\ E\ WKH IROORZLQJ HTXD

2" [2*WUDQVPLVVLYLW\

ZKHUH WUDQVPLVVLYLW\ LV H[SUHVVHG DV D IUDFWLRQ QRW
ILOWHU 2' LV ZKDW LV GLVFXVVHG LQ WKH UHPDLQGHU RI WKL

xas fe—- ft-—-—’
7R EH DEOH WR PHDVXUH 2' UHTXLUHG PH WR FRPH XS ZLWK
DQG DFFXUDF\ O\ Sbvw ILOWHU WUDQVPLVVLYLW\ PHDVXUHF
WR PHDVXUH EORFNLQJ , ZRX0OG QHHG DFFXUDF\ WKUHH RUGI
7R DFKLHYH WKLY OHYHO RI DFFXUDF\ UHTXLUHG PH W
HISRVXUH WLPH 7KH UHIHUHQFH OLJKW LQWHQVLW\ ZDV Pt
HISRVXUH WLPH RQ WKH RUGHU RI PV "KHQ WKH ILOWHU
LQFUHDVHG DV UHTXLUHG WR JHW D OLJKW LQWHQVLW\ UHD

7 CZ} K+ EAS}ECU | :JudZ}u%e}vU E}YA u & 1it1 11 }@I



OHYHO 1RWLQJ ERWK WKH H[SRVXUH WLPH DQG WKH OLJKW
UHVXOWLQJ 2°' 7KH PD[LPXP SUDFWLFDO H[SRVXUH WLPH X\
VXIILFLHQW LQVWUXPHQW VHQVLWLYLW\ WR PHDVXUH ILOWHU
OLJKW VRXUFH IURP P\ UHIOHFWRPHWHU DSSDUDWXV ZDV UH
WKH OLJKW VRXUFH DQG WKH ILOWHU XQGHU WHVW ZDV SOD
ZLWK D OLPLWHG SDUW RI WKH VSHFWUXP DW RQH WLPH 7K
&&' VHQVRU IURP VDWXUDWLQJ DQG JLYLQJ HUURQHRXV UHVX
$ SKRWR RI WKH WHVW DSSDUDWXV LV SURYLGHG LQ )LIJXUH

X WR QP EDQG +R\D % EDQG SDVV ILOWHU
X QP EDQG %DDGHU 30DQHWDULXP 6RODU &RQW
X WR QP EDQG JHQHULF QP KLJK SDVV ILOW

ILEUH RSWLF )
FDEOH WR ~ WR EDQG OHDGH PP FRROLQJ IDQ

VSHEWURPHAVISD SWHRVY ILOWHU  ILQGHU VFRSH /

FXVWRP " ILOWHU WR . 9'& .
60% WR GUDZHU DGDSWHU KDORJHQ OLJKW
" DGD VRXUFH
%o—"1% sw ‘ef —«Z— ""a fet Z'..eco% tfe—"tefe—

7R NHHS WKH VHQVLWLYLW\ RI P\ WHVW DSSDUDWXV KLJK HQF
WR XVH P\ VSHFWURPHWHU ZLWK WKH ODUJHVW HQWUDQFH V(
VSHFWURPHWHU XVHG ZDV DQ 2FHDQ ,QVLJKW 86% ZLWK Q
GHWHUPLQHG E\ WKH GLDPHWHU RI RSWLFDO FDEOH , ZDV X
UHVXOW RI KDYLQJ VXFK D ODUJH HQWUDQFH VOLW WKH DFF
FKDQJHV LQ WUDQVPLVVLYLW\ ZDV YHU\ SRRU 7KLV IDFW
ZDYHOHQJWKYV WKDW ZHUH ZHOO DZD\ IURP WKH W\SLFDO ILO\

QP
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7TKH EORFNLQJ LQ HDFK RI WKH WKUHH EDQGY OLVWHG DERYF
ILOWHUV LQ P\ OLVW W ZDV D ODERXU LQWHQVLYH DFWLYI

7KH UHVXOWY DUH SORWWHG LQ )LIJXUH $V ZLWK WKH SUH
HDFK EDQG LV VKRZQ VWDFNHG WRIJHWKHU WR JLYH DQ RYHU
ROQH ILOWHU FRPSDUHG WR DQRWKHU , ZDV VXUSULVHG WR

ILOWHUV KDYLQJ EORFNLQJ OHVV WKDQ 2' LQ HDFK EDQG Z
ILOWHUV ZLWK ORZ EORFNLQJ YDOXHYV ZHUH HLWKHU ORZHU
RQO\ &RPSDULQJ P\ RIIl EDQG EORFNLQJ UHVXOWYV WR P\ KDC
LV VRPH OHYHO RI FRUUHODWLRQ SUHVHQW 7KH H[WHQW RI

yar l””:tzf_(l. (e (Z_i” ”‘1¢”_(:t.
O\ DSSURDFK WR WKH SUREOHP RI 3ZKDW FDXVHV KDORV"™ KDV
ILOWHU SK\VLFDO SURSHUWLHY DQG ORRN WR VHH LI DQ\ RI

P\ LPDJHV , KDYH JHQHUDWHG D ODUJH DPRXQW RI GDWD W
DERYH VR FRPLQJ XS ZLWK DQ HIILFLHQW ZD\ RI YLVXDOL]LQ
, VHWWOHG RQ LV VKRZQ LQ )LIJXUHYV WR 7TKH JUDSKYV SC

UHODWLYH UHIOHFWLYLW\ LQ HDFK RI WKH WKUHH FRORXU Fl
WKH PHDVXUHG KDOR FRQWUDVW YDOXH IRU WKDW ILOWHU 2
UHSUHVHQWLQJ D YHU\ EULJKW KDOR 7KH QXPEHU LQ \HOOF
QXPEHU FRUUHVSRQGLQJ WR WKDW GDWD SRLQW , KDYH DG
WR ,5 SDVV + . DQG 6 ,, ILOWHUV DV WKH\ VHHP WR KDYH D
6LPLODUO\ , KDYH DGGHG D ER[ DURXQG DOO WKH 89 ,5 FX
GLITHUHQWO\ WKDQ WKH RWKHU ILOWHUYV

,Q JHQHUDO WKH GDWD VXJIJHVWYV WKDW ILOWHUV ZLWK KLJK
OLWWOH RU QR GLVFHUQDEOH KDORYV JLOWHUV ZLWK RII E|
SUHVHQW VLIJQLILFDQW KDORV WKHUH LV WRR PXFK VFDWMW
GHILQLWLYH REVHUYDWLRQ J)LOWHUV KDYLQJ WKH EULJKW
EORFNLQJ DQG KLJK UHIOHFWLYLW\ J)LOWHUV ZLWK PRGHUI
JHQHUDOO\ OHVV KDOR FRQWUDVW WKDQ ILOWHUV ZLWK KLJK
LV ORZ 7KHUH DUH VHYHUDO ILOWHUV WKDW GHI\ WKHVH EI
EXW DOVR KDYLQJ ORZ RII EDQG EORFNLQJ DQG KLJK UHIOHF\
WKHVH RXWOLHUV H[FHSW WKDW WKH\ PD\ EH GXH WR XQFH
UHJDUGV WR WKH HYDOXDWLRQ RI KDOR FRQWUDVWR® )LIXUH
LPDJLQJ VHVVLRQ ZKLFK XVHG D . VWDU DV WKH WDUJHW
VWDUV RI YDU\LQJ WHPSHUDWXUH DQG PDJQLWXGH PD\ EH UH
VEDWWHU JRU WKH SXUSRVHV RI WKLV UHSRUW , DP FRQW|
FROOHFWLRQ DGGLWLRQDO GDWD

$00 RI WKH GDWD SORWWHG LQ )LIJXUHYV WR LQFOXGLQJ

EDQG EORFNLQJ DQG KDOR FRQWUDVW KDV EHHQ WDEXODW
EH IRXQG LQ $SSHQGL[ %
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(DFK RI WKH LQGLYLGXDO H[SHULPHQWYV VXPPDUL]JHG LQ WKH
REVHUYDWLRQ UHJDUGLQJ WKH EHKDYLRU RI ILOWHU UHOD
REVHUYDWLRQV WR FRPH IURP P\ WHVWLQJ KDYH EHHQ

7KH VHYHULW\ RI KDORV LV UHODWHG WR VWDU WHPS
WR KDORV WKDQ FRRO VWDUYV

+DORV DUH FDXVHG SULPDULO\ E\ LQWUD ILOWHU UH
FDQ DOVR FRQWULEXWH WR WKH SUREOHP

$ ILOWHUYVY WHQGHQF\ WR SURGXFH KDORV LV VWUR
EORFNLQJ ZLWK ORZ EORFNLQJ EHLQJ PRUH SURQH W
$ ILOWHUTY WHQGHQF\ WR SURGXFH KDORV LV VRF
UHIOHFWLYLW\ ZLWK KLJK UHIOHFWLYLW\ EHLQJ PRU

7R FRQILUP P\ REVHUYDWLRQV DQDO\WLFDOO\ , KDYH FRQVW
WKH EULIJIKWQHVYV RI WKH KDOR JHQHUDWHG E\ D ILOWHU ZLW
D UbQJH RI VWDU WHPSHUDWXUHYV 7TKH VLPXODWLRQ DVVXI
QDUURZEDQG ILOWHU ZLWK QP ZLGH SDVV EDQGYV 7TKH WUD

VKRZQ LQ )LIJXUH 21l EDQG EORFNLQJ LV YDULHG IURP 2'
GLIITHUHQW YDULDWLRQV RI WKLV WKHRUHWLFDO ILOWHU DUH
UHIOHFWLYLW\ + WUDQVPLVVLYLW\ )LOWHU % KDV DQ
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SDUW RI WKH VSHFWUXP QP J)LOWHU & KDV DQWL UHIOHF
VSHFWUXP QP DQRG )LOWHU ' KDV DQWL UHIOHFWLYH FF
WKH VSHFWUXP | QP 7KH K\SRWKHWLFDO VHQVRU EHLQJ
EDFN LOOXPLQDWHG &026 ,0; 7KH VDPH VWDU HPLVVLRC
ZHUH XVHG LQ WKH VLPXODWLRQ 7KH VLPXODWHG KDOR EUL
RIl EDQG HPLVVLRQ WKURXJK WKH ILOWHU UHIOHFWLQJ WZLF
LV SHUIRUPHG VSHFWUDOO\ XVLQJ D QP ZDYHOHQJWK UHVRO

7KH WRWDO RIl EDQG VWDU HPLVVLRQ JHWWLQJ WR WKH FDF
FRPSDUHG LQ )LJXUH &RQVLGHU ILUVW WKH SORW LQ WKH
UHIOHFWLYH FRDWLQJV DSSOLHG 2EVHUYDWLRQ WKDW
EULJKWQHVV LV ERUQ RXW E\ WKH VLPXODWLRQ KRZHYHU
EULJKWQHVV ZLWK VWDU WHPSHUDWXUH LV QRW DV VLJQLILF
KDOR EULJKWQHVYV JRLQJ XS IRU YHU\ KRW VWDUV LW LV DO\
, KDG QRW RULJLQDOO\ DQWLFLSDWHG WKLV EXW LW LV FRQ
7DEOH W PD\ EH WKDW P\ RULJLQDO DVVXPSWLRQ DERXW |
DQ REVHUYLQJ ELDV KDORV DUH REVHUYHG ZKHQ XVLQJ ILO\
ZKLFK WHQG WR FRQWDLQ \RXQJ VWDUV WKDW DUH LQ JHQHU!
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/IRRNLQJ QRZ DW DOO IRXU ILOWHU SORWV WRJHWKHU LW L
GRPLQDQW ILOWHU SHUIRUPDQFH FKDUDFWHULVWLF DIIHFWL
LQFUHDVH LQ 2" L H IURP WR WR HWF WKH KDOR E
7KXV P\ REVHUYDWLRQ LV FRQILUPHG E\ WKLV VLPXODWLRC

7KH ILQDO REVHUYDWLRQ WR YHULI\ IURP WKH VLPXODWLRQ
KHOS WR UHGXFH KDORV EXW WKH\ DUH QRW WKH PDLQ IL
$OWKRXJK KDUG WR WHOO IURP WKH SORWV LQ )LIJXUH IRU |
WKDW WKH DQWL UHIOHFWLYH FRDWLQJ LV DIIHFWLYH DW UH
ZLWKRXW DQWL UHIOHFWLYH FRDWLQJV )LOWHU $ 7R KHO
FRDWLQJ RQ KDOR EULJKWQHVYV , KDYH SORWWHG WKH UHOD
JLOWHU $ 7KH UHVXOWLQJ JUDSK LV VKRZQ LQ )LJXUH 7k
FRDWLQJV LQ WKH JUHHQ DQG UHG EDQGV KDYH RQO\ D PR
UHGXFWLRQ YDOXHV LQ WKH UDQJH &RDWLQJV LQ WKH
ZKLFK PD\ QRW EH WKDW XVHIXO LI WKH REVHUYLQJ ELDV , Q
$QWL UHIOHFWLYH FRDWLQJV LQ WKH EOXH EDQG DUH SUHC
UHGXFLQJ KDOR EULJKWQHVV HVSHFLDOO\ RQ KRW VWDUV
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WKDW LI D ILOWHU PDQXIDFWXUHU ZDV ZLOOLQJ WR LQYHVW |
LW ZRXOG EH EHVW LI WKH\ IRFXVHG RQ FRDWLQJV LQ WKH EC
ILOWHU KDG QRQ UHIOHFWLYH FRDWLQJV LQ DOO WKUHH EDC
WKH RIl EDQG EORFNLQJ
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7KH IROORZLQJ FRQFOXVLRQV KDYH EHHQ GUDZQ IURP WKH H
WRSLF RI ILOWHU LQGXFHG VWDU KDORYV

JLOWHU LQGXFHG DUWLIDFWYV DUH FDXVHG ERWK E\ UHIC
ILOWHU DQG UHIOHFWLRQV RFFXUULQJ ZLWKLQ WKH ILO'
DUH SULPDULO\ GXH WR LQWUD ILOWHU UHIOHFWLRQV
VXSSRUW WKLV FRQFOXVLRQ LW ZDV QRW XQWLO , GLG ¥
ZKDW ZDV JRLQJ RQ 21 JUHDW DVVLVWDQFH ZDV WKH ZR
ZDV DW WKH 8QLYHUVLW\ RI /RQGRQ JRU KLV 3K' WKHV
LPDJLQJ DUWLIDFWY ZKLOH DQDO\VLQJ 9,67% VN\ VXUYH\
WR ILQDOO\ PDNH VHQVH RI DOO P\ REVHUYDWLRQV

7KH GLVWDQFH RI WKH ILOWHU IURP WKH VHQVRU GRHV (
VLIH LV GHSHQGDQW RQ WKH WKLFNQHVV RI WKH ILOWHU
IRU FRQILUPLQJ WKDW KDORV DUH SULPDULO\ GXH WR LC
YDU\ GHSHQGLQJ RQ VFRSH IRFDO UDWLR
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7KH HIWHQW WR ZKLFK D KDOR LV SURGXFHG GHSHQGV RC
VWDUV ZLWK WKH VDPH YLVXDO PDJQLWXGH YHU\ KRW
. ZLOO SURGXFH EULJKWHU KDORV WKDQ PRGHUDWH
FRPPRQO\ XVHG IRU LPDJLQJ HPLVVLRQ QHEXODH LQ VWI
REVHUYLQJ ELDV LQ WKH DVWURSKRWRJUDSK\ FRPPXQLW
WKDW DUH ERWK KRW DQG EULJKW
$ ILOWHUYVY WHQGHQF\ WR SURGXFH KDORV LV KLJKO\
SHUIRUPDQFH )URP WKH ILOWHUV WHVWHG DOO WKR\
RU QR GLVFHUQDEOH KDOR )RU ILOWHUV ZLWK EORFNLQ
UHIOHFWLYLW\ EHFRPH PRUH LPSRUWDQW
$SSOLFDWLRQ RI DQ DQWL UHIOHFWLYH FRDWLQJ RQ WKH
WKH DSSHDUDQFH RI KDORV DOWKRXJK WKH PDJQLWXGH
EDQG EORFNLQJ $Q DQWL UHIOHFWLYH FRDWLQJ GHVL.
VSHFWUXP LV PRVW HIIHFWLYH DW UHGXFLQJ KDOR EULJK

, I \RX KDYH DQ\ TXHVWLRQV SOHDVH IHHO IUHH WR FRQWDFW
&KHHUV

-LP 7TKRPSVRQ
WRS MLPP\#URJHUV FRP

7 CZ} K=+ EAS}ECU | :JudZ}u%e}vU E}A u & it 16}@]



¢ Z}

K e

EA §}ECU

:Ju dZ}u%}vU E}A u

& Tit7 i1 1@



ii vS§o] >Wrd iT & SpuEp- h,

it ol E ivu poE EE}A v id «3E}v}iu]l , & Alep o

i «SE}vIu]l /Z us 10 «8E}vIu]l K/// Alep o

7 C Z} Ko+ EASIECU | :JudZ}u%e}vU E}YA u & 7i77 ii }@i



16 «3E}viu]l WE}IWo v § 081 16 «3E}viu]l h,

10 E /Z W e i & h, r»

ii & hsl/Z ps it/ ~ oXivu K///

7 C Z} Ko+ EASIECU | :JudZ}u%e}vU E}YA u & 7i77 iT }@i



it/ N~ o0oXO6vu , 0%Z io / ~ Ki

in/ ~>WAnr i io / ~>WArwi

io / N~ >WArWi io / ™~ E i

7 C Z} Ko+ EASIECU | :JudZ}u%e}vU E}YA u & 7i77 ii }@i



io / ~Eri i/ ~ETri

-
>
m
[ ]
-
—

>pu] }tv %01 C

it D E} v 10 D K/l

7 C Z} Ko+ EASIECU | :JudZ}u%e}vU E}YA u & 7ii7 i0}@i



A Ku P ofi Wii i0 Ku P z
T06 Ku P EW 'D /u% E}A 16 Ku P yDsooilai
16 K%S8}0o}vP iXivu , 0%Z i K%S8}o}vP iXivu K///

7 C Z} Ko+ EASIECU | :JudZ}u%e}vU E}YA u & 7i77 iA}EI



Ii K%S8}o}vP iXivu "/ iIT K%S8}o}vP oXivu ~//

T K%S8}o}vP 6Xivu , 0% Z 10 K%38}lo}lvP >~

in K%S}o}vP /Z ps 10 K%S8}o}vP >r EZ v

7 C Z} Ko+ EASIECU | :JudZ}u%e}vU E}YA u & 7ii7 i0}@i



i6 K¥%S}o}vP >r ySE u 10 K¥S}o}vP >rWE}

16 K¥%S}o}vP >ru>8]ju § 01 K%S}o}vP E]JPZS«IC , 0% Z

31 K%&}o}vP h, 31 2 ] v dE]

7 C Z} Ko+ EASIECU | :JudZ}u%e}vU E}YA u & 7ii7 i6}@i



i Z ] v dE] ho3E 86 "d J}IrE EE}A v

Of «tK u}r v

7 C Z} Ko+ EASIECU | :JudZ}u%e}vU E}YA u & 7i77 i6}@i



RETE Y- —eef"s fLZF 0 ffe—"it <Z-%" "UEr-

C Z} Ke EASIECU | :Ju dZ}u%se+}vU E}A u E 1i11 i6}@]



&J]os E , o} d «S]JvP 7

>uulviud D v ‘ WE]u GE‘ D v ) WE]u (E‘ D v ‘ WEJu E|WE]Ju &
dE veulesJA1€cO SIA D v K((r Z o §] Z o S]A D v K(r Z o S]1A Z o S]A D v K((r Z o §] Z o §] s]e] d
0% Z | § df-§ ~/Dyi6dDZ (o S|IA]Y¥C o} I|JvP}VvSE 45Z (o SIA]&¥C o} IJvP}VvSE 45Z (o SIA]¥C o} I|lvP}VvSE 45 }VvSE 95, o}l M E}S -
KE KE &]Ja oiirofi oiirarni ou Z Ggiiiroin Afiv '"® v Z vdiirdiiv| 6iirdii| z Z vv|o >pulv v
pHv] €¢ €¢ €K €¢ €¢ €K €¢ €¢ €K €¢ €¢ €C
*SJuX =Ir i’ =Ir =Ir =Ir i’ =Ir =Ir =Ir i’ =Ir =Ir =Ir i’ =Ir i’

i i vSo] TX (0))) o) 11X on o) 1 X 60 o) 11X 11X’ \ (]Jvs op UPE po (o
i [ E SpE) 6. 006 X 11X’ 00 X 1 X of’ X 1 X i X ( (]Jvs oo

i o] el G Tvu u <« ix io’ o) riXx 00 E 1 X 60 o) riXx 11X’ \ PE po (oor}((
( [ *SE}V}IU]l , § iX oi’ X iX 0 n X iX 00 i X iX iX ( E]JPZS «

f ii *SE}viu]l of X i X i X i X i X i X 0N X i X i X \ PE po (oor}((
( K *SE}V}IuU]l K/ iX (oD X i X’ 060 X i X’ P i X iX X’ ( E]JPZS «

( [ *SE}VIU]l WE} 16. 00 X i X o1’ E i X Oi. i X iX X ( E U (]vs «

( i *SE}viu]l 0] 0. X i X 0n X i X 0i. i X i X i X \ A EC (]vs E U I
4 i & /Z 716. oi. X iX ifi op i X i X iX i X i X ( E]PZSE & U A EC (
il i &E h, TiX o n i X i X’ 00 i X iX 00 X iX X’ ( E]PZS o0 Z vV
ii i & hsl/ of. X i X i X i X i X i X 00 X riX iX \ PE o (oor}((!
il K I~ oXivi i X 0i. X i X 0n X i X 00 X riX iX \ PE o (oor}((!
il i [/~ 0oXbévu , ix 60 o) riXx 06 o) riXx 60 X riXx riXx \ PE po (oor}((
[Ki K /I~ kK 71X 00 X i X 00 i X i X 00 X i X i X \ PE po (oor}((
if f /[N >W 71X 10, i X 1 X 06 X 1 X 60 X 11X iX ( oo Z

i i /[ N >W di. 00 i X i X 00 i X i X 0n X iX i X ( (]vs op |

i ( /[ N >W oi. fi f i X i X 00 i X i X ofi’ X riX X ( (1vs PCE

i ( /I N E iTX 00 X i X 0i. X i X 060 X iX i X ( 00 Z vv o*U
i LK /I N E io. 00 i X i X 00 X i X 00 i X X i X ( E]PZS o0 Z
[ LK /I N E if. 01’ i X X 01’ X X 01’ i X TX X ( E]PZS o0 Z
Ti ( /I N E 0. o1’ X 11X on X 1 X 60 X 11X iX ( (]Jvs oo

[ ( >pu] }v 6] 0’ i X i X 00 i X i X 00 i X iX i X \ PE po (oor}((
i Ti D E} df 0i. X i X 0f iX i X i6: iX iX i X ( E]PZS oo

7¢ [ D K X 0i. X iX 0n X i X i6: iX i X i X ( E]PZS oo

7i o} Ku P o0fi X 0. 0’ riX 060 fi’ riX o 0’ i X riX \ PE o (oor}((l
[ LK Ku P 00 0. X riX i X i X iX 0N X i X i X \ PE o (oor}((l
T¢ Ti Ku P EW 'D /u' 6’ on X 1 X 01’ X i X 60 X X X ( E]PZS 00 Z v
7¢ i1 |Ku P yDso¢ 0. i 5] riX o1 E riX o1 X i X riX \ A EC (

¢ T¢ K% 38}o}vP iXiv i X A o) riXx i E riXx 66 X 11X’ riXx \ PE po (oor}((
[ il K% S}o}vP TX i X o1’ o) 1 X’ 06 E 1 X on X 11X i X ( %3}}EO0C (I

i ¢ K% S}o}vP i i X A o) riXx i o) riXx 66 X X riXx \ PE po (oor}((
i [ K%S8}lo}vP 0o i X A 0’ i X i X 0’ iX 00 X i X iX \ PE o (oor}((l
[ il K%S8}o}vP 6Xi» i X ofi. op iX iix fi’ i X 00 X i X iX ( E]PZSE & U A EC (
K o} K% 8}0} 6] 0i. i X i X 60 i X i X ol iX i X i X ( oo Z

Tf o] K% 38}o}VvF 00 X X 1 X' i X 1 X 60 X X 1 X' \ PE po (oor}((
LK ¢ K%S8}o}vP >i 6’ Oi; X 1 X 00 X iX 66 X 11X i X ( oo Z vv o U &
T( il K% S8}o}vP >| X Oi; X X 00 o) 1 X 66 X X i X ( oo Z vv o*U &
T( 7¢ K% S}o}vl 0. i & i X 1 X 06 i X 1 X on X 1 X i X ( oo Z

LK ii K%S}o}vP >t i X X op iX 0n E i X 06 op iX i X ( (]lvs oo

o} Tf K%38}o}vP E]PZ: 0. ThA: X i X io: op iX i X iX i X i X ( E U (]vs «

o} o} K%38}o}v (KD 01 X i X 60 X i X of. i X i X i X ( oo Z

o} 7i Z ]lvd 0. 0. X i X 060 0’ i X o 0’ riX i X \ (]Jvs PE vU v}§
o} i Z ] v dE] X 00 X iX 0n E i X 060 X iX iX ( E]PZS PE v

o] o] Nd  UIrE GG 0. 01 X 1 X’ 60 X 1 X 60 X 1 X 1 X \ PE po (oor}((
o} if otK p}r X 60 X i X 0f. X i X 00 X i X i X \ PE o (oor}((l

7 CZ} Ko+ EASIECU | :JudZ}lu%




