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&UTURE 0ROOFED ,IGHTING
3YSTEMS

0U [OPZ PZZ\L VM [OL 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� ^L ^V\SK SPRL [V [HRL H
JSVZLY SVVR H[ [OL [VWPJ VM ¹-\[\YL 7YVVMLK 3PNO[PUN :`Z[LTZ¹�

([ P[Z JVYL� [OL YLX\PYLTLU[ PZ [OH[ SPNO[PUN PU]LZ[TLU[Z ZOV\SK IL
Z\Z[HPUHISL� ;OLYL HYL ]HYPV\Z [VWPJZ [OH[ ZOV\SK IL L_HTPULK PU [OPZ
JVU[L_[� -PYZ[S �̀ P[»Z [OL PZZ\L VM [OL JPYJ\SHY LJVUVT �̀ [OL ULLK VM THRPUN
WYVK\J[Z SVUN�SHZ[PUN VU [OL VUL OHUK� HUK THRPUN [OLT YL\ZHISL HUK
YLJ`JSHISL� VU [OL V[OLY� 3VUNL]P[` KLWLUKZ VU [OL VYPNPUHS KLZPNU WLY ZL�
I\[ TVK\SHYP[` HUK \WNYHKLHIPSP[` [OYV\NO JVUULJ[LK KL]PJLZ HYL RL`
M\UJ[PVUHSP[PLZ [V HJPL]L SVUN�SHZ[PUN Z`Z[LTZ�

;OL \ZL VM Z\Z[HPUHISL TH[LYPHSZ� JHYLM\S \ZL VM YLZV\YJLZ HUK [OL
H]VPKHUJL VM ^HZ[L VY UVU�YLJ`JSHISL TH[LYPHSZ HYL LZZLU[PHS OLYL� -\[\YL
7YVVM HSZV TLHUZ� OV^L]LY� [OH[ [OL M\UJ[PVUHSP[` JHU IL HKHW[LK PU Z\JO H
^H` [OH[ [OL SPNO[PUN [LJOUVSVN` JHU TLL[ [OL YLX\PYLTLU[Z VM [OL ]PZ\HS
[HZRZ VM [OL M\[\YL� /\THU *LU[YPJ 3PNO[PUN� HKHW[P]L Z`Z[LTZ HUK
K`UHTPJ� PU[LSSPNLU[ SPNO[PUN ZVS\[PVUZ WSH` H WHY[PJ\SHYS` PTWVY[HU[ YVSL OLYL�

-\[\YL�VYPLU[LK SPNO[PUN ZVS\[PVUZ HYL [OLYLMVYL OPNOS` LMÄJPLU[� ZH]L
YLZV\YJLZ HUK� ]PH UL[^VYRPUN� VMMLY [OL WVZZPIPSP[` VM M\UJ[PVUHS JOHUNLZ
ZV [OH[ UL^ SPNO[PUN ZVS\[PVUZ JHU IL ÅL_PIS` HKHW[LK�

:LJVUKS �̀ M\[\YL WYVVM HSZV TLHUZ ZHMLN\HYKPUN J\YYLU[ PU[LYUH[PVUHS
Z[HUKHYKZ� ILJH\ZL [OPZ PZ H WYLMLYYLK ^H` [V N\HYHU[LL M\[\YL L_WHUZPVUZ
HUK HKHW[H[PVUZ VM SPNO[PUN ZVS\[PVUZ� ;OL [VWPJ VM 3PNO[ HZ H :LY]PJL
�3HH:�� ^OLYL SPNO[PUN Z`Z[LTZ HYL ¸YLU[LK¹ MYVT [OL WYV]PKLY� JHU ZLJ\YL
-\[\YL 7YVVM I` OH]PUN [OL THU\MHJ[\YLY [HRL JHYL VM [OL ZHMLN\HYKZ�

0U [OPZ PZZ\L `V\ ^PSS ÄUK HY[PJSLZ WYV]PKLK I` L_WLY[Z [OH[ KLS]L KLLWLY PU[V
[OL Z\IQLJ[ VM -\[\YL 7YVVM� 0U [OPZ WOHZL VM [YHUZMVYTH[PVU� ^OLYL [OL
SPNO[PUN PUK\Z[Y` UV^ ÄUKZ P[ZLSM� [OL [VWPJ VM M\[\YL WYVVM PZ LZWLJPHSS`
PTWVY[HU[�

>L»K SV]L [V OLHY ^OH[ `V\Y KLÄUP[PVU VM M\[\YL WYVVM PZ� 3L[ \Z RUV^ `V\Y
[OV\NO[Z I` SLH]PUN `V\Y MLLKIHJR VU VUL VM V\Y ZVJPHS TLKPH JOHUULSZ�

@V\YZ :PUJLYLS �̀

:PLNMYPLK 3\NLY

3\NLY 9LZLHYJO L�<�� -V\UKLY  *,6
3,+ WYVMLZZPVUHS� ;YLUKZ PU 3PNO[PUN� 3W: +PNP[HS  .SVIHS 3PNO[PUN +PYLJ[VY`
7OV[VUPJZ��� 4LTILY VM [OL )VHYK VM :[HRLOVSKLYZ
0U[� :VSPK�:[H[L 3PNO[PUN (SSPHUJL �0:(�� 4LTILY VM [OL )VHYK VM (K]PZVYZ
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&200(17$5<

� º-\[\YL�7YVVÄUN» � (U 0SS\ZPVU PU 3PNO[PUN&
I` +HUPLS 5L]LZ 704,5;(� (YJOP[LJ[ 
9LZLHYJOLY� 9LZLHYJOLY H[ -YH\UOVMLY 0UZ[P[\[L MVY
)\PSKPUN 7O`ZPJZ

1(:6

�� 0U[LYUH[PVUHS 3PNO[PUN 5L^Z

�� 9LN\SH[PVU 5L^Z

/S6 ',*,7$/ � 9,'(26

�� 7LYZVUHS ;HISL 3PNO[ � 0U[LSSPNLU[ >VYRZWHJL
3PNO[PUN

,17(59,(: � 0,&52 /('6

�� /HUP 2(5((5� :THY[ 3PNO[PUN ;LJOUVSVNPLZ
)\ZPULZZ +L]LSVWTLU[ H[ *,(�3L[P� -YHUJL
JVTWPSLK I` (YUV .YHIOLY�4L`LY� +Y� .�U[OLY
:LQRVYH� 3,+ WYVMLZZPVUHS

&2/25 67$%,/,7<

�� +LNYHKH[PVU VM .YLLU /PNO�7V^LY 3,+Z ¶
0UÅ\LUJL VU *VSVY :[HIPSP[` VM 4\S[P�*OHUULS
3\TPUHPYLZ
I` (SL_HUKLY /,9A6.� 4:J� 9LZLHYJO (ZZPZ[HU[
H[ ;< +HYTZ[HK[

89 'LVLQIHFWLRQ _ $GYHUWRULDO

�� *OHYHJ[LYPaH[PVU VM <= :V\YJLZ MVY +PZPUMLJ[PVU
7\YWVZLZ
I` .3 67;0*

/(' 3+263+25 75(1'6

�� *\YYLU[ ;YLUKZ PU 3,+ 7OVZWOVY +L]LSVWTLU[Z
I` 3PU A/(5.� +Y�� *OPLM ;LJOUVSVN` 6MÄJLY H[
)LPQPUN 5HRHT\YH @\QP :JPLUJL HUK ;LJOUVSVN`

7+(50$/ '(6,*1

�� *HZL :[\K`! ;OLYTHS (UHS`ZPZ VM HU 3,+ +LZPNU
I` (YUH\K .0905� ;LJOUPJHS 4HYRL[PUN :WLJPHSPZ[
H[ :PT:JHSL

)8785( 3522) 62/87,216

�� *VZ[ )LULÄ[ VM -\[\YL 7YVVM :VS\[PVUZ
I` >HS[LY >,95,9� +Y�� 6^ULY HUK *,6
+PYLJ[VY H[ >LYULY 4HUHNLTLU[ :LY]PJLZ

'&�'& &219(57(5

�� 7*) :WHJL�*VUZ[YHPU[ >VLZ ,SPTPUH[LK I` �
4/a 4VUVSP[OPJ� )\JR�)VVZ[ +*�+* *VU]LY[LY
HUK 3,+ +YP]LY
I` 2`SL 3(>9,5*,� (WWSPJH[PVU ,UNPULLY H[
(UHSVN +L]PJLZ

)/(;,%/( /,*+7,1* 6<67(06

�� 5L^ -SL_PISL 3PNO[PUN :`Z[LTZ )HZLK VU
([TVZWOLYPJ 7SHZTH 4L[HSSPaH[PVU
I` @HZLY /(1�/4,0+0� +L]LSVWTLU[ :WLJPHSPZ[ H[
3\TP[YVUP_

/,*+7,1* &21752/6

�� 3PNO[PUN *VU[YVSZ ¶ -\[\YLWYVVÄUN HUK 6WLU
:[HUKHYKZ 3LHK [OL >H`
I` 7rS 2(93:,5� :LUPVY (UHS`Z[ PU [OL /VTL�
)\PSKPUN HUK *P[` ;LJOUVSVNPLZ .YV\W H[ 64+0(

�� ()6<; c 047905;

$'9(57,6,1* ,1'(;
� .SVIHS 3PNO[PUN +PYLJ[VY`
� -3:�:PNUPM`
� *YLL
� 9�OT
� :LV\S :LTPJVUK\J[VY
 0UZ[Y\TLU[ :`Z[LTZ
�� ;YLUKZ PU 3PNO[PUN

�� .3 6W[PJ
�� *YLL
�� ;VWSP[L
�� 3W: +PNP[HS
�� 9LWYV�3PNO[
�� 3,+ WYVMLZZPVUHS 9L]PL^
�� 3W: +PNP[HS

�� .SVIHS 3PNO[PUN +PYLJ[VY`
�� :\Z[HPUHISL ,`L /LHS[O
�� ;YLUKZ PU 3PNO[PUN
�� 3,+ WYVMLZZPVUHS 9L]PL^
� ,KP[VYPHS *HSLUKHY
�� .SVIHS 3PNO[PUN +PYLJ[VY`



http://www.seoulsemicon.com


*644,5;(9@ -<;<9,�7966-05. ! " #

� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� 0ZZ\L � 

'DQLHO 1HYHV 3,0(17$�
$UFKLWHFW 	 5HVHDUFKHU
(GXFDWHG DV D FDUSHQWHU
DQG LQWHULRU DUFKLWHFW�
'DQLHO 1HYHV 3LPHQWD
JDLQHG H[SHULHQFH DW
%HKQLVFK $UFKLWHNWHQ ZLWK
VRSKLVWLFDWHG DUFKLWHFWXUDO
SURMHFWV� LQFOXGLQJ WKH
´+DXV LP +DXV´� WKH ZRUOG¶V
¾UVW /(' LOOXPLQDWHG RI¾FH
EXLOGLQJ� )DVFLQDWHG E\ WKH
SRWHQWLDO RI /('� KH ZRUNHG
IRU 1LPEXV DV D GHVLJQHU�
DQG VXEVHTXHQWO\ DV KHDG
RI WKH GHVLJQ WHDP XQWLO KH
WRRN WKH OHDG RI WKH SURGXFW
GHYHORSPHQW WHDP DW ;$/ LQ
*UD] IRU WKUHH \HDUV� $IWHU D
EULHI VWRS DW *HRUJ %HFKWHU
/LFKW LQ 9RUDUOEHUJ� WKH
6WXWWJDUW ERUQ 3RUWXJXHVH
UHWXUQHG WR KLV 6ZDELDQ
URRWV WR UHVHDUFK WKH IXWXUH
RI WKH OLJKWLQJ LQGXVWU\ DQG
0DVV 3HUVRQDOL]DWLRQ DW WKH
)UDXQKRIHU ,QVWLWXWH IRU
%XLOGLQJ 3K\VLFV�

@&UTURE0ROOlNG�  !N )LLUSION IN ,IGHTING�
-VY H SVUN [PTL� [OL SPNO[PUN I\ZPULZZ
^HZ H [`WPJHS L_HTWSL VM [OL THU\MHJ�
[\YPUN PUK\Z[Y �̀ ^P[O OPNO X\HU[P[PLZ VM
Z[HUKHYK JVTWVULU[Z KL]LSVWLK HUK
WYV]PKLK I` PUK\Z[YPHS NPHU[Z� ,]LU IL�
MVYL [OL SPNO[I\SI ^HZ KL]LSVWLK� SPNO[PUN
THU\MHJ[\YLYZ Z[HUKHYKPaLK JHUKSLZ
HUK JHUKSLOVSKLYZ [V Ä[ [VNL[OLY WYVW�
LYS �̀ ¸-\[\YL�7YVVÄUN¹ ^HZ WHY[ VM [OL
I\ZPULZZ� :[HUKHYKPaH[PVU� UVYTZ� PU�
K\Z[YPHSPaH[PVU� UL^ WYVK\J[PVU TL[OVKZ�
HUK [OL YLJVUZ[Y\J[PVU VM [OL TVKLYU
^VYSK WH]LK [OL ^H` [V H ZTVV[O HUK
Z[HISL THYRL[� ^OPJO YLK\JLK PUUV]H[PVU
HUK JYLH[P]P[` KV^U [V ZPTWSL WSV`Z VM
THYRL[PUN HUK KLZPNU� ;OL YLHS KYP]LYZ
MVY PUUV]H[PVU ^LYL S`PUN PU [OL OHUKZ
VM H ]LY` ZTHSS NYV\W VM O\NL JVTWH�
UPLZ� ;OPZ ^HZ [OL ^VYRPUN J\S[\YL [OH[
IV\UK THU` VM [OL S\TPUHPYL THU\MHJ�
[\YLYZ� ^P[O YLK\JPUN JVZ[Z� TPUPTPaPUN
JVTWSHPU[Z HUK YLK\JPUN JVTT\UPJH�
[PVU LMMVY[Z ILPUN [OLPY ZVSL MVJ\Z� +\L
[V [OL MHJ[ [OH[ [OL SPNO[PUN LTP[[LYZ ^LYL
Z[HUKHYKPaLK� THU\MHJ[\YLYZ JV\SK HSZV
VW[PTPaL YLÅLJ[VYZ� SLUZLZ HUK OV\ZPUNZ
[V H TH_PT\T� *VTWSL_ [VVSZ JV\SK
IL HTVY[PaLK HZ [OL U\TILY VM SPNO[
ZV\YJLZ ^HZ SPTP[LK HUK PU]LZ[TLU[Z
PU [OL M\[\YL WYVVÄUN ^HZ LHZ �̀ ;OVZL
^OV OHK [OL WV^LY HUK TLHUZ JV\SK
PUJYLHZL PUÅ\LUJL HUK JLY[HPU[` I` LZ�
[HISPZOPUN WH[LU[Z HUK V[OLY PU[LSSLJ[\HS
WYVWLY[` YPNO[Z� ;̀ WPJHSS �̀ ^OVSLZHSLYZ
VY WYVMLZZPVUHS YL[HPSLYZ ^OV KPZ[YPI\[LK
WYVK\J[Z OHK [OLPY V^U LZ[HISPZOLK J\Z�
[VTLY IHZL� ;OL J\Z[VTLYZ» ULLKZ ^LYL
KLZJYPILK [V [OL THU\MHJ[\YLYZ PU KL[HPS
I` [OLT� WYV]PKPUN PUZPNO[M\S L_JOHUNL�
;OLPY PUÅ\LUJL ^HZ OPNO� HUK [OL THY�
NPU [OL YL[HPSLYZ HUK ^OVSLZHSLYZ THKL�
^HZ L]LU OPNOLY� ([ [OH[ [PTL� JVUJLYU�
PUN ZHSLZ� [OL ILZ[ ¸M\[\YL WYVVM¹ ^HZ [V
OH]L H NVVK JOHUULS VM I\ZPULZZ [V [OL
J\Z[VTLY�

>P[O [OL PU[YVK\J[PVU VM [OL ÄYZ[ :4+
3,+Z HYV\UK ����� [OL WVZZPIPSP[PLZ PU
[LYTZ VM JYLH[PUN SPNO[ ZV\YJLZ PUJYLHZLK
PU H ^H` UL]LY ZLLU ILMVYL� ;OL ZH[\�
YH[LK THYRL[ HZRLK MVY KPZ[PUJ[P]L MLH�
[\YLZ! ;OL WVSP[PJHS IHU VM [OL JSHZZPJ PU�
JHUKLZJLU[ SPNO[I\SI HUK [OL PUZ\MÄJPLU[
X\HSP[` VM [OL JVTWHJ[ Å\VYLZJLU[ SHTW
WYV]PKLK I` [OL ¸NPHU[Z¹ HSS SLK [V HU \U�
RUV^U JOHUNL PU [OL SPNO[PUN I\ZPULZZ�
(SS VM H Z\KKLU� [OL PUÅ\LUJL VM [OL [VW

KVNZ KYVWWLK� ,HYS` HKVW[LYZ JYLH[LK
Ä_[\YLZ ^P[O UL^ MVYT MHJ[VYZ� LMÄJHJPLZ
HUK M\UJ[PVUZ� 3V^�]VS[HNL HSSV^LK MVY
H TVYL WSH`M\S YLSH[PVU IL[^LLU [OL KL�
ZPNULYZ� PUZ[HSSLYZ HUK [OL \ZLYZ VM [OL
SPNO[PUN� ;OL ¸VSK LJVUVT`¹ WH[LU[Z HUK
Z[HUKHYKZ ^LYL \U[V\JOLK� HUK L_WLU�
ZP]L [VVSPUN ^HZ H]VPKLK I` \ZPUN JYHM[
HUK THU\MHJ[\YPUN TL[OVKZ� (IY\W[S �̀
L]LU THQVY S\TPUHPYL WYVK\JLYZ ^LYL
WYLZZ\YLK [V WYV]PKL 3,+ Ä_[\YLZ� ;OL
IPN PUK\Z[YPLZ ^LYLU»[ HISL [V YHPZL UL^
Z[HUKHYKZ HUK [LJOUPJHS ZVS\[PVUZ SPRL
AOHNH PU HU HWWYVWYPH[L [PTL� ;OL UL^
[LJOUVSVN` VMMLYLK HU \URUV^U X\HU�
[P[` VM WVZZPIPSP[PLZ [OH[ L]LU JOHUNLK
[OL [YHKP[PVUHS KPZ[YPI\[PVU JOHUULS ZP[\�
H[PVU MVY IV[O ^OVSZHSLYZ HUK YL[HPSLYZ�
4VYL HUK TVYL� [OL KPZ[YPI\[VYZ ^LYL
SLM[ V\[ VM [OL WYVJLZZ ^OLU KLÄUPUN
UL^ WYVQLJ[Z� ;OL S\TPUHPYL WYVK\JLYZ
OHK [V PUJYLHZL UV[ VUS` [OLPY ZRPSSZ PU
LSLJ[YVUPJZ HUK VW[PJZ� I\[ HSZV PU JVT�
T\UPJH[PVU HUK KPZ[YPI\[PVU�

/V^ JHU SPNO[PUN IL ¸M\[\YL WYVVM¹
^OLU [OL THYRL[ PZ JOHUNPUN MHZ[LY HUK
MHZ[LY& *\Z[VTLYZ OH]L NYV^PUN L_�
WLJ[H[PVUZ ^OPJO ULLK [V IL TL[� HSS
^OPSL WYVK\J[PVU PZ NL[[PUN TVYL JVT�
WL[P[P]L! 3V[ ZPaLZ HYL NL[[PUN ZTHSSLY�
WYVK\J[PVU JVZ[Z HUK NSVIHSPaH[PVU HYL
SLHKPUN [V WYPJL IH[[SLZ� Z\Z[HPUHIPSP[`
NVHSZ HYL ILJVTPUN TVYL PTWVY[HU[
HUK YLN\SH[PVUZ HYL PUJYLHZPUN� (UK HSS
[OL ^OPSL� [OL UL_[ IPN NHTL JOHUNLY�
KPNP[HSPaH[PVU� OHZ ILLU RUVJRPUN H[ [OL
MYVU[ KVVY� 0 HT Z\YL [OH[ JVU[YHY` [V [OL
TL[OVKZ KLZJYPILK HIV]L� JYLH[P]P[` HUK
JVSSHIVYH[PVU WSH[MVYTZ ^PSS IL RL`Z [V
[OL M\[\YL� UV[ VUS` PU SPNO[PUN I\ZPULZZ�
0[ PZ ULJLZZHY` MVY JVTWHUPLZ [V ZL[ \W
HU LU]PYVUTLU[ ^OLYL UL^ PKLHZ HYL UV[
ISPNO[LK I\[ Z\WWVY[LK� ^OLYL PKLHZ HYL
MVZ[LYLK PU H Z\YYV\UKPUN ^OPJO HSSV^Z
MVY MHPS\YL� HUK ^OLYL MHPS\YLZ JHU IL
Ä_LK PU WYVJLZZLZ [VNL[OLY ^P[O JVT�
WYLOLUZP]L HUK JVUÄKLU[ WHY[ULYZ� ;OL
M\[\YL ^PSS IL T\JO TVYL JVTWSL_ [OHU
[VKH �̀ I\[ [OLYL ^PSS IL TVYL L_WLY[Z
[V JVVWLYH[L ^P[O� IL[[LY [VVSZ [V \ZL�
HUK UL^ YVHKZ [V UH]PNH[L ¶ ^L OH]L
[V JOVVZL [OLT ^PZLS` PU VYKLY [V THRL
Z\YL [OH[ SPNO[PUN JVTWHUPLZ HYL YLSL]HU[
PU [OL M\[\YL� 0[�Z UV[ VUS` HIV\[ [LJOUVS�
VN` VY 07� P[ PZ HIV\[ H Z[H[L VM TPUK� "

+�5�7�
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.EW $ATE� ,IGHT � "UILDING
7ILL "E (ELD !GAIN IN )TS
.ORMAL 3EQUENCE IN ����

0U ]PL^ VM [OL ^VYSK�^PKL ZP[\H[PVU JH\ZLK I`
[OL *VYVUH WHUKLTPJ� HUK [OL WYVOPIP[PVUZ VU
L]LU[Z HUK [YH]LS YLZ[YPJ[PVUZ HZZVJPH[LK ^P[O
P[� 4LZZL -YHURM\Y[ OHZ KLJPKLK� QVPU[S` ^P[O P[Z
WHY[ULYZ ¶ A=,0 HUK A=,/ ¶ HUK ^P[O [OL
;YHKL -HPY (K]PZVY` *V\UJPS� [V KLMLY [OL
LSL]LU[O 3PNO[ � )\PSKPUN HUK [V OVSK P[� PU
HJJVYKHUJL ^P[O P[Z UVYTHS ZLX\LUJL� MYVT ��
[V �� 4HYJO ����� +\L [V [OL WYLZLU[ *VYVUH

3PNO[ � )\PSKPUN OHZ ILLU JHUJLSSLK PU
����

JYPZPZ P[ OHK HSYLHK` UV[ ILLU WVZZPISL [V OVSK
3PNO[ � )\PSKPUN ����� VYPNPUHSS` ZJOLK\SLK MVY
4HYJO� MVY ^OPJO YLHZVU [OL KLJPZPVU ^HZ
YLHJOLK [V WVZ[WVUL [OL ^VYSK»Z SLHKPUN [YHKL
MHPY MVY SPNO[PUN HUK I\PSKPUN ZLY]PJLZ
[LJOUVSVN` [V [OL SH[LY KH[L VM �� :LW[LTILY
[V � 6J[VILY ����� 4LZZL -YHURM\Y[� [VNL[OLY
^P[O P[Z WHY[ULYZ� [OLU PUP[PH[LK HWWYVWYPH[L
TLHZ\YLZ [V JHYY` V\[ [OL L]LU[
WVZ[WVULTLU[ HZ ^LSS HZ WVZZPISL� /H]PUN
JVUZPKLYLK [OL J\YYLU[ ZP[\H[PVU HNHPU� HUK [LU
^LLRZ HM[LY [OL PUP[PHS WVZ[WVULTLU[� PU ]PL^ VM
[OL QVPU[ KLJPZPVU I` [OL -LKLYHS .LYTHU
.V]LYUTLU[ HUK .LYTHU :[H[LZ [OH[ THQVY
L]LU[Z JHUUV[ IL OLSK PU .LYTHU` \U[PS H[ SLHZ[
[OL LUK VM (\N\Z[� UV WYVWLYS` ZJOLK\SLK
WYLWHYH[PVU HUK OVSKPUN VM [OL L]LU[ JHU IL
N\HYHU[LLK� >OLU OVSKPUN L]LU[Z VM HSS RPUKZ�
[YH]LS JVUKP[PVUZ HUK YLN\SH[PVUZ WYVOPIP[PUN
HZZLTIS` WSH` H JLU[YHS YVSL� 0[ PZ [OL HPT VM
[OL PUK\Z[Y �̀ HUK VM I\ZPULZZ PU NLULYHS� [V
OVSK 3PNO[ � )\PSKPUN� HZ H SLHKPUN ^VYSK [YHKL
MHPY� PU JVUMVYTP[` ^P[O P[Z J\Z[VTLYZ»
L_WLJ[H[PVUZ HUK PU HJJVYKHUJL ^P[O P[Z
JVUJLW[PVU HUK ZLY]PJL JVTTP[TLU[� ([ [OL
TVTLU[ 4LZZL -YHURM\Y[ JHUUV[ N\HYHU[LL
[OH[ [OPZ HPT JHU IL HZZ\YLKS` HJOPL]LK�

¹;OL J\YYLU[ YLN\SH[PVUZ� JVTIPULK ^P[O
JVU[PU\LK NSVIHS [YH]LS YLZ[YPJ[PVUZ HUK [OL
WV[LU[PHS [OYLH[ [V PUKP]PK\HS OLHS[O� THRL P[
PTWVZZPISL [V OVSK 3PNO[ � )\PSKPUN PU ����¹�
Z[H[LZ >VSMNHUN 4HYaPU� ¹([ [OL ZHTL [PTL� PU
[OL PU[LYLZ[Z VM L_OPIP[VYZ HUK ]PZP[VYZ� ^L
T\Z[ H]VPK \UULJLZZHY` JVZ[Z PU NVVK [PTL�
;OL KLJPZPVU OHZ UV[ ILLU LHZ` MVY HU` VM \Z�
I\[ UV^ ^L ZOHSS IL KPYLJ[PUN V\Y LULYNPLZ [V
OVSKPUN [OL UL_[ 3PNO[ � )\PSKPUN PU P[Z

HJJ\Z[VTLK ZLX\LUJL PU �����¹ ;OL KLJPZPVU
SPRL^PZL HMMLJ[Z 0U[LYZLJ )\PSKPUN� 5V �̂ HZ H
WSH[MVYT MVY JVUULJ[LK ZLJ\YP[` [LJOUVSVN �̀
[OL MVYTH[ ^PSS JLSLIYH[L P[Z WYLTPLYL HZ HU
PU[LNYHS WHY[ VM 3PNO[ � )\PSKPUN PU �����

¹3PNO[ � )\PSKPUN PZ VM X\P[L WHY[PJ\SHY
PTWVY[HUJL MVY JVTWHUPLZ LUNHNLK PU SPNO[PUN
HUK I\PSKPUN ZLY]PJLZ [LJOUVSVN` ¶ P[ PZ OLYL
[OH[ PUK\Z[YPLZ ^P[O [OL SH[LZ[ [LJOUVSVNPLZ
SVVR MHY PU[V [OL M\[\YL� /V^L]LY T\JO ^L
YLNYL[ [OL JHUJLSSH[PVU� ^L HYL HSZV PU MH]VY VM
P[� .P]LU [OL THUPMVSK \UJLY[HPU[PLZ HUK
JOHSSLUNLZ� P[ ^HZ YPNO[ [V THRL [OPZ KLJPZPVU
UV �̂ QVPU[S` HUK PU H KPHSVN\L IL[^LLU
WHY[ULYZ¹� PZ OV^ A=,0 7YLZPKLU[ 4PJOHLS
APLZLTLY W\[Z P[�

;OL JOHPYTHU VM [OL A=,0 (ZZVJPH[PVU MVY
,SLJ[YPJHS 0UZ[HSSH[PVU :`Z[LTZ� +HUPLS /HNLY�
HKKZ! ¹0U [OL WYLZLU[ ZP[\H[PVU ^L ^V\SK UV[
OH]L ILLU HISL [V L_WLYPLUJL [OL WVZP[P]L�
JVVWLYH[P]L HUK PUUV]H[P]L ZWPYP[ ^OPJO 3PNO[ �
)\PSKPUN OHZ LTIVKPLK MYVT P[Z ]LY` Z[HY[�
,]LY`IVK`»Z TPUK PZ LSZL^OLYL HUK ZVJPHS
KPZ[HUJPUN PZ UV[ Z\P[HISL MVY H [YHKL MHPY� :V ^L
ZOV\SK HSS SVVR MVY^HYK! [OL MHPY ^PSS JVU[PU\L [V
L_PZ[� HZ H ILHJVU MVY [OL PUK\Z[Y` HUK HZ H
WSH[MVYT YPJO PU [OL L_JOHUNL VM PKLHZ� 0 HT
Z\YL! PU 4HYJO ����� ^P[O UL^ LULYN �̀ ^L
ZOHSS OH]L H IL[[LY Z[HY[PUN WVPU[ MVY [OL MHPY�¹

4HUMYLK +PLa WYV]PKLZ [OL MVSSV^PUN HUHS`ZPZ
MYVT [OL WLYZWLJ[P]L VM [OL A=,0 (ZZVJPH[PVU
MVY 3PNO[! ¹;OL SPNO[ PUK\Z[Y` PZ H ]LY`
PUUV]H[P]L ZLJ[VY� ^P[O THU` UL^ WYVK\J[Z
HUK [LJOUVSVNPLZ� ;V ZOV^ [OLZL [V H IYVHK
W\ISPJ� 3PNO[ � )\PSKPUN PZ VUL VM V\Y TVZ[
PTWVY[HU[ [VVSZ� ;V THRL Z\YL P[ Z[H`Z ZV¹�
JVU[PU\LZ [OL (ZZVJPH[PVU»Z JOHPYTHU� ¹^L
T\Z[ HSS W\SS [VNL[OLY�¹

([ [OL ZHTL [PTL A=,/ 7YLZPKLU[ 3V[OHY
/LSSTHUU LTWOHZPaLK! ¹6]LY [OL WHZ[ ��
`LHYZ 3PNO[ � )\PSKPUN OHZ KL]LSVWLK PU[V »[OL»
PUMVYTH[PVU HUK [LJOUVSVN` WSH[MVYT MVY [OL
PUK\Z[Y �̀ >OH[ THRLZ [OPZ SLHKPUN PU[LYUH[PVUHS
[YHKL MHPY ZV ]P[HS PZ [OL PU[LUZP]L L_JOHUNL
^OPJO [HRLZ WSHJL IL[^LLU P[Z WHY[PJPWHU[Z�
;OH[ [OLYL PZ UV[OPUN [V YLWSHJL [OL WLYZVUHS
TLL[PUN� KLZWP[L HSS TVKLYU JVTT\UPJH[PVU�
OHZ ILLU H THQVY L_WLYPLUJL K\YPUN [OL
*VYVUH JYPZPZ� 0 HT [OLYLMVYL SVVRPUN MVY^HYK
^P[O WSLHZ\YHISL HU[PJPWH[PVU [V 3PNO[ �
)\PSKPUN ����� H[ ^OPJO JSPTH[L WYV[LJ[PVU�
LSLJ[YVTVIPSP[` HUK KPNP[HSPaH[PVU ^PSS WYV]PKL H
THQVY MVJ\Z�¹

/VSNLY /LJRSLY HSZV OHK ZVTL ^VYKZ [V ZH`
VU [OL TH[[LY� ;OL JOHPYTHU VM [OL =,.
�.LYTHU ,SLJ[YPJHS >OVSLZHSLYZ» (ZZVJPH[PVU�
ZHPK! ¹>L JHU WLYMLJ[S` \UKLYZ[HUK [OPZ
KLJPZPVU� 0[ PZ YLHSS` \UMVY[\UH[L MVY [OL
LSLJ[YPJHS PUK\Z[Y` [OH[ 3PNO[ � )\PSKPUN JHUUV[
IL OLSK PU ���� HUK ^L T\Z[ THUHNL HZ ILZ[
^L JHU ^P[OV\[ V\Y TVZ[ PTWVY[HU[ [YHKL MHPY�
)\[ OLHS[O JVTLZ ÄYZ[�¹

:V MVY ���� [OL [HZR MVY [OL ^OVSL PUK\Z[Y` PZ
[V JH[JO V\Y IYLH[O� [V JVTL IHJR HSS [OL
Z[YVUNLY ¶ H[ 3PNO[ � )\PSKPUN �����

(IV\[ 4LZZL -YHURM\Y[!
4LZZL -YHURM\Y[ PZ [OL ^VYSK»Z SHYNLZ[ [YHKL
MHPY� JVUNYLZZ HUK L]LU[ VYNHUPZLY ^P[O P[Z V^U
L_OPIP[PVU NYV\UKZ� >P[O TVYL [OHU ������
LTWSV`LLZ H[ �� SVJH[PVUZ� [OL JVTWHU`
NLULYH[LZ HUU\HS ZHSLZ VM HYV\UK Á����
TPSSPVU� >L OH]L JSVZL [PLZ ^P[O V\Y PUK\Z[Y`
ZLJ[VYZ HUK ZLY]L V\Y J\Z[VTLYZ» I\ZPULZZ
PU[LYLZ[Z LMÄJPLU[S` ^P[OPU [OL MYHTL^VYR VM V\Y
-HPYZ  ,]LU[Z� 3VJH[PVUZ HUK :LY]PJLZ
I\ZPULZZ ÄLSKZ� 6UL VM [OL .YV\W»Z RL` <:7Z
PZ P[Z JSVZLS` RUP[ NSVIHS ZHSLZ UL[^VYR� ^OPJO
L_[LUKZ [OYV\NOV\[ [OL ^VYSK� 6\Y
JVTWYLOLUZP]L YHUNL VM ZLY]PJLZ ¶ IV[O VUZP[L
HUK VUSPUL ¶ LUZ\YLZ [OH[ J\Z[VTLYZ
^VYSK^PKL LUQV` JVUZPZ[LU[S` OPNO X\HSP[` HUK
ÅL_PIPSP[` ^OLU WSHUUPUN� VYNHUPZPUN HUK
Y\UUPUN [OLPY L]LU[Z� ;OL ^PKL YHUNL VM
ZLY]PJLZ PUJS\KLZ YLU[PUN L_OPIP[PVU NYV\UKZ�
[YHKL MHPY JVUZ[Y\J[PVU HUK THYRL[PUN�
WLYZVUULS HUK MVVK ZLY]PJLZ� /LHKX\HY[LYLK
PU -YHURM\Y[ HT 4HPU� [OL JVTWHU` PZ V^ULK
I` [OL *P[` VM -YHURM\Y[ ��� WLYJLU[� HUK [OL
:[H[L VM /LZZL ��� WLYJLU[�� �
^^ �̂TLZZLMYHURM\Y[�JVT "

.EW #%/ &OR 4RIDONIC

+XJR 5RKQHU ^HZ HWWVPU[LK *,6 VM
;YPKVUPJ� [OL SPNO[PUN [LJOUVSVN` HYT VM [OL
A\T[VILS .YV\W� 4Y 9VOULY QVPUZ HZ HU
PU[LYUH[PVUHSS` L_WLYPLUJLK THUHNLY PU [OL
ÄLSKZ VM KPNP[HSPZH[PVU HUK 0V; �0U[LYUL[ VM
;OPUNZ� HUK ^HZ TVZ[ YLJLU[S` [OL *,6 VM [OL
:RPKH[H .YV\W PU :HSaI\YN� 7YPVY [V [OH[� OL
OLSK SLHKPUN WVZP[PVUZ H[ PU[LYUH[PVUHS
JVTWHUPLZ PU :^P[aLYSHUK� [OL <:( HUK
.LYTHU �̀ )VYU PU :^P[aLYSHUK� OL OVSKZ H
4HZ[LY»Z KLNYLL PU )\ZPULZZ (KTPUPZ[YH[PVU
MYVT [OL <UP]LYZP[` VM :[� .HSSLU �/:.� HUK H
4HZ[LY»Z KLNYLL PU 0U[LYUH[PVUHS 4HUHNLTLU[
MYVT [OL *VTT\UP[` VM ,\YVWLHU
4HUHNLTLU[ :JOVVSZ HUK 0U[LYUH[PVUHS
*VTWHUPLZ �*,4:�� ¸>L HYL KLSPNO[LK [V OH]L

/\NV 9VOULY

HJX\PYLK [OL ZLY]PJLZ VM Z\JO HU L_WLYPLUJLK
THUHNLY PU /\NV 9VOULY� ;YPKVUPJ ^PSS ILULÄ[
MYVT OPZ RUV^�OV^ MYVT [OL 0; PUK\Z[Y �̀
HTVUN V[OLY [OPUNZ�¹ ZH`Z (SMYLK -LSKLY� *,6
VM [OL A\T[VILS .YV\W� ¸;OL ;YPKVUPJ
SLHKLYZOPW [LHT ^P[O *-6 ;OVTHZ ,YH[O HUK
*66 (SL_HUKLY 1HURV]ZR` PZ UV^ JVTWSL[L
HNHPU� "
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&ULL 3PECTRUM ,%$S
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,IGHTING� 3TUDY 3HOWS

-\SS :WLJ[Y\T 3,+ WYVK\J[Z V\[WLYMVYT
JVU]LU[PVUHS ZVS\[PVUZ� HJJVYKPUN [V H
Z[\K` PU[V [OL ]PZ\HS PTWHJ[ HUK WLYJLW[\HS
WLYMVYTHUJL VM 3,+ SPNO[PUN I` [OL
-YH\UOVMLY 0UZ[P[\[L MVY )\PSKPUN 7O`ZPJZ
�0)7� PU :[\[[NHY[� .LYTHU �̀ 9LZLHYJO

/PNO 7LYMVYTHUJL 0UKVVY ,U]PYVUTLU[
3HI �/P70,3HI� H[ -YH\UOVMLY� 0THNL
WYV]PKLK I` -YH\UOVMLY 0UZ[P[\[L

JVUK\J[LK I` [OL VYNHUPaH[PVU H[ P[Z /PNO
7LYMVYTHUJL 0UKVVY ,U]PYVUTLU[ 3HI
�/P70,3HI� PUKPJH[LZ [OH[ -\SS :WLJ[Y\T
3,+ SPNO[PUN KLSP]LYZ NYLH[LY ]PZ\HS JVTMVY[
HUK HU PTWYV]LK WLYJLW[PVU VM UH[\YHSULZZ
�PUJS\KPUN JVSVY� JVUKP[PVU HUK X\HSP[`�
JVTWHYLK [V Z[HUKHYK 3,+ WYVK\J[Z�
9LZLHYJOLYZ JVUJS\KLK [OH[ \UYP]HSSLK
JVSVY YLUKLYPUN MVY KPMMLYLU[ JVSVY
[LTWLYH[\YLZ JHU IL WYV]PKLK I` -\SS
:WLJ[Y\T 3,+Z�

¸;OLYL PZ SPTP[LK YLZLHYJO VU [OL PTWHJ[ VM
-\SS :WLJ[Y\T 3,+Z VU WLVWSL»Z
WLYJLW[PVU� ^P[O H MVJ\Z PUZ[LHK VU [OL
WZ`JOVSVNPJHS LMMLJ[Z VM UH[\YHS HUK HY[PÄJPHS
SPNO[ PU NLULYHS¹� ZHPK +Y� <SM 4LPULYZ�
4HUHNPUN +PYLJ[VY H[ 5PJOPH .LYTHU �̀

-\SS :WLJ[Y\T 3,+Z HYL \Z\HSS` JH[LNVYPaLK
HZ [OVZL LTP[[PUN SPNO[ ZPTPSHY PU
JVTWVZP[PVU [V UH[\YHS Z\USPNO[� 50*/0(�
MVY L_HTWSL� OHZ KL]LSVWLK H YHUNL VM
WYVWYPL[HY` -\SS :WLJ[Y\T 3,+ ZVS\[PVUZ
^P[O ZWLJPÄJ ILULÄ[Z� -VY L_HTWSL�
6W[PZVSPZ� [LJOUVSVN` HJJ\YH[LS` TPTPJZ
Z\USPNO[ I\[ ^P[OV\[ WYVK\JPUN HU`
\S[YH]PVSL[ SPNO[ �^OPJO JHU KLNYHKL
WYLJPV\Z HY[LMHJ[Z� THRPUN P[ PKLHS MVY
T\ZL\TZ� HY[ NHSSLYPLZ HUK QL^LSY` Z[VYLZ
HTVUN V[OLY YL[HPS ZL[[PUNZ� =P[HZVSPZ�
WYVK\J[Z [HYNL[ O\THU JLU[YPJ SPNO[PUN
HWWSPJH[PVUZ ^P[O H JVSVY ZWLJ[Y\T YPJOLY PU
J`HU JVU[LU[ [V WYVTV[L NYLH[LY HSLY[ULZZ�

;OL ZVVU�[V�IL W\ISPZOLK -YH\UOVMLY 0)7
Z[\K` PUJVYWVYH[LK H [LJOUPJHS JVTWHYPZVU
VM [OL 3,+ ZWLJ[YH [V KH`SPNO[ ZWLJ[YH� H
SP[LYH[\YL YL]PL^ HKKYLZZPUN [OL LMMLJ[ VM
SPNO[ ZWLJ[YH VU O\THUZ� HUK H
WZ`JOVSVNPJHS Z[\K` ^P[O �� WLYZVUZ PU HU

VMÄJL ZL[[PUN� ,HJO WHY[PJPWHU[ ^HZ [LZ[LK
MVY VUL OV\Y PU VUL VM MV\Y KPMMLYLU[ SPNO[PUN
ZL[[PUNZ JVTWHYPUN -\SS :WLJ[Y\T 3,+Z
^P[O JVU]LU[PVUHS 3,+Z VU ]HYPV\Z HZWLJ[Z
Z\JO HZ ]PZ\HS JVTMVY[� UH[\YHSULZZ�
JVUJLU[YH[PVU� NLULYHS NSHYL YH[PUN�
ZSLLWPULZZ� HSLY[ULZZ HUK NSVZZPULZZ�

¹(Z H WPVULLY VM [Y\L
KH`SPNO[ ^OP[L 3,+
LTP[[LYZ� 50*/0(
^LSJVTLZ [OL ÄUKPUNZ
MYVT -YH\UOVMLY 0)7�
>L OVWL UL^ Z[\KPLZ
HYL KL]LSVWLK [V
M\Y[OLY KLTVUZ[YH[L
[OL WLYMVYTHUJL VM -\SS
:WLJ[Y\T 3,+Z VU
WLYJLW[PVU� ILOH]PVY
HUK OLHS[O�¹
+9� <3- 4,05,9:� 4(5(.05. +09,*;69 (;
50*/0( .,94(5@

"

'LACIAL,IGHT  .EW .ATURAL
3UNLIGHT
',,-2������6., WITH
$# )NPUT 6OLTAGE

.SHJPHS3PNO[� [OL 3,+ SPNO[PUN KP]PZPVU VM

.SHJPHS;LJO 0UJ�� HUUV\UJLZ [OL UH[\YHS
Z\USPNO[ .3�349��������=�53 ^P[O +* ��
= VM ���� 2 ^HYT ^OP[L� >P[O H *90 VM  ��
HZ ^LSS HZ [OL *8: �*VSVY 8\HSP[` :JHSL� PZ
\W [V  �� ;OL JVSVY ÄKLSP[` PUKL_ �;4������
9M� HUK JVSVY NHT\[ ZJVYL �;4������ 9N�
HYL JSVZL [V UH[\YHS Z\USPNO[� 0[ JHU IL
UVU�KPTTHISL HUK KPTTHISL� NP]LU [OL
HWWYVWYPH[L +* LSLJ[YPJHS ZPNUHS" IYPNO[ULZZ
JHU IL HKQ\Z[LK MYLLS` ^P[O H +* JVUZ[HU[
]VS[NL 7>4 ZPNUHS� .SHJPHS7V^LY .7�*=4
JVUZ[HU[ ]VS[HNL ZLYPLZ KYP]LY WYV]PKLZ
UVU�KPTTHISL HUK TVZ[ WVW\SHY [OYLL
KPTTPUN M\UJ[PVUZ PUJS\KL (*�;90(*
KPTTPUN� ��PU�� KPTTPUN HUK +(30
KPTTPUN MVY NYLH[LY SPNO[PUN ÅL_PIPSP[` HUK
HYL Z\P[HISL MVY .3�349��������=�53�

;OL .3�349��������=�53 VMMLYZ VW[PVUHS
YV\UK HUK ZX\HYL ZPUNSL OV\ZPUN PU ISHJR
HUK ^OP[L� )LZPKLZ [OH[� P[ HSZV WYV]PKLZ
YV\UK KV\ISL OV\ZPUN HUK YV\UK [YPWSL
OV\ZPUN� ;OL ILHT HUNSL JVTLZ PU ���
HUK ���� THRPUN [OPZ UL^ WYVK\J[ H ÅL_PISL
SPNO[PUN ZVS\[PVU MVY HU` ZWHJL� ;OL LSLNHU[�
ZPTWSL KLZPNU� ^P[O H YV\UKLK SPNO[PUN
Ä_[\YL� THRLZ P[ WLYMLJ[ MVY JYLH[PUN H
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SPNO[PUN H[TVZWOLYL� ;OL
.3�349��������=�53 PZ Z\P[HISL MVY ZWV[
SPNO[PUN� YLZPKLU[PHS SPNO[PUN� JVTTLYJPHS
SPNO[PUN� OHSS^H` SPNO[PUN HUK JHIPUL[
SPNO[PUN�

;OL \ZLY MYPLUKS` .3�349��������=�53
MLH[\YLZ H TPZ[HRL�WYVVÄUN KLZPNU [V JVUULJ[
+* �� = WV^LY PUW\[� 0UZ[HSSLYZ KV UV[ ULLK [V
KPZ[PUN\PZO [OL WVSHYP[` IL[^LLU [OL WVZP[P]L
HUK ULNH[P]L WVSLZ VM WV^LY PUW\[� THRPUN P[
LHZ` [V H]VPK KHTHNPUN [OL \UP[Z ^P[O ^YVUN
WVSHYP[` WV^LY PUW\[� ;OPZ UL^ WYVK\J[ HSZV
JVTLZ PU H WHYHSSLS L_WHUKHISL KLZPNU� 0[ JHU
KPYLJ[S` JVUULJ[ SV[Z VM +* SPNO[PUN Ä_[\YLZ ^P[O
VUL JVUZ[HU[ ]VS[HNL KYP]LY PM P[ WYV]PKLZ
LUV\NO ^H[[Z� 0[ ZH]LZ L_[YH 3,+ KYP]LYZ MLL
HUK ^VYRPUN OV\YZ� ;OL UH[\YHS Z\USPNO[

.SHJPHS»Z UL^ .3�349��������=�53 PZ
JOHYHJ[LYPaLK I` OPNO *90� OPNO *8:�
HUK OPNO 9M YLZWLJ[P]LS` 9N ]HS\LZ K\L [V
P[Z JVU[PU\V\Z ZWLJ[YHS KPZ[YPI\[PVU HJYVZZ
HSS ^H]LSLUN[OZ

.3�349��������=�53 ^P[O OPNO JVSVY
YLUKLYPUN PUKL_  � WYVK\JLZ H JVU[PU\V\Z
ZWLJ[YHS KPZ[YPI\[PVU HJYVZZ HSS ^H]LSLUN[OZ
HUK UV JVSVY NHWZ� Q\Z[ SPRL [OL ZWLJ[YHS
KPZ[YPI\[PVU VM Z\USPNO[� 0[ PZ \UPX\LS` KLZPNULK
^P[O M\SS ZWLJ[Y\T [LJOUVSVN` [OH[ SL[Z `V\ ZLL
LHJO JVSVY HZ UH[\YHS� YLHS SPNO[�

(IV\[ .SHJPHS3PNO[!
.SHJPHS3PNO[� [OL SPNO[PUN KP]PZPVU VM
.SHJPHS;LJO� THU\MHJ[\YLZ 3,+ SPNO[PUN
ZVS\[PVUZ MVY PUKVVY�V\[KVVY HWWSPJH[PVUZ HUK
IV[O YLZPKLU[PHS HUK JVTTLYJPHS \ZLZ� (Z ^LSS
HZ OH]PUN H ^PKL YHUNL VM ÄUPZOLK 3,+ SPNO[PUN
WYVK\J[Z� .SHJPHS3PNO[ HSZV VMMLYZ P[Z JSPLU[Z [OL
VW[PVU VM J\Z[VTPaPUN WYVK\J[Z MVY ZWLJPÄJ
ULLKZ� � ^^ �̂.SHJPHS3PNO[�JVT "

62/,' 67$7( /,*+7,1*

0$5.(7

,' )NNOTEK 3ELLS OFF ,%$
"USINESS

(JJVYKPUN [V ;/, ,3,*� 2VYLH ,SLJ[YVUPJZ
0UK\Z[Y` 4LKPH� HUK V[OLY PUK\Z[Y` ZV\YJLZ� VU
(WYPS ��� 3. 0UUV[LR OHZ ZVSK VMM P[Z 3,+
I\ZPULZZ� ^P[O >VVYLL ,3 HUK :LV\S

:LTPJVUK\J[VY [HRPUN V]LY [OL )3< 3,+ ZHSLZ
YPNO[Z�

)3< 3,+ HYL ULJLZZHY` SPNO[ ZV\YJLZ MVY 3*+
WHULSZ� ;OL` HYL \ZLK PU 3*+ ;=Z� SHW[VWZ�
TVUP[VYZ HUK V[OLYZ� >VVYLL ,3� H WHY[ VM
>VVYLL .YV\W� OHZ ZLJ\YLK YPNO[Z [V ZLSS )3<
3,+ PU SHW[VWZ� TVUP[VYZ HUK ZPNUHNL HSVUN
^P[O ZVTL YPNO[ MVY ;=Z� >P[O [OL YPNO[Z�
>VVYLL ,3 PZ WLYTP[[LK [V Z\WWS` [V
JVTWHUPLZ Z\JO HZ 3. ,SLJ[YVUPJZ� +LSS HUK
/7 ]PH 3. +PZWSH �̀

>VVYLL ,3 PZ J\YYLU[S` ZLSSPUN 3,+ WHJRHNLZ
MVY SHW[VWZ� TVUP[VYZ� ZTHY[ 7*Z� ;=Z HUK
H\[VTVIPSLZ� ;OPZ SH[LZ[ KLHS ^P[O 3. 0UUV[LR
PZ L_WLJ[LK [V ZWLSS V\[ IPNNLY ZHSLZ MVY [OL
2VZKHX�SPZ[LK ÄYT� ^OPJO YLJVYKLK ZHSLZ VM
29> ����� IPSSPVU PU ��� � HUK HU VWLYH[PUN
WYVÄ[ VM 29> ��� IPSSPVU�

4LHU^OPSL� :LV\S :LTPJVUK\J[VY ZLJ\YLK
TVYL [OHU OHSM [OL ZHSLZ YPNO[Z MVY 3*+ ;=Z� 0[
HSZV JHU ZLSS ]PH 3. KPZWSH �̀ ^OPJO PZ SPRLS` [V
IVVZ[ P[Z YL]LU\LZ MYVT [OPZ `LHY� 0U ��� � P[Z
ZHSLZ Z[VVK H[ 29> ��� [YPSSPVU ^VU� HUK HU
VWLYH[PUN WYVÄ[ VM 29> � �� IPSSPVU� )V[O

>VVYLL ,3 HUK :LV\S :LTPJVUK\J[VY [VVR
V]LY [OL VYKLYZ MYVT 3. 0UUV[LR LHYS` [OPZ `LHY
[V ILNPU THZZ WYVK\J[PVUZ� 3. 0UUV[LR WSHUZ
[V KYVW [OL I\ZPULZZ HS[VNL[OLY ^P[OPU [OL ÄYZ[
OHSM VM [OPZ `LHY� >VVYLL ,3 HUK :LV\S
:LTPJVUK\J[VY KPK UV[ HJX\PYL [OL )3<
3,+�YLSH[LK HZZL[Z MYVT 3. 0UUV[LR� TVZ[S`
ILJH\ZL [OL` OHK Z\MÄJPLU[ WYVK\J[PVU
MHJPSP[PLZ HSYLHK �̀

3. 0UUV[LR PZ WSHUUPUN [V ZLSS Z\JO HZZL[Z [V H
*OPULZL JVTWHU �̀ ZHPK VUL ZV\YJL JSVZL [V
[OL TH[[LY�

0U 6J[VILY� ��� � 3. 0UUV[LR KLJPKLK [V
YLZ[Y\J[\YL P[Z 3,+ I\ZPULZZ [OH[ ^HZ ISLLKPUN
TVUL �̀ 0[ [YPLK [V ZLSS ]PH [\YURL �̀ I\[ MHPSLK [V
ÄUK [OL YPNO[ WHY[ULY� 0U [OL WYVJLZZ� 3.
0UUV[LR KLJPKLK [V RLLW P[Z H\[VTVIPSL
TVK\SL I\ZPULZZ� 0[ PZ J\YYLU[S` PU [OL TPKZ[ VM
KL]LSVWPUN [OLT ^P[O WHY[ULYZ�

3. 0UUV[LR»Z 3,+ I\ZPULZZ YLJVYKLK ��
Z[YHPNO[ `LHYZ VM KLÄJP[ ZPUJL P[ ^HZ ÄYZ[ SPZ[LK
VU [OL THPU IV\YZL PU ����� <W \U[PS ��� � [OL
KP]PZPVU»Z HJJ\T\SH[LK VWLYH[PUN KLÄJP[ Z[VVK
H[ 29> � [YPSSPVU� ;V OLSW J\[ H^H` [OL SVZZLZ�
3. 0UUV[LR HSZV ZO\[[LYLK P[Z /+0 I\ZPULZZ PU
��� � [YPNNLYPUN ZWLJ\SH[PVU [OH[ [OL ÄYT ^PSS
WVZ[ IL[[LY IV[[VT ÄN\YLZ [OPZ `LHY� "

6<67(06
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;OL UL^ ,JSPWZL ZWV[SPNO[ YHUNL MYVT ,9*6
^V\SK OH]L ILLU ZOV^JHZLK H[ 3PNO[ �
)\PSKPUN PU 4HYJO� ,9*6 ZWLJPHSPZL PU SPNO[PUN
[LJOUVSVN` MVY! WYLZ[PNPV\Z T\ZL\TZ� HY[
NHSSLYPLZ HUK L_JS\ZP]L YL[HPS WYVQLJ[Z� *SPLU[Z
OH]L JVTL [V L_WLJ[ PUKP]PK\HS SPNO[PUN
ZVS\[PVUZ [OH[ ZPT\S[HULV\ZS` VMMLY WLYMLJ[
X\HSP[` PU [LYTZ VM KLZPNU HUK SPNO[PUN
[LJOUVSVN �̀ ( YLX\PYLTLU[ [OH[ ,9*6 TLL[Z
������ [PTLZ ^P[O [OL ,JSPWZL YHUNL ¶ [OL UL^
ZWV[SPNO[Z� ÅVVKSPNO[Z HUK ^HSS^HZOLYZ UV[
VUS` PTWYLZZ ^P[O PUUV]H[P]L [LJOUPJHS KL[HPSZ
I\[ HSZV ^P[O \UWYLJLKLU[LK Z`Z[LT ZJVWL�
5L]LY ILMVYL OHZ ,9*6 OHK H YHUNL VM
ZWV[SPNO[Z ^P[O ZV THU` ZPaLZ� VW[PJZ� SPNO[
JVSV\YZ HUK JVUULJ[P]P[` VW[PVUZ ¶ HZ ^LSS HZ
Z\JO H ^PKL YHUNL VM HJJLZZVYPLZ [OH[ M\Y[OLY
PUJYLHZLZ WVZZPIPSP[PLZ�

)\[ ^OH[ T\Z[ H SPNO[PUN Z`Z[LT SVVR SPRL [OH[
LTWOHZPZLZ WYLJPV\Z VIQLJ[Z PU KPZWSH` JHZLZ
HZ IYPSSPHU[S` HZ P[ \UPMVYTS` ÅVVKZ [OL ^HSSZ VM
HY[ NHSSLYPLZ VY OPNOSPNO[Z SHYNL ZJ\SW[\YLZ PU
H[YPH& +LÄUP[LS` \USPRL HU`[OPUN LSZL ILMVYL�
[OV\NO[ [OL ,9*6 KL]LSVWLYZ HUK KLZPNULYZ�
;OL VYPNPUHS HWWLHYHUJL VM ,JSPWZL PZ
JOHYHJ[LYPZLK I` P[Z UL^ [`WL VM VW[PJZ� (
IH`VUL[ JVUULJ[Z [OLZL PU[LYJOHUNLHISL SLUZ
\UP[Z ^P[O [OL ZSLUKLY� J`SPUKYPJHS S\TPUHPYL
IVKPLZ THKL VM JHZ[ HS\TPUP\T�

(WHY[ MYVT H ML^ PU[LYLZ[PUN L_JLW[PVUZ [V IL
KPZJ\ZZLK ILSV �̂ [OL VW[PJZ JYLH[L [OLPY
ZWLJPÄJ SPNO[ KPZ[YPI\[PVU I` TLHUZ VM ZWLJPHS
+HYRSPNO[ SLUZLZ MYVT VUS` VUL SPNO[ WVPU[� +\L
[V [OL JSLHY� OPNOS` UVU�YLÅLJ[P]L SLUZLZ� [OL
ILHT WH[O PZ ]PY[\HSS` PU]PZPISL HUK [OL SPNO[
LTPZZPVU PZ MYLL VM ZWPSS SPNO[ ¶ MVY H THNPJHS
HWWLHYHUJL HUK Z\WLYPVY ]PZ\HS JVTMVY[�
*VUZPZ[LU[ HUK ZJHSHISL

;OL KPTLUZPVUZ VM [OL ,JSPWZL Z`Z[LT ZJVYL
WVPU[Z L]LU ^P[OV\[ [OL LSLTLU[ VM THNPJ! Ä]L
ZPaLZ MYVT ?: [V ?3 WYV]PKL HU LUVYTV\Z
YHUNL VM S\TLU WHJRHNLZ MVY HWWSPJH[PVUZ VM
HU` ZJHSL� ;OL TVZ[ JVTWHJ[ ,JSPWZL
ZWV[SPNO[Z ^P[O H KPHTL[LY VM VUS` ��TT M\SS`
L_WSVP[ [OL TPUPH[\YPZH[PVU WV[LU[PHS VM TVKLYU
3,+ [LJOUVSVN �̀ ;OL` LUHISL OPNOS` U\HUJLK
SPNO[PUN JVUJLW[Z L]LU \UKLY [PNO[ ZWHJL
JVUKP[PVUZ� LZWLJPHSS` ^P[O [OL ]HYPHU[ MVY
4PUPYHPS ��= [YHJR� 0U HU` ZPaL� [OL
PU[LYJOHUNLHISL SLUZ \UP[Z LUZ\YL [OH[ [OL SPNO[
KPZ[YPI\[PVU PZ WYLJPZLS` HUK ÅL_PIS` TH[JOLK [V
[OL SPNO[PUN [HZR H[ OHUK�
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;OL JVTWSL[L [VVSIV_
;OL JVTWSL[L NHT\[ VM JOHYHJ[LYPZ[PJZ MYVT
[OL ,9*6 S\TPUHPYL Z`Z[LT HYL H]HPSHISL [V
SPNO[PUN KLZPNULYZ� /PNO�WYLJPZPVU +HYRSPNO[
SLUZLZ KLÄUL [OL YV[H[PVUHSS` Z`TTL[YPJ SPNO[
KPZ[YPI\[PVUZ YHUNPUN MYVT UHYYV^ ZWV[ ���� [V
L_[YH ^PKL ÅVVK ������ ;OLYL PZ HSZV H YHUNL VM
,9*6 ZWLJPHSP[` MLH[\YLZ! [^V H_PHSS`
Z`TTL[YPJ SPNO[ KPZ[YPI\[PVUZ JVUZPZ[PUN VM V]HS
ÅVVK ���� _ ���� HUK V]HS ^PKL ÅVVK ���� _
����� [OL ^HSS^HZO HZ`TTL[YPJ SPNO[
KPZ[YPI\[PVU MVY \UPMVYT ]LY[PJHS PSS\TPUH[PVU� [OL
JVU[V\Y ZWV[SPNO[ MVY JYPZW�LKNLK WYVQLJ[PVUZ
VU[V Z\YMHJLZ HUK [OL [^V JVTWHJ[ aVVT
VW[PJZ VM aVVT ZWV[ ���� ¶ ���� HUK aVVT V]HS
���� _ ��� [V ��� _ ����� 0U ZOVY[� HU LU[PYL
[VVSIV_ ^P[O ^OPJO HSS JVUJLP]HISL ZP[\H[PVUZ
JHU IL THZ[LYLK� MVY L_HTWSL� PU T\ZL\T
SPNO[PUN ¶ ^P[O HJJLZZVYPLZ Z\JO HZ ZJ\SW[\YL
SLUZLZ HUK ZVM[ MVJ\Z SLUZLZ LUHISPUN M\Y[OLY
ÄUL�[\UPUN�

7LYMLJ[S` TH[JOLK 3,+ ZWLJ[YH
;OL ZHTL WYPUJPWSL ¶ H TVK\SHY KLZPNU ^P[O
HJJLZZVYPLZ ¶ HSZV THRLZ [OL Z`Z[LT
L_[YLTLS` ]LYZH[PSL HUK ÅL_PISL PU [LYTZ VM SPNO[
JVSV\YZ� ,JSPWZL JVTLZ ^P[O 3,+Z PU ZP_ SPNO[
ZWLJ[YH ^P[O JVSV\Y [LTWLYH[\YLZ MYVT ����2
[V ����2 HUK JVSV\Y YLUKLYPUN PUKPJLZ MYVT
9H �� [V 9H  �� -V\Y JVU]LYZPVU ÄS[LYZ HZ
HJJLZZVYPLZ JYLH[L �� HKKP[PVUHS ZWLJ[YH MVY
JVSV\Y ÄUL�[\UPUN� (S[LYUH[P]LS �̀ [\UHISL ^OP[L
HUK 9.)> HYL HSZV H]HPSHISL� LZWLJPHSS` MVY
K`UHTPJ ZJLULZ� 0U [OL JHZL VM ,JSPWZL� ,9*6
VMMLYZ ]HYPV\Z JVU]LU[PVUHS HUK ^PYLSLZZ
JVUULJ[P]P[` ZVS\[PVUZ [V JVU[YVS Z\JO M\UJ[PVUZ
HUK MVY PUÄUP[LS` ]HYPHISL KPTTPUN KV^U [V
���� ¶ PU HU L]LU SHYNLY ZLSLJ[PVU [OHU \Z\HS�

*VUULJ[P]P[` ¶ MYVT )S\L[VV[O [V APNILL
4VZ[ VW[PVUZ HYL H]HPSHISL MVY [OL ,JSPWZL
0U;YHJR S\TPUHPYL TVKLS ^P[O P[Z \S[YH�ZSPT�
Å\ZO�YHPS HKHW[LYZ MVY [OL ,9*6 [YHJR� ;OL
VW[PVUZ MVY ^PYLSLZZ JVU[YVS ]PH *HZHTIP
)S\L[VV[O VY APNILL ��� HYL LZWLJPHSS`
UV[L^VY[O` OLYL ¶ I\[ HSZV [OL UL^ 4\S[P +PT
JVU[YVS NLHY ^OPJO PZ L_[YLTLS` ÅL_PISL ^P[O
+(30� 7\ZO +PT VY WOHZL KPTTPUN� ,JSPWZL
�ZPaLZ ?: [V 4� PZ HSZV H]HPSHISL ^P[O [OL
WYV]LU ,9*6 [YHUZHKHW[LY ZWLJPÄJHSS` HZ HU
\WNYHKL MVY L_PZ[PUN [YHJR PUZ[HSSH[PVUZ� ,JSPWZL
��= MVY 4PUPYHPS JHU IL JVU[YVSSLK ^PYLSLZZS` ]PH
*HZHTIP )S\L[VV[O� APNILL ��� HUK +(30 ]PH
*HZHTIP .H[L^H �̀ ;OL VW[PVUZ ¸Z^P[JOHISL¹
HUK ¸VU�IVHYK +PT¹ ^P[O YV[HY` JVU[YVS VU [OL
S\TPUHPYL HYL H]HPSHISL PU HSS ]LYZPVUZ�

( M\[\YL�VYPLU[LK OPNO LUK Z`Z[LT
;OL [LJOUPJHS KL[HPSZ V\[SPULK HIV]L THRL P[
JSLHY! ^P[O P[Z ,JSPWZL YHUNL� ,9*6 IYLHRZ
UL^ NYV\UK PU THU` HYLHZ HUK [O\Z YLPUMVYJLZ
P[Z JSHPT [V SLHKLYZOPW PU [OL SPNO[PUN PUK\Z[Y`
MVY T\ZL\TZ� L_JS\ZP]L ZOVWZ HUK
JVTWHYHISL HWWSPJH[PVUZ [OH[ KLTHUK
OPNO�LUK SPNO[PUN [VVSZ� ;V ZVS]L KLTHUKPUN
SPNO[PUN [HZRZ� ,JSPWZL PZ ZL[ [V ILJVTL [OL
WYLTPLY JOVPJL MVY HSS SPNO[PUN KLZPNULYZ HUK
\ZLYZ PU [OL M\[\YL� "

&IRST /UTDOOR ,%$ ,UMINAIRES
2ECEIVED :HAGA$�I
#ERTIlCATION

;OL AOHNH *VUZVY[P\T �AOHNH� HUK [OL +PNP[HS
0SS\TPUH[PVU 0U[LYMHJL (SSPHUJL �+PP(� OH]L
YLHJOLK H RL` TPSLZ[VUL PU [OLPY QVPU[
AOHNH�+�P JLY[PÄJH[PVU WYVNYHT� :L]LYHS
S\TPUHPYLZ MYVT :PNUPM` HUK :JOYtKLY OH]L
ILLU JLY[PÄLK HJJVYKPUN [V [OPZ UL^ WYVNYHT�
;OL` JHU JHYY` [OL K\HS SVNVZ VM AOHNH HUK
+�P ^OPJO [VNL[OLY PUKPJH[L PU[LYVWLYHIPSP[` VM
S\TPUHPYLZ� ZLUZVYZ HUK�VY JVTT\UPJH[PVU
UVKLZ�

¹;OL \ZL VM [OL AOHNH HUK +�P SVNVZ [VNL[OLY
VU S\TPUHPYLZ HUK UVKLZ ^PSS WYV]PKL JSHYP[`
HUK JVUÄKLUJL PU T\S[P�]LUKVY WYVK\J[
PU[LYVWLYHIPSP[ �̀¹ ZHPK 7H\S +YVZPOU� +PP(
.LULYHS 4HUHNLY�

)HZLK VU JVTWSLTLU[HY` ZWLJPÄJH[PVUZ MYVT
AOHNH HUK +PP(� AOHNH�+�P THRLZ P[ LHZ` [V
HKK VY \WNYHKL ZLUZVYZ HUK�VY
JVTT\UPJH[PVU UVKLZ� ;OPZ LUHISLZ ZTHY[�
M\[\YL�WYVVM 3,+ S\TPUHPYLZ ^P[O 0V;
JVUULJ[P]P[ �̀

¹>P[O [OL AOHNH�+�P JLY[PÄJH[PVU WYVNYHT�
KLJPZPVU THRLYZ PU V\[KVVY YVHK SPNO[PUN JHU
JVTIPUL [OL SVUN�SHZ[PUN UH[\YL VM [OL SPNO[PUN

PUMYHZ[Y\J[\YL ^P[O [OL YHWPK JOHUNLZ PU KPNP[HS
JVTT\UPJH[PVU HUK ZLUZVY [LJOUVSVN �̀¹ ZHPK
+LL +LU[LULLY� AOHNH :LJYL[HY`�.LULYHS�

AOHNH�+�P S\TPUHPYLZ OH]L H WV^LYLK AOHNH
YLJLW[HJSL� ^OPJO JHU HJJVTTVKH[L H ZLUZVY
VY JVTT\UPJH[PVU UVKL ^P[O H JVYYLZWVUKPUN
AOHNH WS\N� (SZV� AOHNH�+�P S\TPUHPYLZ \ZL
3,+ KYP]LYZ TLL[PUN [OL +�P YLX\PYLTLU[Z�
PUJS\KPUN [OL H]HPSHIPSP[` VM +(30�� S\TPUHPYL�
LULYN` HUK KPHNUVZ[PJZ KH[H� AOHNH�+�P

:L]LYHS V\[KVVY 3,+ S\TPUHYPLZ OH]L
YLJLP]LK AOHNH�+�P JLY[PÄJH[PVU HZ H
YLZ\S[ VM [OL QVPU[ WYVNYHT MYVT AOHNH
HUK +PP(

JLY[PÄJH[PVU VM ZLUZVYZ HUK�VY JVTT\UPJH[PVU
UVKLZ ^PSS ILJVTL H]HPSHISL SH[LY PU �����
AOHNH�+�P S\TPUHPYLZ HYL SPZ[LK VU [OL AOHNH
^LIZP[L H[ aOHNHZ[HUKHYK�VYN�WYVK\J[Z�O[T �
^OPSL +�P KYP]LYZ JHU IL MV\UK PU [OL +PP(

https://gloptic.com
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VUSPUL 7YVK\J[ +H[HIHZL H[
KPNP[HSPSS\TPUH[PVUPU[LYMHJL�VYN�WYVK\J[Z

;OL ÄYZ[ AOHNH�+�P S\TPUHPYLZ HYL V\[KVVY
Ä_[\YLZ [OH[ HYL JLY[PÄLK PU HJJVYKHUJL ^P[O
[OL YLX\PYLTLU[Z VM AOHNH )VVR �� ,K ����
W\ISPZOLK PU SH[L ��� �

AOHNH�+�P JLY[PÄJH[PVU ^PSS IL L_[LUKLK [V
PUJS\KL AOHNH )VVR �� MVY PUKVVY
HWWSPJH[PVUZ� ^OPJO ^PSS IL W\ISPZOLK PU (WYPS
���� MVY AOHNH TLTILYZ� 7YLSPTPUHY`
PUMVYTH[PVU ^HZ W\ISPZOLK PU 3W9 �� �[OL
4H`�1\UL ��� PZZ\L��

(IV\[ +PP(!
;OL +PNP[HS 0SS\TPUH[PVU 0U[LYMHJL (SSPHUJL �+PP(�
PZ HU VWLU� NSVIHS JVUZVY[P\T VM SPNO[PUN
JVTWHUPLZ [OH[ HPTZ [V NYV^ [OL THYRL[ MVY
SPNO[PUN�JVU[YVS ZVS\[PVUZ IHZLK VU +PNP[HS
(KKYLZZHISL 3PNO[PUN 0U[LYMHJL �+(30�
[LJOUVSVN �̀ +PP( PZ KYP]PUN [OL HKVW[PVU VM
+(30��� [OL SH[LZ[ ]LYZPVU VM [OL
PU[LYUH[PVUHSS`�Z[HUKHYKPaLK +(30 WYV[VJVS�
+(30�� PUJS\KLZ TVYL WYVK\J[ [`WLZ� TVYL
MLH[\YLZ� JSLHYLY ZWLJPÄJH[PVUZ HUK PUJYLHZLK
[LZ[PUN� +PP( VWLYH[LZ [OL +(30 � JLY[PÄJH[PVU
WYVNYHT� IYPUNPUN [OL WYVTPZL VM
ZPNUPÄJHU[S`�PTWYV]LK PU[LYVWLYHIPSP[`
JVTWHYLK ^P[O J\YYLU[ +(30 Z`Z[LTZ PU [OL
THYRL[� +PP( KL]LSVWZ [LZ[ ZWLJPÄJH[PVUZ MVY
+(30�� WYVK\J[ JVTWSPHUJL [LZ[PUN� HUK HSZV
JYLH[LZ UL^ ZWLJPÄJH[PVUZ MVY HKKP[PVUHS
+(30�� MLH[\YLZ HUK M\UJ[PVUZ� �
^^ �̂KPNP[HSPSS\TPUH[PVUPU[LYMHJL�VYN

(IV\[ AOHNH!
AOHNH PZ H NSVIHS HZZVJPH[PVU VM SPNO[PUN
JVTWHUPLZ [OH[ PZ Z[HUKHYKPaPUN PU[LYMHJLZ VM
JVTWVULU[Z VM 3,+ S\TPUHPYLZ� PUJS\KPUN 3,+
SPNO[ LUNPULZ� 3,+ TVK\SLZ� 3,+ HYYH`Z�
OVSKLYZ� LSLJ[YVUPJ JVU[YVS NLHY �3,+ KYP]LYZ�
HUK JVUULJ[P]P[` Ä[ Z`Z[LTZ� ;OPZ OLSWZ [V
Z[YLHTSPUL [OL 3,+ SPNO[PUN Z\WWS` JOHPU� HUK
[V ZPTWSPM` 3,+ S\TPUHPYL KLZPNU HUK
THU\MHJ[\YPUN� AOHNH JVU[PU\LZ [V KL]LSVW
ZWLJPÄJH[PVUZ IHZLK VU [OL PU[LY�YLSH[LK
[OLTLZ VM PU[LYVWLYHISL JVTWVULU[Z� ZTHY[
HUK JVUULJ[LK SPNO[PUN� HUK ZLY]PJLHISL
S\TPUHPYLZ� � ^^ �̂aOHNHZ[HUKHYK�VYN "

4OM $IXON AND 0ROLICHT
#OLLABORATION ,EADS TO A .EW
,IGHTING 2ANGE  #/$%

)YP[PZO KLZPNULY ;VT +P_VU HUK SLHKPUN
THU\MHJ[\YLY VM HYJOP[LJ[\YHS SPNO[PUN 7YVSPJO[�
HUUV\UJLK [OLPY JVSSHIVYH[PVU HUK \U]LPS [OLPY
UL^ SPNO[PUN YHUNL! *6+,� ;OL JVTTVU
HTIP[PVU ^HZ [V YL[OPUR [YHJR SPNO[PUN HUK [V
JLSLIYH[L [OL MHZ[�KL]LSVWPUN ^VYSK VM
LSLJ[YVUPJZ HUK 3,+Z� ;OLPY WHY[ULYZOPW
LUHISLZ H \UPÄLK WYVWVZHS MVY HYJOP[LJ[Z HUK
KLZPNULYZ! H \UPX\L JVTIPUH[PVU VM OPNOS`
[LJOUPJHS HUK KLJVYH[P]L SPNO[PUN PU VUL
WYVK\J[�

;VT ZH`Z! »-VY [OL WHZ[ `LHY� ^L»]L ILLU
VIZLZZLK ^P[O WYPU[LK JPYJ\P[ IVHYKZ �7*)Z��
:V ÅH[� ZV LMÄJPLU[� HUK ZV ]LY` S\TPUV\Z� 6\Y
JVSSHIVYH[PVU ^P[O 7YVSPJO[ Z[HY[LK OPNO PU [OL
TV\U[HPUZ VM 0UUZIY\JR ^OLYL ^L ZOHYLK V\Y
ÄYZ[ [OV\NO[Z VU H 4PUPTHS ;YHJR :`Z[LT [OH[
^V\SK H[[LTW[ [V YLTV]L [OL Z\WLYÅ\V\Z HUK
YL]LHS [OL SPNO[ LUNPUL PU HSS P[Z UHRLK NSVY �̀»

>HS[LY 5VYa� 7YVSPJO[ *,6 HKKZ! »0[ ^HZ
HTHaPUN OV^ X\PJRS` [OL JVUULJ[PVU ^P[O ;VT
HUK OPZ [LHT Z[HY[LK� -YVT V\Y ]LY` ÄYZ[
TLL[PUN� [OL ZWHYR VM JYLH[P]P[` ^HZ [OLYL� HUK
^L HSS PTTLKPH[LS` MLS[ HU \YNL [V Z[HY[
ZVTL[OPUN [VNL[OLY� 6\Y ÄYZ[ QVPU[ HK]LU[\YL�
*6+,� YLWYLZLU[Z [OL LWP[VTL VM V\Y
JVSSHIVYH[PVU! ZVTL[OPUN ULP[OLY VM \Z JV\SK
OH]L KVUL ^P[OV\[ [OL V[OLY� ;̂ V KPMMLYLU[
IHJRNYV\UKZ HUK JVTWSLTLU[HY` ZRPSSZ
TLYNPUN [V JYLH[L [OL WLYMLJ[ WYVK\J[�»

*6+, PZ HU 3,+ [YHJR Z`Z[LT ^OPJO
JVTIPULZ 7YVSPJO[»Z L_WLY[PZL PU [LJOUPJHS
SPNO[PUN LUNPULLYPUN ^P[O [OL KPZJLYUPISL ;VT
+P_VU KLZPNU HUK HLZ[OL[PJ� 0[ \[PSPZLZ IHYL
3,+Z VU JPYJ\P[ IVHYKZ [OH[ JHU IL \ZLK [V
JYLH[L [OPU Z[YPWZ� KLSPJH[L JOHPUZ HUK
JVU[PU\V\Z JVS\TUZ VM SPNO[� *6+, OHZ [OYLL
3,+ SPNO[ ZV\YJLZ! +V[� +HZO HUK .YPK� ;OLZL
LSLTLU[HY` ZOHWLZ VM YV\UK� ZX\HYL HUK SPUL
MVYT [OL IHZPZ VM H RP[�VM�WHY[Z� ^OPJO HSSV^
PUÄUP[L WVZZPIPSP[PLZ [V KLZPNU NYHWOPJ SPNO[PUN
ZJ\SW[\YLZ� ;VT ZH`Z! ¹;OL T`Z[LY` [V \Z ^HZ
^O` ZV T\JO [PTL HUK LMMVY[ OHK ILLU
L_WLUKLK OPKPUN HUK TPUPTPZPUN [OLZL
L_[YHVYKPUHY` IVHYKZ [OH[ OH]L ILJVTL ZV
\IPX\P[V\Z� >L ^HU[LK [V NL[ [V [OL LZZLUJL
VM TVKLYU SPNO[� ^OPJO OHZ ZV Z^PM[S` TV]LK
MYVT PUJHUKLZJLU[ LSLJ[YPJHS [V W\YL
LSLJ[YVUPJZ� [YHUZMVYTPUN [OL ^H` ^L HYL HISL
[V PSS\TPUH[L HUK YHKPJHSS` YLK\JL V\Y LSLJ[YPJP[`
JVUZ\TW[PVU H[ [OL ZHTL [PTL� ;OL X\LZ[PVU
^HZ OV^ ^L JV\SK L_WVZL HUK L_WSHPU [OL
ZPTWSL HUK PU[YPJH[L ILH\[` VM [OL JPYJ\P[ IVHYK
HUK Z[YPW H^H` HU` WLYPWOLYHS KLJVYH[PVU VY
Z[Y\J[\YL�¹ ;OYV\NO [OPZ Z[YH[LNPJ WHY[ULYZOPW�

*6+, � ( UL^ SPNO[PUN YHUNL HZ H YLZ\S[
VM [OL JVVWLYH[PVU IL[^LLU ;VT +P_VU
HUK [OL (\Z[YPHU HYJOP[LJ[\YHS SPNO[PUN
ZWLJPHSPZ[� 7YVSPJO[

7YVSPJO[ ^PSS HSZV IL HISL [V VMMLY M\SS`
J\Z[VTPZLK ZVS\[PVUZ VU [OL L_PZ[PUN ;VT
+P_VU SPNO[PUN YHUNL� PUJS\KPUN ILZ[�ZLSSPUN
MHTPSPLZ 4,3;� 409969 )(33 HUK *677,9�
>HS[LY 5VYa ZH`Z! »0U WYHJ[PJL [OPZ TLHUZ [OH[
H J\Z[VTLY ^OV YLX\PYLZ ��� 4LS[ SPNO[Z MVY
OPZ�OLY WYVQLJ[ ^P[O ���TL[YL SVUN JHISLZ VY
^P[O H JVVS ^OP[L OPNO�WV^LYLK 3,+ VY ^P[O H

ZWLJPÄJ KYP]PUN Z`Z[LT JHU VYKLY [OLZL
[OYV\NO 7YVSPJO[� ;OL JVUÄN\YH[PVU VW[PVUZ HYL
LUKSLZZ�» "
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?PJH[V� [OL SLHKPUN WYV]PKLY VM )S\L[VV[O ZTHY[
I\PSKPUN ^PYLSLZZ JVU[YVSZ HUK OPNOLZ[ X\HSP[`
SPNO[ ZV\YJLZ� HUUV\UJLK [OL PU[YVK\J[PVU VM
?-3� [OL UL_[ NLULYH[PVU VM ZTHY[ LUHISLK
SPULHY SPNO[PUN ZVS\[PVUZ [OH[ SP]L \W [V X\HSP[`
Z[HUKHYKZ [OL JVTWHU`»Z 3,+ ZWV[ SPNO[Z OH]L
ZL[ MVY [OL THYRL[ V]LY [OL WHZ[ �� `LHYZ� ;OL
JVTWSL[L HUK MVJ\ZLK WVY[MVSPV PZ KLZPNULK [V
Z\WWVY[ JYLH[P]P[` HUK LHZL VM WYVK\J[
ZLSLJ[PVU MVY SPNO[PUN KLZPNULYZ� ZWLJPÄLYZ� HUK
J\Z[VTLYZ ^P[OV\[ [OL [`WPJHS WHPU VM
ZLHYJOPUN [OYV\NO LUKSLZZ SLNHJ` :2<Z VM[LU
HZZVJPH[LK ^P[O V[OLY WYVK\J[ WVY[MVSPVZ PU [OL
THYRL[�

?PJH[V»Z ?-3 SPUL VM SPULHY SPNO[Z HYL
KLZPNULK [V HJJVTWHU` HSS ]LYZPVUZ
PUJS\KPUN [OL WYLTP\T ]LYZPVU VM ?PJH[V»Z
\UPX\L ?;4�?6) ZLYPLZ VM ZWV[ SPNO[Z
^P[O \UTH[JOLK X\HSP[`

/PNOSPNO[Z!

� ?-3 PZ H UL_[ NLULYH[PVU WVY[MVSPV VM X\HSP[`
ÅL_PISL SPULHY ZV\YJLZ ^P[O JVUZPZ[LU[ Å\_
HUK JVSVY HJJ\YHJ` ^P[O VW[PVUZ [OH[ TH[JO
[OL ?PJH[V JVSVY WVPU[ HUK [OL ?;4�?6)
:WV[ SPNO[Z

� ;OL ?-3 WVY[MVSPV PUJS\KLZ =P]PK >OP[L� /PNO
+LUZP[ �̀ -\SS 5H[\YHS :WLJ[Y\T� ;\UHISL�
+PT�[V�>HYT� 9.)>� 5LVU HUK :WLJPHS[`
SPNO[ VW[PVUZ [V Z\P[ KLZPNULY»Z [HYNL[Z

� �� = PUW\[ MVY LHZL VM ZLSLJ[PVU HUK
PU[LNYH[PVU

� :LSLJ[PVU VM HWWYV]LK �YK WHY[` (* KYP]LYZ
^P[O ����= HUK +(30 PUW\[Z H[ H ^PKL YHUNL
VM WV^LY V\[W\[Z HYL H]HPSHISL ^P[O [OL
VW[PVU VM ?PJH[V )S\L[VV[O 4LZO MVY ZTHY[
^PYLSLZZ JVU[YVSZ

� ;OL VW[PVUHS ?PJH[V )S\L[VV[O TLZO ^VYRZ
ZLHTSLZZS` ^P[OPU ?PJH[V»Z )S\L[VV[O
JVU[YVSZ Z`Z[LT HUK PZ V]LY�[OL�HPY �6;(�
\WKH[LHISL [V )S\L[VV[O 4LZO Z[HUKHYK

;OL ?-3 SPUL VM SPULHY SPNO[Z PUJS\KLZ WYLTP\T
=P]PK >OP[L� /PNO +LUZP[ �̀ -\SS�5H[\YHS
:WLJ[Y\T� ;\UHISL� +PT�[V�>HYT� 9.)>�
5LVU HUK :WLJPHS[` SPNO[Z� <UPX\L [V ?PJH[V�
[OL ?-3 SPUL HSZV VMMLYZ VW[PVUZ [OH[ JSVZLS`
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TH[JO [OL ?PJH[V JVSVY WVPU[ PU ?;4�?6)
ZLYPLZ VM ZWV[ SPNO[Z [V THRL H WLYMLJ[ SPNO[PUN
JVTWSLTLU[� ;OL TH[JOLK JVSVY WVPU[ ZVS]LZ
H RL` JOHSSLUNL MVY SPNO[PUN KLZPNULYZ HUK
ZWLJPÄLYZ ^OLU [OL QVI YLX\PYLZ H TP_ VM ZWV[
HUK SPULHY SPNO[Z [V JYLH[L H ZLHTSLZZ SPNO[PUN
L_WLYPLUJL� ;OPZ UL^ HIPSP[` ^P[O ?PJH[V ZWV[
HUK SPULHY ZV\YJLZ� LUHISLZ [OL SPNO[PUN
KLZPNULY [OL MYLLKVT [V M\SÄSS [OL HYJOP[LJ[\YL
KLZPNU [HYNL[Z� HSS ^P[O ILH\[PM\S ^OP[LZ HUK
]PIYHU[ JVSVY YLUKLYPUN MVY ^OPJO ?PJH[V SPNO[Z
HYL MHTV\Z�

¹?PJH[V»Z OVSPZ[PJ
HWWYVHJO ^P[O ZTHY[
SPULHY SPNO[Z WVZP[PVUZ [OL
?-3 SPUL HIV]L HU` V[OLY
VMMLYPUN PU [OL THYRL[�
LUHISPUN [OL KLZPNULYZ
[V JYLH[L ZVWOPZ[PJH[LK
SPNO[PUN ZJLUHYPVZ UV
TH[[LY ^OH[ RPUK VM SPNO[
ZV\YJL [OL QVI JHSSZ MVY¹�
(409 A6<-656<5� ?0*(;6»: *,6

¹>OLU ZLLRPUN MVY H [Y\Z[LK ZV\YJL MVY OPNO
X\HSP[` 3,+ SPNO[PUN ZVS\[PVUZ� ?PJH[V
PTTLKPH[LS` JVTLZ [V TPUK� LZWLJPHSS` PU
[VKH`»Z THYRL[ ^OLYL X\HSP[` HUK YLSPHIPSP[` HYL
VM[LU JVTWYVTPZLK�¹ ZHPK :[LWOHU )SHZZ�
)\ZJOMLSK *,6� ¹?PJH[V OHZ ILLU H[ [OL
MVYLMYVU[ VM 3,+ SPNO[PUN PUUV]H[PVU MVY V]LY H
KLJHKL� 0[ PZ LUJV\YHNPUN [V ZLL [OH[ [OL`
OH]L IYV\NO[ [OPZ L_WLY[PZL [V [OL ÅL_PISL
SPULHY ZLNTLU[ ^P[O H JVTWYLOLUZP]L SPUL VM
OPNO�X\HSP[` UL_[ NLULYH[PVU 3,+ SPNO[Z ^P[O
VW[PVUZ [OH[ TH[JO [OL ?PJH[V JVSVY WVPU[�¹

;OL ZTHY[ LUHISLK SPULHY SPNO[Z HYL WHY[ VM
?PJH[V»Z LUK�[V�LUK ZVS\[PVUZ ^P[O H OVZ[ VM
HWWYV]LK �YK WHY[` (* KYP]LY VW[PVUZ [OH[
LSPTPUH[L [OL ULLK MVY HKKP[PVUHS JVU[YVSZ
^PYPUN HUK Z\WWVY[ ?PJH[V )S\L[VV[O 4LZO
JVU[YVSZ� ;OPZ ^PYLSLZZ VW[PVU LUHISLZ [OL
ZTHY[ ?-3 SPUL [V OH]L JVTWSL[L Z\WWVY[ VM
?PJH[V *VU[YVSZ 7HULS ZVM[^HYL� ZLUZVYZ�
Z^P[JOLZ HUK NH[L^H �̀ HSS IHJRLK I` ?PJH[V
ZLY]PJLZ� +LZPNULYZ JHU JVUÄN\YL
ZVWOPZ[PJH[LK ZJLULZ ^P[O [OV\ZHUKZ VM UVKLZ
HSVUNZPKL HU` JVTIPUH[PVU VM SPULHY HUK ZWV[

SPNO[Z ^OPSL HJOPL]PUN LULYN` LMÄJPLUJ` [HYNL[Z
ZL[ I` [OLPY LUK J\Z[VTLY�

¹;OL HKKP[PVU VM ?-3 WVY[MVSPV [V V\Y L_[LUZP]L
MHTPS` VM ZTHY[ JVU[YVSZ� ZWV[ SPNO[Z HUK ZTHY[
KYP]LYZ HSSV^Z ?PJH[V [V WYV]PKL H OPNO X\HSP[`
VUL�Z[VW�ZOVW MVY J\Z[VTLYZ HUK WHY[ULYZ
^OV HYL PU]VS]LK H[ [OL I\PSKPUN WYVQLJ[ SL]LS
HUK ULLK [V Z[YLHTSPUL [OLPY WYVK\J[ ZLSLJ[PVU
HUK WYVJ\YLTLU[ WYVJLZZLZ¹� ZHPK 4Y�
AV\MVUV\U�

(SS [OL UL^ ?-3 SPULHY ZV\YJLZ HYL WHY[ VM
?PJH[V 6UIVHYK� H ZLYPLZ VM LTILKKHISL
WYVK\J[Z I` ^OPJO HU` �YK WHY[` S\TPUHPYL VY
KL]PJL JHU IL \WNYHKLK [V IL ^PYLSLZZS`
JVU[YVSSLK HUK TVUP[VYLK ]PH )S\L[VV[O TLZO
HUK VWLYH[L ZLHTSLZZS` ^P[O ?PJH[V»Z H^HYK
^PUUPUN *VU[YVSZ 7SH[MVYT� "
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0UJYLHZPUN TPUPH[\YPaH[PVU HUK WVW\SHY ÅH[ 3,+
SPNO[Z YLX\PYL \UP]LYZHS JVUULJ[PVU VW[PVUZ�
>(.6»Z UL^ SPNO[PUN JVUULJ[PVU IV_ VMMLYZ
[OL ILZ[ ZVS\[PVU ILJH\ZL P[ PZ OV\ZLK V\[ZPKL
[OL SPNO[� ;OPZ NP]LZ SPNO[PUN THU\MHJ[\YLYZ
TVYL KLZPNU MYLLKVT� (KKP[PVUHSS �̀ UV KPY[ HUK
K\Z[ JHU NL[ PU[V [OL SPNO[ K\YPUN PUZ[HSSH[PVU
ILJH\ZL P[ UV SVUNLY OHZ [V IL VWLULK MVY [OL
JVUULJ[PVU�

>(.6»: UL^ SPNO[PUN JVUULJ[PVU IV_! (
JVUULJ[PVU ZVS\[PVU MVY HSS PUZ[HSSH[PVU
[`WLZ

;OL UL^ SPNO[PUN JVUULJ[PVU IV_ OHZ HTWSL
PUZ[HSSH[PVU ZWHJL HUK PZ Z\P[HISL MVY H SHYNL
YHUNL VM JVUK\J[VY JYVZZ�ZLJ[PVUZ \W [V �_���
TT�� 9LNHYKSLZZ VM OV^ [OL WYVQLJ[ PZ
PUZ[HSSLK� SPNO[Z ^P[O [OL >(.6 3PNO[PUN
*VUULJ[PVU )V_ Ä[ PU[V L]LY` JVUJLW[ ¶ P[
KVLZU»[ TH[[LY PM `V\ JOVVZL H WS\NNHISL
I\PSKPUN PUZ[HSSH[PVU� Z\JO HZ [OL >(.6
7S\NNHISL *VUULJ[PVU :`Z[LT >05:;(� VY H
JVU]LU[PVUHS PUZ[HSSH[PVU [`WL�

;OL PU[LNYH[LK 3PULJ[� 0U[LYMHJL HSZV
JVU[YPI\[LZ [V [OPZ� H JVUULJ[VY ^P[O H
JVU]LU[PVUHS JVUK\J[VY JVUULJ[PVU PZ HSZV
H]HPSHISL PU HKKP[PVU [V [OL WS\NNHISL ]LYZPVU�

-VY HKKP[PVUHS PUMVYTH[PVU� WSLHZL ]PZP[
^^ �̂^HNV�JVT�NSVIHS�LSLJ[YPJHS�
PU[LYJVUULJ[PVUZ�KPZJV]LY�WS\NNHISL�
JVUULJ[VYZ�^PUZ[H

(IV\[ >(.6!
;OL >(.6 .YV\W PZ HU PU[LYUH[PVUHS�
Z[HUKHYK�ZL[[PUN Z\WWSPLY VM LSLJ[YPJHS
PU[LYJVUULJ[PVU� H\[VTH[PVU HUK LSLJ[YVUPJ
PU[LYMHJL WYVK\J[Z HUK ZVS\[PVUZ� ;OPZ
MHTPS`�Y\U JVTWHU` PZ [OL ^VYSK THYRL[ SLHKLY
PU ZWYPUN WYLZZ\YL JVUULJ[PVU [LJOUVSVN �̀
>OL[OLY PU PUK\Z[YPHS� YHPS^H �̀ VY LULYN`
[LJOUVSVNPLZ� PU [OL THYPUL HUK VMMZOVYL
ZLJ[VYZ� VY PU I\PSKPUN HUK SPNO[PUN
THUHNLTLU[� >(.6 WYVK\J[Z HUK ZVS\[PVUZ
WYV]PKL ZHML[` HUK LMÄJPLUJ �̀ >(.6 OHZ
NYV^U Z[LHKPS` ZPUJL P[ ^HZ MV\UKLK PU � ���
^P[O H J\YYLU[ ^VYSK^PKL ^VYRMVYJL VM TVYL
[OHU ����� ¶ HWWYV_PTH[LS` �� �� VM ^OVT
^VYR PU .LYTHU` H[ P[Z OLHKX\HY[LYZ PU
4PUKLU �5VY[O 9OPUL�>LZ[WOHSPH� HUK PU
:VUKLYZOH\ZLU �;O\YPUNPH�� ;OL JVTWHU`
HJOPL]LK ZHSLZ VM ,<9  �� TPSSPVU PU �����
;OL >(.6 .YV\W JVUZPZ[Z VM UPUL
PU[LYUH[PVUHS WYVK\J[PVU MHJPSP[PLZ HUK WYPTHY`
ZHSLZ SVJH[PVUZ� �� HKKP[PVUHS ZHSLZ VMÄJLZ�
HUK [OL ZVM[^HYL ZWLJPHSPZ[ 44 :VM[^HYL� 0U
HKKP[PVU� P[ OHZ YLWYLZLU[H[P]LZ PU V]LY ��
JV\U[YPLZ� NP]PUN [OL JVTWHU` H Z[YVUN NSVIHS
WYLZLUJL� >(.6 OHZ ILLU PU [OL
THU\MHJ[\YPUN I\ZPULZZ ZPUJL � ��! PUP[PHSS` H[
[OL JVTWHU` OLHKX\HY[LYZ PU 4PUKLU �5VY[O
9OPUL�>LZ[WOHSPH� .LYTHU`�� L_WHUKPUN PU
� �� [V 9VPZZ` �-YHUJL�� PU � �� [V +VTKPKPLY
�:^P[aLYSHUK�� PU � � [V 4PS^H\RLL �<:(� HUK
PU �  � [V :VUKLYZOH\ZLU �;O\YPUNPH�
.LYTHU`� HUK ;VR`V �1HWHU�� 6[OLY
WYVK\J[PVU ZP[LZ PUJS\KL +LSOP �0UKPH� MV\UKLK
PU �  �� HUK [OL �  � L_WHUZPVUZ PU[V ;PHUQPU
�*OPUH� HUK >YVJéH^ �7VSHUK�� �
^^ �̂^HNV�JVT�NSVIHS� "

Cree® XLamp® XP-G3 S Line: The Best – Now Brighter

The XLamp XP-G3 S Line LEDs offer better system level reliability through switching 
and dimming cycles, improved resistance to sulfur exposure and higher efficacy over 
the standard XP-G3 LEDs. The S Line delivers high power LED technology optimized 
for robust lighting applications utilizing sensors and the internet-of-things (IOT). Now 
available in S6 Flux Bin and up to 214 lm/W (350 mA, 25°C).

www.cree.com/led-components/products/xlamp-leds-discrete/xlamp-xp-g3

https://bit.ly/2WIVcm4
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;OL );:����,- I` .PNHOLY[a�6W[PR .TI/� H
^LSS�RUV^U TLHZ\YPUN KL]PJL THU\MHJ[\YLY�
OHZ HSYLHK` ILLU \W [V [OH[ JOHSSLUNL MVY
THU` `LHYZ� 0[ VMMLYZ H ^PKL ZLSLJ[PVU VM
TLHZ\YPUN X\HU[P[PLZ YLSL]HU[ PU NLULYHS
SPNO[PUN HUK OLUJL HJ[Z HZ \UP]LYZHS TLHZ\YPUN
KL]PJL PU P[Z ÄLSK� 5V �̂ [OL KL]PJL OHZ ILLU
\WKH[LK [V YLJVYK HUK HUHS`aL L]LU OPNOLY
ÅPJRLY MYLX\LUJPLZ [OHU ILMVYL! 0[ Z\WWVY[Z
ZPNUHS ZHTWSPUN ^P[O \W [V �� R/a� ;OL

);:����,- ¶ ;OL ÅPJRLY TL[LY UV^
Z\WWVY[Z TLHZ\YLTLU[Z ^P[O \W [V ��
R/a

SPNO[PUN PUK\Z[Y` YLX\PYLZ ]LY` ]LYZH[PSL HUK
YLSPHISL TLHZ\YLTLU[ KL]PJLZ ^OLU ZWLJ[YHS
SPNO[ HUK ÅPJRLY TL[LYZ HYL JVUJLYULK� ;OL
ÄLSK VM TLHZ\YLTLU[ HWWSPJH[PVUZ HUK
X\HU[P[PLZ PZ ]LY` IYVHK! )LZPKLZ PSS\TPUHUJL
HUK ZWLJ[Y\T� [OLYL HYL THU` HKKP[PVUHS�
TVYL ZWLJPHSPaLK WYVWLY[PLZ VM SPNO[ ZV\YJLZ
[OH[ ULLK [V IL TLHZ\YLK SPRL [OLPY
WLYMVYTHUJL PU JVU[L_[ ^P[O O\THU JLU[YPJ
SPNO[PUN �/*3�� [OLPY ÅPJRLY WYVWLY[PLZ� [OLPY
LMÄJPLUJ` PU WSHU[ NYV^[O HUK THU` TVYL� 0U
HSS VM [OVZL HWWSPJH[PVUZ� P[ PZ JY\JPHS [OH[ [OL
TL[LY ULLKZ [V IL YLSPHISL HUK WYLJPZL�

;OL LUOHUJLTLU[ VM [OL );:����,- [V
Z\WWVY[ ZPNUHS ZHTWSPUN ^P[O \W [V �� R/a
KVLZ UV[ VUS` HWWS` [V IYHUK�UL^ KL]PJLZ! )`
HWWS`PUN [OL SH[LZ[ ÄYT^HYL HUK ZVM[^HYL
\WKH[LZ� [OPZ UL^ MLH[\YL HSZV ILJVTLZ
H]HPSHISL MVY KL]PJLZ [OH[ OH]L ILLU V\[ PU [OL
ÄLSK MVY THU` `LHYZ� <WKH[LZ HYL VMMLYLK VU
YLX\LZ[�

-VY HKKP[PVUHS PUMVYTH[PVU� WSLHZL ]PZP[
^^ �̂NPNHOLY[a�VW[PR�KL�LU�
\Z�WYVK\J[�);:����,-

(IV\[ .PNHOLY[a�6W[PR!
.PNHOLY[a�6W[PR .TI/ ^HZ MV\UKLK PU � ��
HZ HU PUKLWLUKLU[ JVTWHU` I` +PWS��0UN� �-/�
(U[VU .\NN�/LSTPUNLY HUK >VSMNHUN +pOU�
;OL JVU[PU\V\Z KL]LSVWTLU[ VM P[Z WYVK\J[
YHUNL OHZ YLZ\S[LK PU H JVTWYLOLUZP]L

ZLSLJ[PVU VM SPNO[ TLHZ\YLTLU[ KL]PJLZ� ÄULS`
[\ULK HJJLZZVY` WYVK\J[Z� HUK ZLY]PJLZ� >P[O
P[Z <: Z\IZPKPHY �̀ .PNHOLY[a�6W[PR 0UJ��
.PNHOLY[a�6W[PR .TI/ PZ H NSVIHS
THU\MHJ[\YLY VM TL[YVSVNPJHS ZVS\[PVUZ MVY
VW[PJHS YHKPH[PVU� :PUJL 1HU\HY` �� �����
.PNHOLY[a�6W[PR =LY[YPLIZNLZLSSZJOHM[ M�Y
;LJOUPZJOL 6W[PR TI/ PZ WHY[ VM [OL )LYNOVM
.YV\W .TI/� �
^^ �̂NPNHOLY[a�VW[PR�KL�LU�\Z� "
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;OL ;(38 *VUZVY[P\T� ^OPJO OHZ KL]LSVWLK H
NSVIHS PU[LYMHJL Z[HUKHYK MVY THUHNPUN Z[YLL[
SPNO[PUN UL[^VYRZ HUK V[OLY ZTHY[ JP[`
HWWSPJH[PVUZ� OHZ YLSLHZLK HUK HWWYV]LK H
UL^ ]LYZPVU VM [OL ;(38 :WLJPÄJH[PVU� �����"
HU \WKH[LK ]LYZPVU VM [OL *LY[PÄJH[PVU ;LZ[
;VVS ^HZ HSZV YLSLHZLK� (SS [OL JOHUNLZ HUK
HKKLK MLH[\YLZ HYL IHJR^HYK JVTWH[PISL ^P[O
[OL MVYTLY ����� YLSLHZL� N\HYHU[LLPUN YLSPHISL
PU[LYVWLYHIPSP[` VM HSS JLY[PÄLK ;(38�JVTWSPHU[
WYVK\J[Z JLY[PÄLK HNHPUZ[ HU` ;(38 � ]LYZPVU�
;OL YHUNL VM ZTHY[ JP[` HWWSPJH[PVUZ PU ^OPJO

:JYLLUZOV[ ;(38 JLY[PÄJH[PVU [LZ[ [VVS
=����� �JYLKP[Z! ;(38 *VUZVY[P\T�

SVJHS H\[OVYP[PLZ HYL PU]LZ[PUN PZ ^PKL� ;OL
ZVS\[PVUZ PUJS\KL V\[KVVY SPNO[PUN HZ ^LSS HZ
^HZ[L� WHYRPUN HUK [YHMÄJ THUHNLTLU[�
,�4VIPSP[ �̀ LU]PYVUTLU[HS ZLUZVYZ HUK ]HYPV\Z
V[OLY W\ISPJ ZLY]PJLZ� *\YYLU[S �̀ LPNO[LLU
WYVK\J[Z VM [LU KPMMLYLU[ THU\MHJ[\YLYZ OH]L
ILLU JLY[PÄLK HZ ;(38�JVTWSPHU[� (SS VM [OLT
[HYNL[ LHZPUN PU]LZ[TLU[ KLJPZPVUZ VM JP[PLZ I`
LUHISPUN PU[LYVWLYHIPSP[ �̀ ^OPJO PU [\YU MVZ[LYZ
JVTWL[P[PVU HUK HSSV^Z W\YJOHZLYZ VM Ä_LK
PUZ[HSSH[PVUZ [V PU]LZ[ PU VWLU Z`Z[LTZ [V
N\HYHU[LL M\[\YL�WYVVM ZVS\[PVUZ�

;V RLLW [OL ZVM[^HYL WYV[VJVS \W�[V�KH[L� [OL
;LJOUPJHS >VYR .YV\W HUK [OL 9LX\PYLTLU[Z
>VYR .YV\W ^P[OPU [OL JVUZVY[P\T
JVU[PU\V\ZS` YL]PL^ HUK L_WHUK [OL M\UJ[PVUZ

Z\WWVY[LK I` [OL WYV[VJVS� 4LTILY
JVTWHUPLZ JHU Z\NNLZ[ HUK YLX\LZ[
HKKP[PVUHS MLH[\YLZ [V IL PUJS\KLK PU [OL
WYV[VJVS [V YLÅLJ[ [OL M\UJ[PVUHSP[` VMMLYLK I`
[OLPY V^U Z`Z[LTZ� =LYZPVU ������ HWWYV]LK I`
;(38 :[LLYPUN *VTTP[[LL� LTIYHJLZ H
I\UKSL VM UL^ MLH[\YLZ�

5V]LS� PU[LNYH[LK ZTHY[ JP[` MLH[\YLZ!
6M [OL U\TLYV\Z UL^ MLH[\YLZ [OH[ OH]L ILLU
HKKLK [V [OL :WLJPÄJH[PVU� [OL M\UJ[PVUZ
YLSH[LK [V ZTHY[ JP[PLZ HWWSPJH[PVUZ HYL VM
WHY[PJ\SHY PU[LYLZ[� :VTL VM [OLT� MVY L_HTWSL�
WYV]PKL Z[H[PZ[PJZ VU [OL U\TILY VM ]LOPJSLZ
WHZZPUN VU H YVHK� KL[LJ[ JOHUNLZ PU HZZL[
SVJH[PVU VY PKLU[PM` HUK YLJVYK HZZL[
VYPLU[H[PVU JOHUNLZ� :VTL V[OLYZ HYL TVYL
YLSH[LK [V TL[LYPUN� L�N� ÄSSPUN SL]LSZ VM
JVU[HPULYZ VY Å\PK SL]LSZ PU N\SSPLZ� SHRLZ�
[HURZ� VY ^OLYL]LY� @L[ M\Y[OLY M\UJ[PVUZ HYL
YLSH[LK [V LULYN` HUK IH[[LY` SL]LSZ!
TVUP[VYPUN JOHYNPUN HUK KPZJOHYNPUN" VY
THUHNPUN ZVSHY WHULSZ Z\JO HZ [OVZL \ZLK MVY
W\ISPJ [YHUZP[ PUMVYTH[PVU� [YHMÄJ JVU[YVS� W\ISPJ
ZLJ\YP[` �**;=� HUK THU` V[OLYZ� (SS VM [OLZL
HKKP[PVUHS MLH[\YLZ HYL IHJR^HYK JVTWH[PISL
^P[O [OL WYL]PV\Z ����� YLSLHZL�

¹;OL PU[LNYH[PVU VM ZTHY[
JP[` HWWSPJH[PVUZ PU H
MVYTLY W\YL SPNO[PUN
Z[HUKHYK OHZ ILJVTL
YLHSP[` HUK ZOV^Z [OL
ZPNUPÄJHUJL VM [OL ;(38
WYV[VJVS HZ H
M\[\YL�WYVVM NSVIHS
Z[HUKHYK�¹
16:i :(5*/0:� */(094(5 6- ;/,
*,9;0-0*(;065 >692 .96<7

¹)\[ V[OLY PU[LYLZ[PUN JHWHIPSP[PLZ OH]L HSZV
ILLU HKKLK [V [OL *LY[PÄJH[PVU ;VVS� MVY
L_HTWSL� Z\WWVY[PUN T\S[PWSL WYVÄSLZ PU VUL
JLY[PÄLK WYVK\J[ HUK H UL^ JVTTHUK SPUL
]LYZPVU VM [OL [VVS� ^OPJO LHZLZ P[Z PU[LNYH[PVU
PU[V H *0�*+ ZVM[^HYL KL]LSVWTLU[ Z`Z[LT¹
L_WSHPUZ 1VZt :HUJOPZ�

=LYZPVU ����� PZ UV^ [OL UL^ VMÄJPHS ;(38
]LYZPVU� � -VY TVYL PUMVYTH[PVU ]PZP[
^^ �̂[HSX�JVUZVY[P\T�VYN

(IV\[ [OL ;(38 *VUZVY[P\T!
-V\UKLK PU ����� [OL ;(38 *VUZVY[P\T PZ
LZ[HISPZOPUN H NSVIHSS` HJJLW[LK Z[HUKHYK MVY
THUHNLTLU[ ZVM[^HYL PU[LYMHJLZ [V JVU[YVS
HUK TVUP[VY OL[LYVNLULV\Z ZTHY[ JP[`
HWWSPJH[PVUZ� ;OL ;(38 :THY[ *P[` 7YV[VJVS PZ
H ZWLJPÄJH[PVU MVY PUMVYTH[PVU L_JOHUNL�
Z\P[HISL MVY PTWSLTLU[H[PVU PU ]HYPV\Z WYVK\J[Z
HUK Z`Z[LTZ� ;OPZ ^H` PU[LYVWLYHIPSP[`
IL[^LLU *LU[YHS 4HUHNLTLU[ :VM[^HYL
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�*4:� HUK 6\[KVVY +L]PJL 5L[^VYRZ �6+5�
MYVT KPMMLYLU[ ]LUKVYZ ^PSS IL LUHISLK� Z\JO
[OH[ H ZPUNSL *4: JHU JVU[YVS KPMMLYLU[ 6+5Z
PU KPMMLYLU[ WHY[Z VM H JP[` VY YLNPVU� ;(38 PZ HU
VWLU PUK\Z[Y` JVUZVY[P\T J\YYLU[S` JVUZPZ[PUN
VM TVYL [OHU �� TLTILY JVTWHUPLZ� "

4HREAD 'ROUP AND $II!
#OLLABORATE TO 3HAPE THE
&UTURE OF )O4 ,IGHTING FOR
#OMMERCIAL "UILDINGS

;OL ;OYLHK .YV\W� HU HSSPHUJL HKKYLZZPUN
JVU]LYNLUJL� ZLJ\YP[ �̀ WV^LY� HUK
HYJOP[LJ[\YL JOHSSLUNLZ H[ [OL UL[^VYR SH`LY�
HUK [OL +PP(� [OL NSVIHS +(30 HSSPHUJL VM
JVTWHUPLZ MYVT [OL SPNO[PUN HUK ZLUZVY
PUK\Z[YPLZ� OH]L HUUV\UJLK H SPHPZVU
HNYLLTLU[ ^P[O [OL ZOHYLK PU[LU[PVU VM
HJJLSLYH[PUN 0V; HKVW[PVU PU JVTTLYJPHS
I\PSKPUNZ� ;OL VYNHUPaH[PVUZ ^PSS JVSSHIVYH[L [V

;OL [^V HSSPHUJLZ ^PSS JV�KL]LSVW ^PYLSLZZ
07�IHZLK +(30 SPNO[PUN JVU[YVS HUK H
JLY[PÄJH[PVU WYVNYHT MVY SPNO[PUN HUK
ZLUZVY UL[^VYRZ PU ZTHY[ JVTTLYJPHS
I\PSKPUNZ

PTWSLTLU[ [OL +(30 SPNO[PUN�JVU[YVS
HWWSPJH[PVU VU [VW VM ;OYLHK»Z SV^�WV^LY�
ZLJ\YL HUK ZLSM�OLHSPUN ^PYLSLZZ TLZO
UL[^VYR� ;OL NVHS PZ [V VMMLY H JLY[PÄJH[PVU
WYVNYHT [V LUZ\YL PU[LYVWLYHIPSP[` HUK LUHISL
0V; KL]LSVWLYZ [V TVYL X\PJRS` IYPUN [OLPY
SPNO[PUN HUK ZLUZVY WYVK\J[Z [V THYRL[�

¹>OLU M\SS` YLHSPaLK� 0V; [LJOUVSVN` ^PSS IYPUN
\UWYLJLKLU[LK LMÄJPLUJ �̀ JVZ[�ZH]PUNZ HUK
M\UJ[PVUHSP[` [V JVTTLYJPHS I\PSKPUNZ�¹ ZHPK
:\QH[H 5LPKPN� ]PJL WYLZPKLU[ VM THYRL[PUN�
;OYLHK .YV\W� ¹;OPZ SPHPZVU HNYLLTLU[
M\Y[OLYZ ;OYLHK»Z JVTTP[TLU[ [V [OL
JVU]LYNLUJL VM 0V; ^P[O 07 HZ [OL MV\UKH[PVU
HUK [OL L_WHUZPVU VM ZTHY[ ZVS\[PVUZ IV[O PU
[OL OVTL HUK ^OLYL ^L ^VYR�¹

¹9\UUPUN [OL +(30 HWWSPJH[PVU SH`LY VU [VW VM
;OYLHK»Z ^PYLSLZZ UL[^VYR ZVS\[PVU ^PSS
ILJVTL H JVYL VMMLYPUN MVY +PP( HUK ^PSS
HJJLSLYH[L [OL PU[LNYH[PVU VM [OLZL
[LJOUVSVNPLZ PU[V [OL JVTTLYJPHS ZWHJL�¹ ZHPK
7H\S +YVZPOU� +PP( .LULYHS 4HUHNLY� ¹>L»YL
L_JP[LK [OH[ ;OYLHK PZ [OL ÄYZ[ 07�IHZLK JHYYPLY
MVY ^OPJO +PP( WSHUZ [V VMMLY JLY[PÄJH[PVU�¹

;OYLHK PZ H SV^�WV^LY ^PYLSLZZ TLZO
UL[^VYRPUN WYV[VJVS� IHZLK VU [OL \UP]LYZHSS`

Z\WWVY[LK 0U[LYUL[ 7YV[VJVS �07� HUK I\PS[ \ZPUN
VWLU HUK WYV]LU Z[HUKHYKZ� [OH[ PZ
HJJLSLYH[PUN 0V; HKVW[PVU�

+PP( PKLU[PÄLK [OH[ ;OYLHK JHU ZLY]L HZ H
^PYLSLZZ UL[^VYR [YHUZWVY[ MVY P[Z
^LSS�LZ[HISPZOLK +(30 HWWSPJH[PVU�SH`LY
WYV[VJVS� 3PRL^PZL� ;OYLHK PKLU[PÄLK +(30 HZ H
Z\P[HISL HWWSPJH[PVU SH`LY MVY ;OYLHK PU SPNO[PUN
HUK NLULYHS JVTTLYJPHS I\PSKPUN HWWSPJH[PVUZ
PUJS\KPUN ZLUZVY UL[^VYRZ� ;VNL[OLY� +PP( HUK
;OYLHK ^PSS PTWSLTLU[ WYV[VJVSZ MVY
JVTTPZZPVUPUN HUK VWLYH[PUN KL]PJLZ PU
SPNO[PUN HUK I\PSKPUN UL[^VYRZ� ;OLZL ^PSS
PUJS\KL JYLKLU[PHS KLSP]LY �̀ ZLY]PJL KPZJV]LY`
HUK UL[^VYR THUHNLTLU[�

+PP( PU[LUKZ [V THRL HU 07�IHZLK ]LYZPVU VM P[Z
+(30 HWWSPJH[PVU SH`LY H]HPSHISL� ;OL
M\UKHTLU[HS ZWLJPÄJH[PVUZ HYL W\ISPZOLK HZ
7HY[ ��� VM [OL 0,* ����� Z[HUKHYK� ^OPJO
ZWLJPÄLZ [OL \ZL VM 0U[LYUL[ 7YV[VJVS �07� HUK
<ZLY +H[HNYHT 7YV[VJVS �<+7� MVY 0,* �����
HWWSPJH[PVU�SH`LY [YHUZWVY[� ;V LUHISL
PU[LYVWLYHIPSP[` HUK JLY[PÄJH[PVU MVY KL]LSVWLYZ�
+PP( WSHUZ [V HKK M\Y[OLY JY\JPHS KL[HPSZ [V [OPZ
W\ISPZOLK Z[HUKHYK� �

(IV\[ ;OYLHK .YV\W!
-VYTLK PU ����� [OL UVU�WYVÄ[ ;OYLHK .YV\W
PZ MVJ\ZLK VU THRPUN ;OYLHK [OL MV\UKH[PVU
MVY [OL PU[LYUL[ VM [OPUNZ PU OVTLZ HUK
JVTTLYJPHS I\PSKPUNZ� )\PS[ VU VWLU
Z[HUKHYKZ� ;OYLHK PZ H SV^ WV^LY ^PYLSLZZ
UL[^VYRPUN WYV[VJVS [OH[ LUHISLZ KPYLJ[�
LUK�[V�LUK� ZLJ\YL HUK ZJHSHISL JVUULJ[P]P[`
IL[^LLU 0V; KL]PJLZ� TVIPSL KL]PJLZ� HUK [OL
PU[LYUL[� (UK� ILJH\ZL ;OYLHK PZ 07�IHZLK� P[
ZLHTSLZZS` PU[LNYH[LZ ^P[O THU`
LU]PYVUTLU[Z� HWWZ� KL]PJLZ HUK JSV\KZ� ;OL
;OYLHK .YV\W WYV]PKLZ H YPNVYV\Z JLY[PÄJH[PVU
WYVNYHT [V LUZ\YL KL]PJL PU[LYVWLYHIPSP[` HUK
H WVZP[P]L \ZLY L_WLYPLUJL� ;OYLHK PZ IHJRLK
I` PUK\Z[Y`�SLHKPUN JVTWHUPLZ PUJS\KPUN
(WWSL� (YT� .VVNSL�5LZ[� 3\[YVU� 5VYKPJ
:LTPJVUK\J[VYZ� 5?7 :LTPJVUK\J[VYZ�
6:9(4� 8\HSJVTT� :PLTLUZ� :PSPJVU 3HIZ�
:VTM` HUK @HSL :LJ\YP[ �̀�
^^ �̂[OYLHKNYV\W�VYN�

(IV\[ +PP(!
;OL +PNP[HS 0SS\TPUH[PVU 0U[LYMHJL (SSPHUJL �+PP(�
PZ HU VWLU� NSVIHS JVUZVY[P\T VM SPNO[PUN
JVTWHUPLZ [OH[ HPTZ [V NYV^ [OL THYRL[ MVY
SPNO[PUN�JVU[YVS ZVS\[PVUZ IHZLK VU +PNP[HS
(KKYLZZHISL 3PNO[PUN 0U[LYMHJL �+(30�
[LJOUVSVN �̀ +PP( PZ KYP]PUN [OL HKVW[PVU VM
+(30��� [OL SH[LZ[ ]LYZPVU VM [OL PU[LYUH[PVUHSS`
Z[HUKHYKPaLK +(30 WYV[VJVS� +(30�� PUJS\KLZ
TVYL WYVK\J[ [`WLZ� TVYL MLH[\YLZ� JSLHYLY
ZWLJPÄJH[PVUZ� PUJYLHZLK [LZ[PUN� HUK WYVK\J[
JLY[PÄJH[PVU� ;OL +(30�� JLY[PÄJH[PVU HUK
[YHKLTHYR WYVNYHT� VWLYH[LK I` +PP(� I\PSKZ
JVUÄKLUJL PU JYVZZ�]LUKVY WYVK\J[
PU[LYVWLYHIPSP[ �̀ +PP( KL]LSVWZ [LZ[
ZWLJPÄJH[PVUZ MVY +(30�� WYVK\J[ JVTWSPHUJL
[LZ[PUN� HUK HSZV JYLH[LZ UL^ ZWLJPÄJH[PVUZ
MVY HKKP[PVUHS +(30�� MLH[\YLZ HUK M\UJ[PVUZ�
;OL +�P JLY[PÄJH[PVU WYVNYHT MYVT +PP( IYPUNZ

Z[HUKHYKPaH[PVU [V PU[YH�S\TPUHPYL +(30� �
^^ �̂KPNP[HSPSS\TPUH[PVUPU[LYMHJL�VYN "

:HAGA 0UBLISHES "OOK ���
3MART )NTERFACE "ETWEEN
)NDOOR ,UMINAIRES AND
3ENSING�#OMMUNICATION
-ODULES

AOHNH )VVR �� KLÄULZ H ZTHY[ PU[LYMHJL
IL[^LLU HU PUKVVY 3,+ S\TPUHPYL HUK H
ZLUZPUN�JVTT\UPJH[PVU TVK\SL� ;OL TVK\SL
JVUULJ[Z [V [OL 3,+ KYP]LY� HUK [`WPJHSS`
WYV]PKLZ ZLUZVY` PUW\[Z VY LUHISLZ
JVTT\UPJH[PVU IL[^LLU UL[^VYR
JVTWVULU[Z� AOHNH TLTILY JVTWHUPLZ JHU
UV^ HJJLZZ [OL ZWLJPÄJH[PVU HUK JLY[PM`
S\TPUHPYLZ HJJVYKPUN [V [OL AOHNH�+�P
JLY[PÄJH[PVU WYVNYHT� +LRYH HUK 0U[LY[LR HYL
[OL HJJYLKP[LK [LZ[ JLU[LYZ�

)VVR �� IYPUNZ [VNL[OLY JVTWSLTLU[HY`
ZWLJPÄJH[PVUZ MYVT [OL AOHNH *VUZVY[P\T HUK
[OL +�P ZWLJPÄJH[PVUZ MYVT [OL +PNP[HS
0SS\TPUH[PVU 0U[LYMHJL (SSPHUJL �+PP(��

AOHNH )VVR �� LHZLZ PU]LZ[ KLJPZPVUZ MVY
LUK�\ZLYZ� HZ S\TPUHPYLZ JHU IL HKHW[LK

http://www.led3d.com/eng/
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^OLU ULLKLK ^P[O TVK\SLZ MVY KPMMLYLU[
M\UJ[PVUZ� SPRL HPY X\HSP[` ZLUZPUN� WYLZLUJL
KL[LJ[PVU VY SPNO[ SL]LSZ JVU[YVSSPUN� ;OL
ZWLJPÄJH[PVU WYV]PKLZ ILULÄ[Z [V S\TPUHPYL
THRLYZ� ^OLU JLY[PÄLK TVK\SLZ MYVT T\S[PWSL
Z\WWSPLYZ WYV]PKPUN H ^PKL YHUNL VM KPMMLYLU[
M\UJ[PVUZ HYL H]HPSHISL HUK P[ OLSWZ PUZ[HSSLYZ�
HZ H JLY[PÄJH[PVU VU [OL PU[LYVWLYHIPSP[` VM
JVTWVULU[Z L_PZ[Z� ;OL UL^ AOHNH�+�P

)VVR �� IYPUNZ [VNL[OLY JVTWSLTLU[HY`
ZWLJPÄJH[PVUZ MYVT [OL AOHNH
*VUZVY[P\T HUK [OL +�P MYVT +PP(

JLY[PÄJH[PVU PZ H]HPSHISL MVY 3,+ S\TPUHPYLZ HUK
3,+ JVU[YVS NLHY M\SÄSSPUN [OL +�P
YLX\PYLTLU[Z� 3\TPUHPYLZ JHU UV^ IL JLY[PÄLK
I` +LRYH HUK 0U[LY[LR� HZ [OL AOHNH
HJJYLKP[LK [LZ[ JLU[YLZ� AOHNH�+�P
JLY[PÄJH[PVU VM ZLUZVYZ HUK�VY JVTT\UPJH[PVU
TVK\SLZ ^PSS ILJVTL H]HPSHISL SH[LY PU �����

4VYL PUMVYTH[PVU VU [OL AOHNH�+�P
JLY[PÄJH[PVU WYVNYHT PZ H]HPSHISL PU HU HY[PJSL PU
[OL 3,+ 7YVMLZZPVUHS 9L]PL �̂ AOHNH )VVR ��
PZ H]HPSHISL [V AOHNH»Z 9LN\SHY HUK (ZZVJPH[L
TLTILYZ�

-VY TVYL PUMVYTH[PVU� ]PZP[
^^ �̂aOHNHZ[HUKHYK�VYN VY JVU[HJ[ (_LS
)HZJOUHNLS� 4HYRL[PUN *VTT\UPJH[PVUZ�
THYJVT'aOHNHZ[HUKHYK�VYN "

:IGBEE !LLIANCE AND $II!
#OLLABORATE TO 3TANDARDIZE
$!,):IGBEE 'ATEWAYS

;OL APNILL (SSPHUJL� HU VYNHUPaH[PVU VM
O\UKYLKZ VM JVTWHUPLZ JYLH[PUN� THPU[HPUPUN�
HUK KLSP]LYPUN VWLU� NSVIHS Z[HUKHYKZ MVY [OL
0U[LYUL[ VM ;OPUNZ �0V;�� HUK [OL +PNP[HS
0SS\TPUH[PVU 0U[LYMHJL (SSPHUJL �+PP(�� [OL NSVIHS
PUK\Z[Y` VYNHUPaH[PVU MVY +(30 SPNO[PUN JVU[YVS�
HUUV\UJLK [OL` HYL ^VYRPUN [VNL[OLY [V IYPUN
M\Y[OLY Z[HUKHYKPaH[PVU HUK Z`Z[LT
PU[LYVWLYHIPSP[` [V [OL 0V; S\TPUHPYLZ ZWHJL�
;OPZ KL]LSVWTLU[ ^PSS OLSW Z[HRLOVSKLYZ YLHSPaL
[OL ILULÄ[Z VM JVTIPUPUN ^PYLK +(30
SPNO[PUN�JVU[YVS Z`Z[LTZ ^P[O ^PYLSLZZ APNILL
UL[^VYRZ HZ [OL 0V; WYVNYLZZLZ� ;OL [^V
VYNHUPaH[PVUZ HYL JVSSHIVYH[PUN VU [OL
KL]LSVWTLU[ VM H NH[L^H` ZWLJPÄJH[PVU [V
Z\WWVY[ H MVY[OJVTPUN JLY[PÄJH[PVU WYVNYHT�
;OPZ ISLUKPUN VM YLSPHISL� JVZ[�LMMLJ[P]L�
SV^�WV^LY APNILL [LJOUVSVNPLZ ^P[O +(30»Z
WYV]LU KPNP[HS SPNO[PUN JVU[YVS NP]LZ \ZLYZ H

6YNHUPaH[PVUZ [V KL]LSVW H NH[L^H`
ZWLJPÄJH[PVU HUK JLY[PÄJH[PVU WYVNYHT MVY
SPNO[PUN�JVU[YVS UL[^VYRZ [OH[ \[PSPaL +(30
HUK APNILL�IHZLK WYVK\J[Z

ILZ[�PU�JSHZZ JVTIPUH[PVU MVY PU[LSSPNLU[
PSS\TPUH[PVU Z`Z[LTZ�

¹6\Y SPHPZVU HNYLLTLU[
^P[O [OL APNILL (SSPHUJL
PZ WHY[ VM +PP(»Z
JVTTP[TLU[ [V HKKYLZZ
KPMMLYLU[ VW[PVUZ MVY
JVTIPUPUN ^PYLSLZZ
JVTT\UPJH[PVU SPURZ
^P[O +(30 SPNO[PUN
JVU[YVS�¹
7(<3 +96:0/5� +00( .,5,9(3 4(5(.,9

¹+L]LSVWPUN ZWLJPÄJH[PVUZ HUK [LZ[PUN
YLX\PYLTLU[Z MVY NH[L^H`Z IL[^LLU APNILL
LJVZ`Z[LTZ HUK ^PYLK +(30 UL[^VYRZ ^PSS
LUZ\YL PU[LYVWLYHIPSP[` [OH[»Z IHJRLK I`
JLY[PÄJH[PVU�¹ ZHPK 4Y� +YVZPOU�

¹;OL PU[LYZLJ[PVU VM ^PYLK HUK ^PYLSLZZ PZ
^OLYL PUK\Z[Y` JHU ^VYR IL[[LY [VNL[OLY
K\YPUN [OPZ 0V; [YHUZP[PVU [V ILULÄ[ [OVZL
PU]LZ[LK PU IV[O [LJOUVSVN` JHTWZ HZ ^LSS HZ
JVUZ\TLYZ HZ [OL` LTIYHJL JVUULJ[LK
KL]PJLZ�¹ ZHPK ;VIPU 9PJOHYKZVU� 7YLZPKLU[
HUK *,6� APNILL (SSPHUJL� ¹7HPYPUN +PP(»Z
^PYLK JVU[YVS ZVS\[PVUZ ^P[O APNILL ^PYLSLZZ
Z[HUKHYKZ IYPUNZ TVYL JOVPJL [V THYRL[Z [OH[
YLS` VU [OLZL [LJOUVSVNPLZ MVY ]HYPV\Z \ZL
JHZLZ HUK HZ H ZWYPUNIVHYK MVY M\[\YL
PUUV]H[PVU�¹ "

&21752/6

-AKING /FlCE ,IGHTING 3MART
WITH (UB3ENSE FROM /SRAM

6ZYHT WYLZLU[Z [OL /\I:LUZL PU[LSSPNLU[
SPNO[PUN THUHNLTLU[ Z`Z[LT� HU
LHZ`�[V�JVTTPZZPVU HUK ZJHSHISL ZVS\[PVU MVY
YL[YVÄ[[PUN 3,+ VMÄJL SPNO[PUN� /\I:LUZL PZ
IHZLK VU Z[HUKHYKPaLK ¹8\HSPÄLK )S\L[VV[O
4LZO¹ [LJOUVSVN` HUK PZ PKLHS MVY \WNYHKPUN
L_PZ[PUN SPNO[PUN Z`Z[LTZ PU ZTHSS HUK
TLKP\T�ZPaLK I\ZPULZZLZ� ,_PZ[PUN
PUZ[HSSH[PVUZ JHU [OLYLMVYL IL \WKH[LK ^P[OV\[

UL^ JHISPUN HUK ^P[OV\[ [OL \ZL VM H NH[L^H`
VY HU` V[OLY 0; LX\PWTLU[� /\I:LUZL PZ HSZV
Z\P[HISL MVY UL^ PUZ[HSSH[PVUZ PU ZPUNSL VMÄJLZ�
VWLU�WSHU VMÄJLZ� JVYYPKVYZ HUK JVUMLYLUJL
YVVTZ HUK VMMLYZ [OL ÅL_PIPSP[` ULLKLK [V
HKHW[ [OL SPNO[PUN [V JOHUNLZ PU YVVT \ZHNL�

-PYZ[ WYVQLJ[ PU 2VSKPUN� +LUTHYR!
>OLU [OL HNPUN SPNO[PUN Z`Z[LT PU HU VMÄJL
I\PSKPUN PU 2VSKPUN� +LUTHYR UV SVUNLY ^VYRLK
WYVWLYS �̀ [OL V^ULYZ SVVRLK MVY HU LJVUVTPJ
\WNYHKL ZVS\[PVU� ;OLPY SPNO[PUN KLZPNULY
JOVZL /\I:LUZL� >P[O [OL PU[\P[P]L /\I:LUZL
JVTTPZZPVUPUN HWW WYV]PKLK I` 6ZYHT� [OL
YLX\PYLTLU[Z MVY [OL UL^ Z`Z[LT JV\SK IL
WSHUULK HUK JVTTPZZPVULK PU HK]HUJL
VMM�ZP[L� 6U�ZP[L PTWSLTLU[H[PVU VM [OL Z`Z[LT
[VVR VUS` VUL KH` HUK KPK UV[ HMMLJ[ VUNVPUN
VMÄJL VWLYH[PVUZ� 0UZ[HSSH[PVU ^VYR ^HZ SPTP[LK
[V PUZ[HSSPUN JVU[YVS NLHY HUK H ZLUZVY PU LHJO
S\TPUHPYL� (WW�IHZLK ^PYLSLZZ PKLU[PÄJH[PVU VM
[OL S\TPUHPYLZ LUHISLK [OL S\TPUHPYLZ [V IL
X\PJRS` HZZPNULK [V [OL KLZPYLK SPNO[PUN aVULZ�
7YLKLÄULK SPNO[PUN JVU[YVS WYVÄSLZ ZPTWSPÄLK
HUK ZWLK \W JVTTPZZPVUPUN�

6WLYH[PUN [OL /\I:LUZL SPNO[ THUHNLTLU[
Z`Z[LT PU 2VSKPUN PZ HZ Z[YHPNO[MVY^HYK HZ
WSHUUPUN� PUZ[HSSH[PVU HUK JVTTPZZPVUPUN� >P[O
[OL UL^ Z`Z[LT� [OL SPNO[PUN JHU IL ÅL_PIS`
HKHW[LK H[ HU` [PTL [V JOHUNLZ PU YVVT \ZHNL
]PH [OL TVIPSL HWW� ;OLYL HYL ILULÄ[Z MVY
LTWSV`LLZ PU [LYTZ VM TVYL JVTMVY[HISL HUK
JVU]LUPLU[ SPNO[PUN� HUK [OL VWLYH[VYZ VM [OL
VMÄJL I\PSKPUN ILULÄ[ MYVT T\JO IL[[LY LULYN`
LMÄJPLUJ` [OHURZ [V KH`SPNO[ JVU[YVS HUK
WYLZLUJL KL[LJ[PVU� ;OHURZ [V P[Z ZJHSHIPSP[`
HUK NYLH[ ÅL_PIPSP[ �̀ [OL Z`Z[LT JHU LHZPS`
OHUKSL JOHUNLZ PU YVVT \ZHNL HUK VMÄJL
JVUJLW[Z� (IV\[ 6ZYHT!

/\I:LUZL MYVT 6ZYHT PZ [OL X\PJR HUK
LHZ` WH[O [V ZTHY[ VMÄJL SPNO[PUN [OHURZ
[V HU PU[\P[P]L [V\JO ZJYLLU \ZLY PU[LYMHJL
�*YLKP[Z! 6ZYHT�

6ZYHT� IHZLK PU 4\UPJO� PZ H SLHKPUN NSVIHS
OPNO�[LJO JVTWHU` ^P[O H OPZ[VY` KH[PUN IHJR
TVYL [OHU ��� `LHYZ� 7YPTHYPS` MVJ\ZLK VU
ZLTPJVUK\J[VY�IHZLK [LJOUVSVNPLZ� V\Y
WYVK\J[Z HYL \ZLK PU OPNOS` KP]LYZL
HWWSPJH[PVUZ YHUNPUN MYVT ]PY[\HS YLHSP[` [V
H\[VUVTV\Z KYP]PUN HUK MYVT ZTHY[WOVULZ [V
ZTHY[ HUK JVUULJ[LK SPNO[PUN ZVS\[PVUZ PU
I\PSKPUNZ HUK JP[PLZ� 6ZYHT \ZLZ [OL LUKSLZZ
WVZZPIPSP[PLZ VM SPNO[ [V PTWYV]L [OL X\HSP[` VM SPML
MVY PUKP]PK\HSZ HUK JVTT\UP[PLZ� 6ZYHT»Z
PUUV]H[PVUZ LUHISL WLVWSL HSS V]LY [OL ^VYSK
UV[ VUS` [V ZLL IL[[LY� I\[ HSZV [V
JVTT\UPJH[L� [YH]LS� ^VYR HUK SP]L IL[[LY�
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6ZYHT OHK HWWYV_PTH[LS` ������ LTWSV`LLZ
^VYSK^PKL HZ VM LUK VM ÄZJHS ��� �:LW[LTILY
��� HUK NLULYH[LK YL]LU\L VM HYV\UK ���
IPSSPVU L\YVZ MYVT JVU[PU\PUN HJ[P]P[PLZ� ;OL
JVTWHU` PZ SPZ[LK VU [OL Z[VJR L_JOHUNLZ PU
-YHURM\Y[ HUK 4\UPJO �0:05! +,���3,+����"
>25! 3,+ ���" [YHKPUN Z`TIVS! 6:9�� �
^^ �̂VZYHT�JVT "

'5,9(56

3IGNIFY 5PGRADES 3ENSOR
2EADY ,%$ $RIVER 0ORTFOLIO
WITH .EW $�I 3TANDARD

:PNUPM �̀ [OL ^VYSK SLHKLY PU SPNO[PUN� OHZ
\WNYHKLK P[Z WVY[MVSPV VM JVTWHJ[ 7OPSPWZ
?P[HUP\T :LUZVY 9LHK` ?[YLTL 3,+ KYP]LYZ MVY
V\[KVVY HWWSPJH[PVUZ ^P[O [OL YLJLU[S` NYHU[LK
+�P JLY[PÄJH[PVU� ;OPZ JLY[PÄJH[PVU WYVNYHT PZ
KLZPNULK [V KLSP]LY Z[HUKHYKPaH[PVU PU [OL
THYRL[� KYP]L ^PKLY HKVW[PVU VM 0V;
JVUULJ[P]P[` PU SPNO[PUN HUK HPK ZTHY[ JP[` VY
I\PSKPUN WYVQLJ[Z� 0[ THRLZ P[ ]LY` H[[YHJ[P]L
HUK LHZ` MVY J\Z[VTLYZ [V Z^P[JO [V
JVUULJ[LK SPNO[PUN VY PUZ[HSS *VUULJ[ 9LHK`
S\TPUHPYLZ ^P[O +�P JLY[PÄLK KYP]LYZ UV �̂ HUK
\WNYHKL [V JVUULJ[P]P[` SH[LY� )` 8� �����
:PNUPM` ^PSS HSZV \WNYHKL [OL JVTWSL[L
UVU�PZVSH[LK 7OPSPWZ ?P[HUP\T +PTTHISL
:LUZVY 9LHK` KYP]LY WVY[MVSPV MVY PUKVVY
HWWSPJH[PVUZ [V [OL UL^ +�P Z[HUKHYK� [V
MHJPSP[H[L [OL YHWPK THYRL[ HKVW[PVU VM
LULYN`�ZH]PUN [LJOUVSVNPLZ HUK KYP]L
Z[HUKHYKPaH[PVU� 3H\UJOLK I` [OL +PNP[HS

:PNUPM` Z[HY[LK \WNYHKPUN 3,+ KYP]LYZ [V
+�P JLY[PÄJH[PVU ^P[O KYP]LYZ MVY V\[KVVY
HWWSPJH[PVUZ� ;OL ÄYZ[ KYP]LYZ MVY PUKVVY
HWWSPJH[PVUZ ^PSS MVSSV^ I` 8�� ����

0SS\TPUH[PVU 0U[LYMHJL (SSPHUJL �+PP(�� [OL UL^
Z[HUKHYK»Z ZWLJPÄJH[PVUZ HUK YLX\PYLTLU[Z
JV]LY JYP[PJHS MLH[\YLZ PUJS\KPUN KPNP[HS
JVTT\UPJH[PVU� KH[H YLWVY[PUN HUK WV^LY
YLX\PYLTLU[Z� 8\HSPÄJH[PVU VM [OPZ JLY[PÄJH[PVU
KLTVUZ[YH[LZ WS\N�HUK�WSH` PU[LYVWLYHIPSP[` VM
S\TPUHPYLZ� ZLUZVYZ HUK JVTT\UPJH[PVU
UVKLZ� 7YVK\J[Z ^P[O [OL +�P Z[HUKHYK ^PSS
LUHISL ZTHY[� M\[\YL�WYVVM 3,+ S\TPUHPYLZ ^P[O
0V; JVUULJ[P]P[ �̀

0U HKKP[PVU [V ILPUN YLSL]HU[ MVY V\[KVVY
KYP]LYZ� +�P JLY[PÄJH[PVU PZ HSZV YLSL]HU[ MVY
PUKVVY KYP]LYZ� 0[ IYPUNZ Z[HUKHYKPaH[PVU [V
PU[YH�S\TPUHPYL +(30 HUK KLÄULZ OV^ KH[H

YLSL]HU[ MVY JVUULJ[LK SPNO[PUN UL[^VYRZ PZ
Z[VYLK HUK JVTT\UPJH[LK� +�P L_[LUKZ [OL
L_PZ[PUN +(30�� WYVNYHT I` HKKPUN H Z[HUKHYK
MVY WV^LY Z\WWS` [V JVU[YVS KL]PJLZ Z\JO HZ
ZLUZVYZ �+(30 WHY[ ����� 0[ HSZV Z[HUKHYKPaLZ
OV^ KYP]LYZ Z[VYL HUK YLWVY[ KH[H� PUJS\KPUN
S\TPUHPYL PUMV �+(30 WHY[ ����� LULYN` TL[LYPUN
�+(30 WHY[ ���� HUK KPHNUVZ[PJZ �+(30 WHY[
����� ;OPZ Z[HUKHYKPaH[PVU LUHISLZ S\TPUHPYL
THU\MHJ[\YLYZ [V JYLH[L S\TPUHPYLZ [OH[ JHU
LHZPS` IL PU[LNYH[LK PU JVUULJ[LK SPNO[PUN
Z`Z[LTZ�

¹@LHYZ HNV� ^L
WPVULLYLK ^P[O ?P[HUP\T
:LUZVY 9LHK` ?[YLTL
3,+ KYP]LYZ HUK ^L HYL
]LY` WYV\K VM UV^
OH]PUN H IYVHK +�P
KYP]LY WVY[MVSPV PU WSHJL�
;OL +�P Z[HUKHYK PZ RL`
MVY V\Y J\Z[VTLYZ HZ P[
THRLZ P[ LHZPLY [OHU L]LY
ILMVYL [V HKVW[
JVUULJ[P]P[` ^P[OPU ZTHY[
JP[PLZ�¹
7(<3 :36,2,9:� 796+<*; 4(5(.,9
6<;+669 3,+ +90=,9: (; :0.50-@

¹;OL UL^ +�P Z[HUKHYK PZ HU PTWVY[HU[ Z[LW PU
[OL QV\YUL` VM JVUULJ[LK SPNO[PUN�
:[HUKHYKPaH[PVU OLSWZ [V LUZ\YL [OH[ KPMMLYLU[
LSLTLU[Z VM H Z`Z[LT� Z\JO HZ S\TPUHPYLZ�
ZLUZVYZ HUK JVU[YVSZ� ^VYR [VNL[OLY
ZLHTSLZZS �̀ (Z H YLZ\S[� TVYL LUK�\ZLYZ JHU
Z[HY[ [V LUQV` [OL ILULÄ[Z VM JVUULJ[LK
SPNO[PUN�¹ ZHPK :PTVUL ]HU 3LL\^LU� 7YVK\J[
4HUHNLY 3,+ 3PULHY +YP]LYZ H[ :PNUPM �̀

(SS ]LYPÄLK WYVK\J[Z ^PSS UV^ JHYY` [OL
JLY[PÄJH[PVU SVNV HUK IL SPZ[LK VU [OL +PP(
^LIZP[L H[
^^ �̂KPNP[HSPSS\TPUH[PVUPU[LYMHJL�VYN�WYVK\J[Z

(IV\[ :PNUPM`!
:PNUPM` �,\YVUL_[! 30./;� PZ [OL ^VYSK SLHKLY PU
SPNO[PUN MVY WYVMLZZPVUHSZ HUK JVUZ\TLYZ HUK
SPNO[PUN MVY [OL 0U[LYUL[ VM ;OPUNZ� 6\Y 7OPSPWZ
WYVK\J[Z� 0U[LYHJ[ JVUULJ[LK SPNO[PUN Z`Z[LTZ
HUK KH[H�LUHISLK ZLY]PJLZ� KLSP]LY I\ZPULZZ
]HS\L HUK [YHUZMVYT SPML PU OVTLZ� I\PSKPUNZ
HUK W\ISPJ ZWHJLZ� >P[O ��� ZHSLZ VM ,<9
��� IPSSPVU� ^L OH]L HWWYV_PTH[LS` ������
LTWSV`LLZ HUK HYL WYLZLU[ PU V]LY ��
JV\U[YPLZ� >L \USVJR [OL L_[YHVYKPUHY`
WV[LU[PHS VM SPNO[ MVY IYPNO[LY SP]LZ HUK H IL[[LY
^VYSK� >L OH]L ILLU UHTLK 0UK\Z[Y` 3LHKLY
PU [OL +V^ 1VULZ :\Z[HPUHIPSP[` 0UKL_ MVY [OYLL
`LHYZ PU H YV �̂ � ^^ �̂ZPNUPM �̀JVT�NSVIHS�

(IV\[ +PP(!
;OL +PNP[HS 0SS\TPUH[PVU 0U[LYMHJL (SSPHUJL �+PP(�
PZ HU VWLU� NSVIHS JVUZVY[P\T VM SPNO[PUN
JVTWHUPLZ [OH[ HPTZ [V NYV^ [OL THYRL[ MVY
SPNO[PUN�JVU[YVS ZVS\[PVUZ IHZLK VU +PNP[HS
(KKYLZZHISL 3PNO[PUN 0U[LYMHJL �+(30�
[LJOUVSVN �̀ +PP( PZ KYP]PUN [OL HKVW[PVU VM
+(30��� [OL SH[LZ[ ]LYZPVU VM [OL PU[LYUH[PVUHSS`
Z[HUKHYKPaLK +(30 WYV[VJVS� +(30�� PUJS\KLZ
TVYL WYVK\J[ [`WLZ� TVYL MLH[\YLZ� JSLHYLY
ZWLJPÄJH[PVUZ� PUJYLHZLK [LZ[PUN� HUK WYVK\J[
JLY[PÄJH[PVU� ;OL +(30�� JLY[PÄJH[PVU HUK
[YHKLTHYR WYVNYHT� VWLYH[LK I` +PP(� I\PSKZ
JVUÄKLUJL PU JYVZZ�]LUKVY WYVK\J[
PU[LYVWLYHIPSP[ �̀ +PP( KL]LSVWZ [LZ[
ZWLJPÄJH[PVUZ MVY +(30�� WYVK\J[ JVTWSPHUJL
[LZ[PUN� HUK HSZV JYLH[LZ UL^ ZWLJPÄJH[PVUZ
MVY HKKP[PVUHS +(30�� MLH[\YLZ HUK M\UJ[PVUZ�
;OL +�P JLY[PÄJH[PVU WYVNYHT MYVT +PP( IYPUNZ
Z[HUKHYKPaH[PVU [V PU[YH�S\TPUHPYL +(30� �
^^ �̂KPNP[HSPSS\TPUH[PVUPU[LYMHJL�VYN "

)NVENTRONICS 2ELEASES 2OBUST
)0���)0�� ,%$ $RIVER 3ERIES
FOR #HALLENGING 0OWER
#ONDITIONS

0U]LU[YVUPJZ PZ WSLHZLK [V HUUV\UJL [OL
L_WHUZPVU VM [OL UL^ ,(4 3,+ KYP]LY ZLYPLZ
[OH[ SL]LYHNLZ 0U]LU[YVUPJZ SH[LZ[ UL_[
NLULYH[PVU WSH[MVYT KLZPNU ^P[O ZWLJPHS
MLH[\YLZ ZWLJPÄJHSS` MVY THYRL[Z ^OV MHJL
JOHSSLUNPUN WV^LY YLN\SH[PVU� ;OL L_WHUZPVU
WYV]PKLZ TVKLSZ Z\WWS`PUN \W [V �� > VM
WV^LY PU HKKP[PVU [V [OL HSYLHK` L_PZ[PUN
TVKLSZ Z\WWS`PUN \W [V ��� > VM WV^LY� ;OL
,(4����:___:)�:. ZLYPLZ VMMLYZ
PUK\Z[Y`�SLHKPUN Z\YNL WYV[LJ[PVU HUK PZ
07���07�� YH[LK MVY Y\NNLK HWWSPJH[PVUZ� ;OL
ZLYPLZ HSZV VMMLYZ KLZPNU ÅL_PIPSP[` ^P[O HU
HKQ\Z[HISL V\[W\[ J\YYLU[ [V YLK\JL :2<Z HUK
PZ \S[YH�JVTWHJ[ [V Ä[ PUZPKL H T\S[P[\KL VM
S\TPUHPYLZ� ;OL ,(4����:___:)�:. ZLYPLZ PZ

6YNHUPaH[PVUZ [V KL]LSVW H NH[L^H`
ZWLJPÄJH[PVU HUK JLY[PÄJH[PVU WYVNYHT MVY
SPNO[PUN�JVU[YVS UL[^VYRZ [OH[ \[PSPaL +(30
HUK APNILL�IHZLK WYVK\J[Z

I\PS[ MVY SVUN�[LYT YLSPHIPSP[` HUK \[PSPaLZ H
YVI\Z[ [OLYTHS KLZPNU MVY PUJYLHZLK
KLWLUKHIPSP[ �̀ ;OPZ ZLYPLZ PZ LX\PWWLK ^P[O HU
HK]HUJLK� PUUV]H[P]L JPYJ\P[Y` KLZPNU [OH[
OLSWZ WYV[LJ[ HNHPUZ[ WVVY PUW\[ WV^LY
JVUKP[PVUZ VU [OL THPU WV^LY SPULZ Z\WWSPLK [V
[OL 3,+ KYP]LY� YLK\JPUN THPU[LUHUJL JVZ[Z
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HUK ZHMLN\HYKPUN [OL S\TPUHPYL� ;OPZ PZ
HJOPL]LK I` WYV]PKPUN 0UW\[ 6]LY =VS[HNL
7YV[LJ[PVU �06=7� [OH[ JHU ^P[OZ[HUK ]VS[HNL
PUJYLHZLZ \W [V ��� =HJ H[ H TH_PT\T VM ��
OV\YZ�

0U]LU[YVUPJZ \UKLYZ[HUKZ [OL Z[Y\NNSLZ VM
6,4Z ZLSSPUN PU THYRL[Z ^P[O JOHSSLUNPUN
WV^LY JVUKP[PVUZ HUK JVUZ[Y\J[LK [OL
,(4����:___:)�:. ZLYPLZ [V WYV]PKL H ^PKL
PUW\[ ]VS[HNL YHUNL VM  ����� =HJ � �������
=KJ [V OLSW ^P[O ]HY`PUN ]VS[HNL Z^LSSZ HUK
ZHNZ VU [OL THPU WV^LY SPULZ� ;OL ZLYPLZ PZ
HSZV LX\PWWLK ^P[O THYRL[�SLHKPUN PUW\[
WYV[LJ[PVU VM � R= �KPMMLYLU[PHS TVKL� HUK � R=
�JVTTVU TVKL� HUK PZ JHWHISL VM OHUKSPUN
JOHSSLUNPUN THYRL[ JVUKP[PVUZ� Z\JO HZ
MYLX\LU[ WV^LY V\[HNLZ VY VWLYH[PUN MYVT H
IHJR\W WV^LY NLULYH[VY� ^OPSL WYV]PKPUN H
YLSPHISL� JVZ[�LMMLJ[P]L ZVS\[PVU�

;OL ,(4����:___:)�:. ZLYPLZ HSSV^Z MVY
KLZPNU ÅL_PIPSP[` ^P[O VW[PTHS YLZ\S[Z HUK
]HYPV\Z JVUÄN\YH[PVUZ [OYV\NO [OL HKQ\Z[HISL
V\[W\[ J\YYLU[ �(6*� M\UJ[PVU \ZPUN H
WV[LU[PVTL[LY MLH[\YL WYV]PKPUN JVUZ[HU[
WV^LY H[ H ^PKL V\[W\[ J\YYLU[ YHUNL MYVT
�������� T(� 0[ WYV]PKLZ H SV^ V\[W\[ J\YYLU[
YPWWSL [V LUZ\YL H \UPMVYT� X\HSP[` SPNO[ HUK HU
VW[PTPaLK� TVYL JVTWHJ[ MVYT MHJ[VY� ;OL
ZLYPLZ KLSP]LYZ M\SS�SVHK LMÄJPLUJ` \W [V  ��
HUK OHZ H JHSJ\SH[LK SPML[PTL \W [V �������
OV\YZ H[ ;J ��¢* HUK HU VWLYH[PUN JHZL
[LTWLYH[\YL MVY ^HYYHU[` VM ���*�

;OLPY 07�� HUK 07�� YH[PUN HUK JVTWHJ[ TL[HS
OV\ZPUN LUHISLZ [OLT [V WYV[LJ[ HNHPUZ[ K\Z[
HUK WHY[PJSLZ HUK Z\WWSPLZ H OPNO SL]LS VM
WYV[LJ[PVU HNHPUZ[ ^H[LY HUK O\TPKP[ �̀ ;OL
,(4����:___:) PZ JLY[PÄLK [V )0: HUK *,
Z[HUKHYKZ HUK [OL ,(4����:___:. PZ
JLY[PÄLK [V *) HUK *, Z[HUKHYKZ MHJPSP[H[PUN
ZHML[` JLY[PÄJH[PVU MVY [OL LUK \ZLY� 7YVK\J[PVU
X\HU[P[PLZ VM [OL ,(4����:___:) HUK
,(4����:___:. HYL H]HPSHISL UV �̂

(IV\[ 0U]LU[YVUPJZ!
,Z[HISPZOLK PU ����� 0U]LU[YVUPJZ PZ VUL VM [OL
^VYSK»Z [VW 3,+ KYP]LY THU\MHJ[\YLYZ
ZWLJPHSPaPUN PU I\PSKPUN PUUV]H[P]L� OPNOS`
YLSPHISL HUK SVUN�SPML WYVK\J[Z [OH[ HYL JLY[PÄLK
JVTWSPHU[ [V HSS THQVY PU[LYUH[PVUHS ZHML[` HUK
WLYMVYTHUJL Z[HUKHYKZ� >L KLZPNU V\Y V^U
KYP]LYZ H[ V\Y OLHKX\HY[LYZ PU /HUNaOV\�
*OPUH HUK OH]L ZWLJPHSPaLK [LHTZ [OH[ MVJ\Z
VU SV �̂ TPK HUK OPNO�WV^LY KLZPNUZ HZ ^LSS
HZ [LHTZ MVY UL[^VYR JVU[YVSZ HUK HJJLZZVY`
WYVK\J[Z� 6\Y KYP]LYZ HYL THU\MHJ[\YLK ^P[OPU
V\Y :JPLUJL HUK ;LJOUVSVN` 7HYR PU ;VUNS\�
*OPUH� >L LUJV\YHNL MHJ[VY` ]PZP[Z MVY H
ÄYZ[�OHUK L_WLYPLUJL VM V\Y JVTTP[TLU[ [V
X\HSP[ �̀ >L WYV]PKL Z\WLYPVY WYVK\J[Z�
L_JLW[PVUHS [LJOUPJHS Z\WWVY[� HUK
ILZ[�PU�JSHZZ J\Z[VTLY ZLY]PJL� >L HSZV ZLLR
[V JYLH[L ]HS\L MVY V\Y J\Z[VTLYZ I` ^VYRPUN
[V L_[LUK HUK PUJYLHZL [OL YL[\YU VU
PU]LZ[TLU[ MVY ZVSPK�Z[H[L SPNO[PUN Z`Z[LTZ� �
^^ �̂PU]LU[YVUPJZ�JV�JVT "

89 	 ,5

6<67(06

%FFECTIVE 56# ,%$ 3OLUTIONS
FOR 0ATHOGEN #ONTAINMENT�
-EDICAL AND "IOTECHNICAL
!PPLICATIONS AT EURO,IGHTING

:OVY[ <=�* SPNO[ OHZ ILLU WYV]LU [V RPSS   � 
WLYJLU[ VM IHJ[LYPH� ]PY\ZLZ HUK V[OLY
WH[OVNLUZ� L\YV3PNO[PUN VMMLYZ UL^ WYVK\J[
ZVS\[PVUZ PU [OL MVYT VM <=�* 3,+Z� [OL LMMLJ[
VM ^OPJO JHU IL \ZLK ZWLJPÄJHSS` [V LMMLJ[P]LS`
Z[LYPSPZL HPY� ^H[LY HUK Z\YMHJLZ HUK NYLH[S`
YLK\JL [OL YPZR VM PUMLJ[PVU� )HZLK VU [OL
J\YYLU[ ]PY\Z WHUKLTPJ HUK PU ]PL^ VM
Z[H[LTLU[Z I` L_WLY[Z [OH[ Z\JO ZP[\H[PVUZ
JV\SK VJJ\Y TVYL MYLX\LU[S` PU [OL M\[\YL�
ZVS\[PVUZ HYL \YNLU[S` ZV\NO[ [V JVU[HPU [OL
ZWYLHK VM WH[OVNLUZ HZ X\PJRS` HUK LMMLJ[P]LS`
HZ WVZZPISL� :WLJPÄJH[PVUZ VM [OL <=�*����

:THY[ ,JV 3PNO[PUN»Z <=�* 3,+ MYVT [OL
<=�*���� ZLYPLZ ^P[O WLHRZ H[ ���� ���
HUK ���UT MVY TLKPJHS HUK IPV[LJOUPJHS
HWWSPJH[PVUZ� HYL H]HPSHISL MYVT
L\YV3PNO[PUN

ZLYPLZ!
;OL UL^ <=�* 3,+ ZLYPLZ <=�*���� MYVT
:THY[ ,JV 3PNO[PUN PZ H]HPSHISL MYVT
L\YV3PNO[PUN PU [OYLL KPMMLYLU[ WV^LY SL]LSZ HUK
^H]LSLUN[OZ� +LWLUKPUN VU YLX\PYLTLU[Z� [OL
WH[LU[LK <=�* 3,+Z HYL H]HPSHISL ^P[O H
YHKPHU[ Å\_ VM � T> �H[ ���� > V\[W\[�� ��T
> �H[ ���� > V\[W\[� VY HZ H WHY[PJ\SHYS`
WV^LYM\S ]LYZPVU ^P[O ��T > �H[ ���� >
V\[W\[�� ;OL ZLYPLZ PZ H]HPSHISL PU [OL WLHR
^H]LSLUN[OZ ���� ��� HUK ��� UT�

( ZWLJPHS WH[LU[LK 3,+ WHJRHNPUN [LJOUVSVN �̀
PU ^OPJO [OL X\HY[a NSHZZ VM [OL <= 3,+ PZ
�PUVYNHUPJHSS`� ^LSKLK VU[V [OL TL[HS Z\IZ[YH[L
PUZ[LHK VM �VYNHUPJHSS`� NS\LK� LUHISLZ H
ZPNUPÄJHU[ PUJYLHZL PU [OL ZLY]PJL SPML VM [OL
3,+� ;OPZ PUVYNHUPJ TL[OVK VM WYVK\J[PVU
WYL]LU[Z [OL HKOLZP]L MYVT ILPUN KHTHNLK I`
<= SPNO[� [OL JOPW PZ V_PKPaLK HM[LY H ZOVY[ [PTL
K\L [V V_`NLU PUNYLZZ� HUK [OL SPML[PTL PZ
YLK\JLK [V SLZZ [OHU ��� OV\YZ� ;OL IPN
HK]HU[HNL! L]LU HM[LY H ZLY]PJL SPML VM TVYL
[OHU ������ OV\YZ� [OL S\TPUV\Z Å\_ YLTHPUZ
H[ V]LY ��� VM P[Z VYPNPUHS ]HS\L�

>P[O [OL JVTWHJ[ KLZPNU VM ���_���_��� TT
HUK H ILHT HUNSL VM ����� [OL <=�* 3,+Z JHU
IL \ZLK ÅL_PIS` PU JVTWHJ[ [V SHYNL Z`Z[LTZ�

<=�* 3,+Z HYL H TLYJ\Y`�MYLL HUK [OLYLMVYL
LU]PYVUTLU[HSS` MYPLUKS` HS[LYUH[P]L [V
JVU]LU[PVUHS <= SHTWZ� +LZWP[L MYLX\LU[
VU�VMM J`JSLZ [OLYL PZ UV YLK\J[PVU PU ZLY]PJL
SPML� ;OL SV^�WYLZZ\YL <= SHTWZ \ZLK ZV MHY�
VU [OL V[OLY OHUK� OH]L [OL KPZHK]HU[HNL [OH[
[OL` JVU[HPU [V_PJ TLYJ\Y �̀ HYL SPTP[LK PU
KLZPNU HUK YLX\PYL H ^HYT�\W [PTL VM �� [V ��
TPU\[LZ ILMVYL LMMLJ[P]L \ZL�

4LKPJHS HWWSPJH[PVUZ HUK PUKP]PK\HS ZVS\[PVUZ!
)HZLK VU [OL UL^ <=�* 3,+Z� :THY[ ,JV
3PNO[PUN OHZ HSYLHK` KL]LSVWLK H JVTWSL[L
Z`Z[LT MVY HPY KPZPUMLJ[PVU HUK ^H[LY
KPZPUMLJ[PVU HUK HWWSPLK MVY H WH[LU[� >P[O [OL
WYVMLZZPVUHS Z\WWVY[ VM P[Z KL]LSVWLYZ� [OL
THU\MHJ[\YLY JHU Z\WWS` J\Z[VTPaLK ZVS\[PVUZ
MYVT TVK\SLZ [V JVTWSL[L 3,+ Z`Z[LTZ ^P[O
[OL YLX\PYLK <= KVZL� 0U HKKP[PVU [V
HWWSPJH[PVUZ MVY ^H[LY [YLH[TLU[� HPY
KPZPUMLJ[PVU� Z\YMHJL KPZPUMLJ[PVU HUK
Z[LYPSPaH[PVU� [OL <=�* 3,+Z JHU HSZV IL \ZLK
MVY PUZWLJ[PVUZ HUK TLHZ\YLTLU[Z� MVY +5(
HUHS`ZPZ PU IPV[LJOUVSVN` VY ZPTPSHY
HWWSPJH[PVUZ� "

/('6

.ICHIA 56 ,%$ 4ECHNOLOGY
3UPPORTS %VOLVING -ARKETS

5PJOPH� H SLHKPUN NSVIHS ZWLJPHSPZ[ PU 3,+
[LJOUVSVN �̀ PZ UV^ HPTPUN [V L_[LUK P[Z
KVTPUHUJL [V [OL <= THYRL[ MVSSV^PUN P[Z
PTWYLZZP]L ZOV^JHZL H[ [OL YLJLU[ 9HK;LJO
���� JVUMLYLUJL HUK L_OPIP[PVU PU 6YSHUKV�
-SVYPKH� <:(� ;OL JVTWHU`»Z SH[LZ[ ZVS\[PVUZ
YLTHPU PKLHS MVY J\YPUN HWWSPJH[PVUZ� I\[ HU
L_[LUKLK WVY[MVSPV PZ VM WHY[PJ\SHY ILULÄ[� HZ
<= PZ RUV^U [V IL PUJYLKPIS` LMMLJ[P]L PU RPSSPUN
]PY\ZLZ� IHJ[LYPH� M\UNP HUK WYV[VaVH�

(SYLHK` H[ [OL MVYLMYVU[ VM [OL <= 3,+ ÄLSK
[OYV\NO P[Z LZ[HISPZOLK <=�( HUK <=�) ZLYPLZ
WYVK\J[Z� 5PJOPH PZ L_[LUKPUN P[Z VMMLYPUNZ [V H
UL^ ^PKL YHUNL VM IV[O :4+ HUK *6) 3,+Z�
(KKP[PVUHSS �̀ 5PJOPH»Z WVY[MVSPV PZ UV^ ILPUN
IVSZ[LYLK I` [OL ��� PU[YVK\J[PVU VM P[Z ���
UT +LLW <= � <=�* 3,+� ([ 9HK;LJO� [OL
UL^ WYVK\J[Z H[[YHJ[LK HTWSL H[[LU[PVU� ^P[O
5PJOPH YLJLP]PUN L_[YLTLS` WVZP[P]L MLLKIHJR
HUK H OPNO U\TILY VM LUX\PYPLZ�

,YPR :^LUZVU� .LULYHS 4HUHNLY VM 5PJOPH
(TLYPJH� JVTTLU[LK! ¹;OL SL]LS VM
L_JP[LTLU[ HUK PU[LYLZ[ MVY ZVSPK�Z[H[L <=
SPNO[PUN H[ 9HK;LJO ^HZ [YLTLUKV\Z [V
L_WLYPLUJL� 4\JO MVJ\Z PZ Q\Z[PÄHIS` VU KLLW
<= MVY Z[LYPSPaH[PVU� LZWLJPHSS` JVUZPKLYPUN [OL
NSVIHS *6=0+�� WHUKLTPJ� /V^L]LY� THU`
KPMMLYLU[ JYLH[P]L HWWYVHJOLZ H[ ]HYPV\Z
^H]LSLUN[OZ HYL ILPUN KL]LSVWLK�¹
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¹:PTPSHY [V [OL YPZL VM
3,+ [LJOUVSVN` MVY
NLULYHS SPNO[PUN� [OL <=
3,+ ZLJ[VY PZ VU H YHWPK
NYV^[O [YHQLJ[VY` ^P[O
5PJOPH»Z PUUV]H[P]L
ZVS\[PVUZ SLHKPUN [OPZ
THYRL[ [YHUZMVYTH[PVU�¹
,902 :>,5:65� .,5,9(3 4(5(.,9 6- 50*/0(
(4,90*(

<= SPNO[ [LJOUVSVN` OHZ TVTLU[\T HUK PZ H
OV[ [VWPJ PU [OL PUK\Z[Y �̀ HZ [OL SPNO[ LTP[[LK
RPSSZ IPVSVNPJHS PTW\YP[PLZ� 0U WHY[PJ\SHY� 3,+Z PU
[OL <=�* IHUK WYVTPZL [V YL]VS\[PVUPaL
Z[LYPSPaH[PVU HUK KPZPUMLJ[PVU� HUK JV\SK IYPUN
ZHMLY JVUKP[PVUZ [V TLKPJHS MHJPSP[PLZ ¶ T\JO
ULLKLK PU [OL J\YYLU[ NSVIHS LU]PYVUTLU[�
4LKPJHS LX\PWTLU[ 6,4Z JHU ILULÄ[ MYVT

5PJOPH WYV]PKLZ H ^PKL <= WVY[MVSPV!
*6)Z� PKLHS MVY PUR J\YPUN HWWSPJH[PVUZ"
[OL SH[LZ[ <= 3,+Z ^P[O OPNO Z[LYPSPaH[PVU
JOHYHJ[LYPZ[PJZ� ]P[HS MVY TLKPJHS
LX\PWTLU[ 6,4Z

<=�* [LJOUVSVN` HZ P[ KLSP]LYZ PUMLJ[PVU
WYL]LU[PVU HUK JVU[YVS PU WVY[HISL KL]PJLZ�
,X\PWTLU[ VM [OPZ [`WL JHU IL KLWSV`LK I`
OLHS[OJHYL ^VYRLYZ H[ WVPU[�VM�JHYL� VY [V
Z[LYPSPaL MYLX\LU[S` [V\JOLK Z\YMHJLZ Z\JO HZ
WLYZVUHS LSLJ[YVUPJZ� TLKPJHS [YVSSL`Z HUK
KPHNUVZ[PJ KL]PJLZ�

;OL SH[LZ[ 5PJOPH +LLW <= 3,+� [OL ��� UT
5*:<���(� PZ KLZPNULK [V HKKYLZZ
THZZ�THYRL[ KLTHUK MVY Z[LYPSPaH[PVU \ZPUN
ZVSPK�Z[H[L SPNO[PUN� 0TWVY[HU[S �̀ [OPZ ZTHSS `L[
OPNOS` LMÄJPLU[ 3,+ KLSP]LYZ H [`WPJHS YHKPHU[
Å\_ VM �� T> ���� T(� ¶ ULHYS` KV\ISL [OL
LMÄJPLUJ` VM JVTWL[PUN 3,+Z� -VY KLZPNULYZ�
[OL ZVS\[PVU KLSP]LYZ IL[[LY Z`Z[LT
TPUPH[\YPaH[PVU HUK OPNOS` Z[HISL SVUN�SPML
WLYMVYTHUJL JVTWHYLK [V WYL]PV\Z
[LJOUVSVNPLZ�

¹>P[O [OL 5*:<���( ^L OH]L H SLHKPUN
[LJOUVSVN` [VKH �̀ ;V Z\WWVY[ L_WLJ[LK
THYRL[ KLTHUK NYV^[O� ^L ^PSS IL PUJYLHZPUN
[OL WYVK\J[PVU JHWHJP[` HUK YLSLHZPUN [OL UL_[
NLULYH[PVU 5*:<���) I` [OL LUK VM [OPZ `LHY�
M\Y[OLY L_[LUKPUN 5PJOPH»Z SLHKLYZOPW WVZP[PVU�
6\Y \UPX\L JY`Z[HS NYV^[O [LJOUVSVN �̀ ^OPJO

OHZ ILLU J\S[P]H[LK MVY THU` `LHYZ� OHZ
OLSWLK [V Z\JJLZZM\SS` KL]LSVW [OL ^VYSK»Z
OPNOLZ[ X\HSP[ �̀ OPNOLZ[ WLYMVYTHUJL� SVUN�SPML
<= 3,+Z� ZWHUUPUN <=�(� <=�) HUK <=�*�
HUK HJOPL]PUN H ZPNUPÄJHU[ SPML[PTL
PTWYV]LTLU[ V]LY JVU]LU[PVUHS <= SHTWZ�¹
HKKZ ,YPR :^LUZVU�

5PJOPH L_WLJ[Z P[Z <= WVY[MVSPV [V IL WSH` H
ZPNUPÄJHU[ YVSL PU JVTWSL[LS` YLWSHJPUN
JVU]LU[PVUHS TLYJ\Y` SHTWZ HUK [OLPY
HZZVJPH[LK LU]PYVUTLU[HS PZZ\LZ� 0U [\YU� [OL
[LJOUVSVN` ^PSS M\Y[OLY KL]LSVW H THYRL[ [OH[
SL]LYHNLZ [OL JOHYHJ[LYPZ[PJZ VM ZVSPK�Z[H[L
SPNO[PUN HUK OVWLM\SS` HKKYLZZ H THQVY NSVIHS
PZZ\L�

(IV\[ 5PJOPH *VYWVYH[PVU!
/H]PUN »,]LY 9LZLHYJOPUN MVY H )YPNO[LY >VYSK»
HZ H TV[[V� 5PJOPH [HRLZ NYLH[ WYPKL PU ILPUN
[OL [LJOUVSVN` SLHKLY HUK ^VYSK»Z SHYNLZ[ 3,+
THU\MHJ[\YLY� -V\UKLK PU � �� HZ H ZWLJPHSPZ[
JOLTPJHS WYVK\JLY� 5PJOPH X\PJRS` ILJHTL [OL
SLHKLY PU S\TPULZJLU[ TH[LYPHSZ �WOVZWOVYZ��
5PJOPH SH[LY KL]LSVWLK HUK JVTTLYJPHSPaLK
[OL ÄYZ[ OPNO IYPNO[ULZZ IS\L 3,+ PU �  � HUK
[OL ÄYZ[ ^OP[L 3,+ PU �  �� (KKP[PVUHS
UP[YPKL�IHZLK 3,+Z PU ]HYPV\Z JVSVYZ ^LYL
KL]LSVWLK� PUJS\KPUN \S[YH]PVSL[ HUK ]PZPISL
SHZLY KPVKLZ� 5PJOPH ILSPL]LZ [OH[ P[Z WYVK\J[Z
^PSS YLTHPU H[ [OL MVYLMYVU[ VM LULYN` LMÄJPLU[
ZVS\[PVUZ [OYV\NOV\[ [OL ^VYSK MVY `LHYZ [V
JVTL� 5PJOPH ^PSS JVU[PU\L [V IL H JVTWHU`
[OH[ THRLZ JVU[YPI\[PVUZ [V [OL ^VYSK I`
L]VS]PUN P[Z VYPNPUHS HUK \UPX\L [LJOUVSVNPLZ
HUK »,]LY 9LZLHYJOPUN MVY H )YPNO[LY >VYSK»� �
^^ �̂UPJOPH�JVT "

,UMITRONIX 0ROVIDES 3OLUTIONS
FOR 5SE OF 56# ,%$ 5NDER
2EAL #ONDITIONS

(Z HU VMÄJPHS KPZ[YPI\[VY VM 5PJOPH PU ,\YVWL�
[OL /LJOPUNLU�IHZLK 3,+ JVTWHU`
3\TP[YVUP_ VMMLYZ HJJLZZ [V [OL TVZ[ WV^LYM\S
<=* 3,+ J\YYLU[S` VU [OL THYRL[� ;OL
5*:<���( LTP[Z H ^H]LSLUN[O VM ��� UT PU
[OL \S[YH]PVSL[ YHUNL HUK LZWLJPHSS` PU [OL <=�*
IHUK HUK LUHISLZ PTTLKPH[L Z[LYPSPaH[PVU HUK
JSLHUPUN VM HPY� SPX\PKZ HUK Z\YMHJLZ� )HJ[LYPH�
NLYTZ HUK ]PY\ZLZ JHU IL YLSPHIS` RPSSLK PU [OPZ
^H �̀ ;OPZ TLHUZ [OH[ [OL <= 3,+ MYVT [OL
^VYSK»Z SHYNLZ[ 3,+ THU\MHJ[\YLY JHU HSZV HJ[
HZ H WVZZPISL ^LHWVU HNHPUZ[ [OL UV]LS
JVYVUH ]PY\Z� (JJVYKPUN [V 5PJOPH� [OL
5*:<���(� ^OPJO TLHZ\YLZ VUS` ���_���
TT� KLSP]LYZ VUL VM [OL ILZ[ WLYMVYTHUJLZ PU
[OL ZVSPK�Z[H[L SPNO[PUN �::3� ZLJ[VY ^P[O ��
T> �H[ H J\YYLU[ VM ��� T(�� ;OL 3,+Z HYL
L_WLJ[LK [V OH]L H ZPNUPÄJHU[S` SVUNLY SPML [OHU
JVU]LU[PVUHS <= SHTWZ� 0U HKKP[PVU� [OL
5*:<���( \ZLZ H UL^S` KL]LSVWLK�
OLYTL[PJHSS` ZLHSLK OV\ZPUN [OH[ THRLZ [OL
3,+ SLZZ Z\ZJLW[PISL [V L_[LYUHS LU]PYVUTLU[HS
PUÅ\LUJLZ� [O\Z LUHISPUN P[ [V IL \ZLK PU
]HYPV\Z OHYZO LU]PYVUTLU[Z�

3\TP[YVUP_»Z <=�* ZVS\[PVUZ PUJS\KL H
ZHML[` JVUJLW[ [OH[ LUZ\YLZ [OL
WYVMLZZPVUHS \ZL VM <=�* 3,+Z ^P[OV\[
YPZRZ

([ 3\TP[YVUP_� [OL KPZPUMLJ[PUN SPNO[ LTP[[PUN
KPVKL PZ H]HPSHISL PU ]HYPV\Z ]LYZPVUZ! HZ H
JVTWVULU[ MVY SH[LY HZZLTIS �̀ WYLHZZLTISLK
VU HU HS\TPUP\T IVHYK TLHZ\YPUN ��_�� TT
HUK PU H OLYTL[PJ ZWV[ OV\ZPUN ^P[O H X\HY[a
NSHZZ YLÅLJ[VY� ^OPJO LUHISLZ H WHY[PJ\SHYS`
UHYYV^ ILHT HUNSL VM ����� HUK VMMLYZ
WLYTHULU[ <= Z[HIPSP[` [OHURZ [V [OL OPNOLZ[
WVZZPISL [YHUZTP[[HUJL� ;OL OV\ZPUN PZ THKL
VM Z[HPUSLZZ Z[LLS HUK PZ [OLYLMVYL HU[PIHJ[LYPHS
HUK WLYTHULU[S` PUZLUZP[P]L [V <= YHKPH[PVU� 0[
JHU HSZV IL LHZPS` JSLHULK� +\L [V [OL
JVTWSL[L [PNO[ULZZ VM [OL ZWV[SPNO[� [OL
L_[YLTL [LTWLYH[\YL Z[HIPSP[` VM [OL TH[LYPHSZ
\ZLK HUK [OL MHJ[ [OH[ [OL JVUZ[Y\J[PVU KVLZ
UV[ YLX\PYL HU` HKKP[PVUHS JVVSPUN� P[ JHU IL
\ZLK PU HTIPLU[ JVUKP[PVUZ VM \W [V ���� *
^P[OV\[ HU` WYVISLTZ�

;OPZ VWLUZ \W H ^PKL YHUNL VM WVZZPIPSP[PLZ MVY
WV[LU[PHS \ZLYZ [V [HRL HK]HU[HNL VM [OL
Z[LYPSPaPUN WYVWLY[PLZ VM [OL 5*:<���(�

<S[YH]PVSL[ YHKPH[PVU PU [OL ^H]LSLUN[O YHUNL
MYVT ������� UT OHZ HU L_[YLTLS`
KLZ[Y\J[P]L LMMLJ[ VU VYNHUPJ HUK PUVYNHUPJ
[PZZ\L� 0[ JHU SLHK [V PUÅHTTH[PVU VM [OL
JVYULH VM [OL L`L VY [V <= LY`[OLTH �Z\UI\YU�
VM [OL ZRPU� 4H[LYPHSZ [OH[ HYL L_WVZLK [V
\S[YH]PVSL[ YHKPH[PVU MVY [VV SVUN ILNPU [V
KLJVTWVZL� 0[ PZ [OLYLMVYL L_[YLTLS`
PTWVY[HU[ [OH[ [OL SPNO[ VM [OL OPNOS` LMÄJPLU[
5*:<���( 3,+ KVLZ UV[ JVTL PU[V JVU[HJ[
^P[O WLVWSL HUK PZ VUS` \ZLK MVY H ZOVY[ WLYPVK
VM [PTL VU VIQLJ[Z [OH[ YLX\PYL Z[LYPSPaH[PVU�

;OL :^HIPHU 3,+ ZWLJPHSPZ[ OHZ HKKYLZZLK
[OPZ WYVISLT HUK KL]LSVWLK H JVUJLW[ MVY [OL
ZHML VWLYH[PVU VM <=�* 3,+Z� ¹( JVTIPUH[PVU
VM I\[[VU� Z^P[JO� TV[PVU ZLUZVY HUK [OYLL
ZPNUHS 3,+Z LUZ\YLZ [OL YVVT PU ^OPJO [OL
5*:<���( PZ [V WYV]PKL H Z[LYPSL LU]PYVUTLU[
PZ MYLL VM WLVWSL� ;OL <= 3,+ JHU VUS` IL
HJ[P]H[LK ]PH [OL Z^P[JO PM [OL TV[PVU ZLUZVY
YLNPZ[LYZ UV TVYL TV]LTLU[ HM[LY ��
ZLJVUKZ� PM [OL I\[[VU PZ HJ[P]H[LK I` JSVZPUN
[OL KVVY HUK PM HSS ZHML[` JVUKP[PVUZ HYL M\SÄSSLK
I` TLHUZ VM H NYLLU ZPNUHS 3,+�¹ YLWVY[Z
*OYPZ[PHU /VMMTHUU� *,6 VM 3\TP[YVUP_�

(SS VM [OL ZVS\[PVUZ VMMLYLK I` 3\TP[YVUP_ HYL
HPTLK H[ WYVMLZZPVUHS \ZLYZ ^OV HYL MHTPSPHY
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^P[O \S[YH]PVSL[ YHKPH[PVU HUK JHU LUZ\YL [OH[
<=�* 3,+Z HYL \ZLK ^P[OV\[ YPZR�

-VY M\Y[OLY PUMVYTH[PVU HIV\[ [OL ]HYPV\Z
ZVS\[PVUZ HUK ZHTWSLZ VM 5PJOPH»Z UL^ <=�*
3,+� WSLHZL JVU[HJ[ 3\TP[YVUP_� [OL VMÄJPHS
5PJOPH KPZ[YPI\[VY PU ,\YVWL�

-VY HKKP[PVUHS PUMVYTH[PVU� WSLHZL ]PZP[ [OL
3\TP[YVUP_ +PZ[YPI\[PVU ^LIZP[L VY JVU[HJ[
3\TP[YVUP_ H[ THPS'SLKZ�KL

(IV\[ 3\TP[YVUP_!
3\TP[YVUP_ OHZ ILLU VUL VM [OL SLHKPUN
ZWLJPHSPZ[Z MVY 3,+Z HUK 3,+ WYVK\J[Z MVY
THU` `LHYZ� (Z H JVTWL[LU[ WHY[ULY MVY [OL
PUK\Z[Y �̀ 3\TP[YVUP_ WVZZLZZLZ IYVHK
HWWSPJH[PVU RUV^SLKNL MYVT U\TLYV\Z
ZLJ[VYZ� ;OL :^HIPHU JVTWHU �̀ IHZLK PU
/LJOPUNLU� .LYTHU �̀ OHZ 0:6  ���
JLY[PÄJH[PVU HUK PZ HSZV [OL VMÄJPHS KPZ[YPI\[VY VM
THYRL[�SLHKPUN THU\MHJ[\YLYZ VM 3,+
[LJOUVSVN �̀ 3\TP[YVUP_ PZ UV[ VUS` PU]VS]LK PU
[OL KPZ[YPI\[PVU VM 3,+ WYVK\J[Z� I\[ HSZV
KL]LSVWZ HUK THU\MHJ[\YLZ PU�OV\ZL
HJJVYKPUN [V J\Z[VTLY�ZWLJPÄJ YLX\PYLTLU[Z�
;̂ V \S[YH�TVKLYU WYVK\J[PVU SPULZ ^P[O [OL
SH[LZ[ THJOPUL [LJOUVSVN` HSSV^ [OL HZZLTIS`
VM IV[O YPNPK HUK ÅL_PISL 7*)Z� ( ZWLJPHS
MLH[\YL VM [OL ÅL_ WYVK\J[PVU PZ [OL YLLS�[V�YLLS
WYVJLZZPUN� ^P[O ^OPJO HSTVZ[ LUKSLZZ SLUN[OZ
JHU IL YLHSPaLK� ;OL WYVK\J[PVU ZP[L PU
/LJOPUNLU M\Y[OLYTVYL WYV]PKLZ [OL ILULÄ[ VM
ILPUN HISL [V YLZWVUK X\PJRS` HUK YLSPHIS` [V
PUKP]PK\HS J\Z[VTLY ^PZOLZ HUK YLX\PYLTLU[Z�
8\HSP[` 4HKL PU .LYTHU �̀ �
I�I�S\TP[YVUP_�JVT�LU� "

,UMINUS "REAKS THE 53$ ����
PER M7 "ARRIER FOR 56# ,%$S

3\TPU\Z +L]PJLZ HUUV\UJLZ [OL PTTLKPH[L
H]HPSHIPSP[` VM P[Z UL^LZ[ <=�* 3,+� [OL
?);������ ^P[O WLYMVYTHUJL YHUNPUN MYVT ��
T> [V �� T> PU [OL ������� UT YHUNL� >P[O
[OL NSVIHS ULLK MVY KPZPUMLJ[PVU HUK
Z[LYPSPaH[PVU KL]PJLZ PUJYLHZPUN� [OL
WYPJL�WLYMVYTHUJL JVTIPUH[PVU VM [OL
?);����� ^PSS HSSV^ JVTWHUPLZ [V X\PJRS`
IYPUN UV]LS HUK HMMVYKHISL ZVS\[PVUZ [V THYRL[�
:JPLU[PZ[Z ;OL NLYTPJPKHS LMMLJ[P]LULZZ VM

)YLHRPUN [OL ���� <:+�T> IHYYPLY
LUHISLZ [OL SHYNL�ZJHSL KLWSV`TLU[ VM
<=�* 3,+Z PU KPZPUMLJ[PVU HWWSPJH[PVUZ
HUK HJJLSLYH[LZ [OL KPZWSHJLTLU[ VM
TLYJ\Y` SHTWZ

<=�* 3,+Z HNHPUZ[ ,�JVSP� 49:( HUK H ]HYPL[`
VM WH[OVNLUZ OHZ ILLU ^LSS KVJ\TLU[LK�
<=�* 3,+Z ^P[O ^H]LSLUN[OZ SLZZ [OHU ���
UT HYL ZOV^U [V IL HZ VY TVYL LMMLJ[P]L [OHU
TLYJ\Y` SHTWZ MVY KPZPUMLJ[PVU HUK
Z[LYPSPaH[PVU� /V^L]LY� WLYMVYTHUJL� JVZ[� HUK
SPML[PTL OH]L ILLU� PU ZVTL JVTIPUH[PVU� [OL
MHJ[VYZ ZSV^PUN HKVW[PVU VM <=�* 3,+Z�

¹6\Y SH[LZ[ KL]PJLZ� SPRL
[OL UL^ ?);����� MYVT
3\TPU\Z� UV^ OH]L
TLKPHU SPML[PTLZ ^LSS PU
L_JLZZ VM ������ OV\YZ
H[ UVTPUHS VWLYH[PUN
JVUKP[PVUZ� [OLPY
PUJYLHZLK WV^LY V\[W\[
TPUPTPaLZ [OL U\TILY VM
3,+Z YLX\PYLK PU H
Z`Z[LT� HUK WYPJPUN PU
]VS\TL OHZ ILLU
YLK\JLK [V H SL]LS ILSV^
<:+ �����T>�¹
4<9(30 2<4(9� +09,*;69 6- :7,*0(3;@
4(92,;05.

¹3\TPU\Z» TPZZPVU PZ [V PTWYV]L WLVWSL»Z
OLHS[O HUK ^LSSULZZ I` THRPUN 3,+ IHZLK
KPZPUMLJ[PVU [LJOUVSVN` \UP]LYZHSS` HMMVYKHISL
PU OLHS[OJHYL� ^H[LY� HUK HPY�W\YPÄJH[PVU
HWWSPJH[PVUZ�¹ ZHPK 4\YHSP 2\THY� ;OL
JVU]LYNLUJL VM [OL [OYLL MHJ[VYZ SPML[PTL�
WV^LY V\[W\[ HUK WYPJPUN THRLZ [OL
SHYNL�ZJHSL KLWSV`TLU[ VM <=�* 3,+Z
WYHJ[PJHS HUK HJJLSLYH[LZ [OL WOHZL�V\[ VM
SHTWZ JVU[HPUPUN OHYTM\S Z\IZ[HUJLZ Z\JO HZ
TLYJ\Y �̀¹

;OL UL^ ?);����� JVTWSLTLU[Z 3\TPU\Z»
J\YYLU[ WVY[MVSPV PUJS\KPUN [OL ?);������ H �
T> 3,+ VW[PTPaLK MVY SV^ WV^LY�
JVZ[�ZLUZP[P]L HWWSPJH[PVUZ HUK [OL ?:;������
H �� T> <=�* 3,+ KLZPNULK MVY HWWSPJH[PVUZ
YLX\PYPUN MVJ\ZLK SPNO[�

(IV\[ 3\TPU\Z
3\TPU\Z� 0UJ� KL]LSVWZ HUK THYRL[Z
ZVSPK�Z[H[L SPNO[PUN ZVS\[PVUZ �::3� [V OLSW P[Z
J\Z[VTLYZ TPNYH[L MYVT JVU]LU[PVUHS SHTW
[LJOUVSVNPLZ [V SVUN�SPML HUK LULYN`�LMÄJPLU[
3,+ PSS\TPUH[PVU� *VTIPUPUN [LJOUVSVN`
VYPNPUH[LK MYVT [OL 4HZZHJO\ZL[[Z 0UZ[P[\[L VM
;LJOUVSVN` �40;� ^P[O PUUV]H[PVU MYVT :PSPJVU
=HSSL �̀ 3\TPU\Z VMMLYZ H JVTWYLOLUZP]L YHUNL
VM 3,+ ZVS\[PVUZ MVY NSVIHS SPNO[PUN THYRL[Z HZ
^LSS HZ OPNO�V\[W\[ ZWLJPHS[` SPNO[PUN ZVS\[PVUZ
MVY WLYMVYTHUJL�KYP]LU THYRL[Z PUJS\KPUN
JVUZ\TLY KPZWSH`Z� LU[LY[HPUTLU[ SPNO[PUN HUK
TLKPJHS HWWSPJH[PVUZ� 3\TPU\Z PZ

OLHKX\HY[LYLK PU :\UU`]HSL� *HSPMVYUPH� -VY
HKKP[PVUHS PUMVYTH[PVU WSLHZL ]PZP[
O[[W!��^^ �̂S\TPU\Z�JVT "

0($685(0(17

56# 2ADIOMETER FOR
$ISINFECTION %FFECTIVENESS AND
3AFETY OF 56# ,%$S AND
'ERMICIDAL ,AMPS

;OL ?����<=����� YHKPVTL[LY LUHISLZ [OL
LMMLJ[P]LULZZ VM <= NLYTPJPKHS PYYHKPH[PVU
�<=.0� [V IL HJJ\YH[LS` KL[LYTPULK MVY IV[O
SV^ WYLZZ\YL TLYJ\Y` ����UT� NLYTPJPKHS
SHTWZ HUK <=�* 3,+Z� (KKP[PVUHSS �̀ [OL
KL]PJL OHZ Z\MÄJPLU[ ZLUZP[P]P[` [V KL[LJ[ PM
\UKLZPYLK L_WVZ\YL WVZLZ H WOV[VIPVSVNPJHS
ZHML[` YPZR [V \ZLYZ� <=.0 PZ H Z[LYPSPaH[PVU

4VIPSL <= YHKPVTL[LY ^P[O ZLWHYH[L
TLHZ\YPUN KL]PJL HUK KL[LJ[VY MVY
TLHZ\YPUN PYYHKPHUJL HUK KVZL VM
NLYTPJPKHS /N SHTWZ HUK <=�* 3,+Z

TL[OVK [OH[ \ZLZ <=�* SPNO[ [V IYLHR KV^U
TPJYVVYNHUPZTZ Z\JO HZ ]PY\ZLZ HUK IHJ[LYPH
I` HS[LYPUN [OLPY +5( HUK 95(� YLUKLYPUN
[OLT \UHISL [V YLWSPJH[L� ;OL NLYTPJPKHS
LMMLJ[P]LULZZ VM <=�* YHKPH[PVU KLWLUKZ VU P[Z
KVZL ��1�JT�� HUK ^H]LSLUN[O� ;OL KVZL PZ
KL[LYTPULK I` TLHZ\YPUN [OL PYYHKPHUJL
��>�JT�� HUK K\YH[PVU VM L_WVZ\YL� ;OL
LMMLJ[P]LULZZ VM NLYTPJPKHS HJ[P]P[` PZ
^H]LSLUN[O KLWLUKLU[ ^P[O H TH_PT\T
HYV\UK ��� UT ^OPJO THRLZ [OL WV[LU[PHS
NLYTPJPKHS LMÄJHJ` VM H]HPSHISL <=�* 3,+Z
NYLH[LY [OHU ��� UT LTPZZPVU /N SHTWZ�

;OL ?�����<=����� YHKPVTL[LY TLHZ\YLZ
<=�* PYYHKPHUJL V]LY H ]LY` ^PKL K`UHTPJ
YHUNL [V IL`VUK ��� T>�JTõ ^P[O H
YLZVS\[PVU VM ������ �>�JTõ� 0[ PZ JHSPIYH[LK
MVY P[Z ZWLJ[YHS YLZWVUZP]P[` MYVT ��� UT [V
��� UT� >H]LSLUN[O KLWLUKLU[ JHSPIYH[PVU
MHJ[VYZ NP]LU PU � UT PUJYLTLU[Z HYL
PUJVYWVYH[LK MVY TLHZ\YPUN <= 3,+Z ^P[O
RUV^U UVTPUHS ^H]LSLUN[O� (KKP[PVUHSS �̀ H
��� UT JHSPIYH[PVU PZ PUJS\KLK MVY /N SHTWZ HZ
^LSS HZ H NLULYHS W\YWVZL ��� UT [V � � UT
JHSPIYH[PVU MVY UVU�ZWLJPÄJ <=�* 3,+Z�

;OL ?����<=����� VMMLYZ Z\MÄJPLU[ ZLUZP[P]P[`
[V JOLJR MVY ZHML[` JVTWSPHUJL HUK [OL
LMMLJ[P]LULZZ VM WLYZVUHS WYV[LJ[PVU LX\PWTLU[
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�77,� PU HJJVYKHUJL ^P[O [OL HJJLW[LK
VJJ\WH[PVUHS L_WVZ\YL SPTP[ [V HJ[PUPJ <=
�0*5097�� ;OPZ YLX\PYLZ PYYHKPHUJL SL]LSZ [V IL
# ��� �>�JT� H[ ��� UT HUK # ��� �>�JT�
H[ ��� UT V]LY � OV\Y»Z L_WVZ\YL�

;OL OHUKOLSK TL[LY WYV]PKLZ H YLHS [PTL
KPZWSH` VM PYYHKPHUJL VY KVZL HUK PUJS\KLZ H
WLHR�OVSK M\UJ[PVU� ;OL KL]PJL TH` HSZV IL
VWLYH[LK ]PH P[Z <:) PU[LYMHJL� ,HJO TL[LY PZ
Z\WWSPLK ^P[O H [YHJLHISL JHSPIYH[PVU JLY[PÄJH[L
MYVT [OL .PNHOLY[a�6W[PR SHIVYH[VY �̀

(IV\[ .PNHOLY[a�6W[PR .TI/!
.PNHOLY[a�6W[PR .TI/ ^HZ MV\UKLK PU � ��
HZ HU PUKLWLUKLU[ JVTWHU` I` +PWS��0UN� �-/�
(U[VU .\NN�/LSTPUNLY HUK >VSMNHUN +pOU�
;OL JVU[PU\V\Z KL]LSVWTLU[ VM P[Z WYVK\J[
YHUNL OHZ YLZ\S[LK PU H JVTWYLOLUZP]L
ZLSLJ[PVU VM SPNO[ TLHZ\YLTLU[ KL]PJLZ� ÄULS`
[\ULK HJJLZZVY` WYVK\J[Z� HUK ZLY]PJLZ� >P[O
P[Z <: Z\IZPKPHY �̀ .PNHOLY[a�6W[PR 0UJ��
.PNHOLY[a�6W[PR .TI/ PZ H NSVIHS
THU\MHJ[\YLY VM TL[YVSVNPJHS ZVS\[PVUZ MVY
VW[PJHS YHKPH[PVU�KL]PJLZ� ÄULS` [\ULK
JVTWSLTLU[HY` WYVK\J[Z� HUK ZLY]PJLZ� ([
1HU\HY` �� ����� [OL )LYNOVM .TI/ OHZ
JVTWSL[LS` [HRLU V]LY [OL .PNHOLY[a�6W[PR
=LY[YPLIZNLZLSSZJOHM[ M�Y ;LJOUPZJOL 6W[PR
.TI/� � ^^ �̂NPNHOLY[a�VW[PR�KL�LU�\Z� "

+257,&8/785(

,2# 2ELEASES .EW
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;OL 3PNO[PUN 9LZLHYJO *LU[LY �39*� H[
9LUZZLSHLY 7VS`[LJOUPJ 0UZ[P[\[L OHZ
KL]LSVWLK H MYLL� LHZ`�[V�\ZL VUSPUL [VVS [OH[
^PSS HZZPZ[ NYV^LYZ [V L]HS\H[L [OL
WLYMVYTHUJL� LMÄJPLUJ �̀ HUK LJVUVTPJZ VM H
^PKL ]HYPL[` VM OVY[PJ\S[\YHS S\TPUHPYLZ� [`WPJHSS`
\ZLK PU NYLLUOV\ZLZ HUK V[OLY JVU[YVSSLK
HNYPJ\S[\YHS LU]PYVUTLU[Z� ;OPZ VUSPUL [VVS�
JHSSLK [OL OVY[PJ\S[\YL S\TPUHPYL JHSJ\SH[VY
HSSV^Z NYV^LYZ [V HJJ\YH[LS` JVTWHYL ZL]LYHS
S\TPUHPYLZ HUK ZLSLJ[ [OL VUL [OH[ ^PSS IL TVZ[
LMMLJ[P]L MVY [OLPY WHY[PJ\SHY HWWSPJH[PVU�

,SLJ[YPJ SPNO[PUN PZ LZZLU[PHS [V WYV]PKPUN
Z\WWSLTLU[HS SPNO[ PU THU` NYLLUOV\ZLZ HUK
PZ [OL VUS` ZV\YJL VM SPNO[ MVY PUKVVY HNYPJ\S[\YHS
LU]PYVUTLU[Z� ;OLZL SPNO[PUN Z`Z[LTZ HYL
L_[YLTLS` L_WLUZP]L [V W\YJOHZL HUK PUZ[HSS�
ZV P[ PZ PTWVY[HU[ MVY NYV^LYZ [V ZLSLJ[ H
SPNO[PUN Z`Z[LT [OH[ ^PSS WYV]PKL [OL TVZ[
LMMLJ[P]L SPNO[PUN MVY [OLPY HWWSPJH[PVU H[ [OL
SV^LZ[ V]LYHSS VWLYH[PUN JVZ[�

;OL OVY[PJ\S[\YL S\TPUHPYL JHSJ\SH[VY KL]LSVWLK
I` [OL 39*� PZ IHZLK VU H TL[YPJ JHSSLK
WOV[VZ`U[OL[PJ WOV[VU Å\_ KLUZP[` �77-+��
77-+ PZ HUHSVNV\Z [V WOV[VWPJ PSS\TPUHUJL VU
H ^VYR Z\YMHJL PU HU HYJOP[LJ[\YHS HWWSPJH[PVU�
1\Z[ HZ P[ PZ VUS` ]HSPK [V JVTWHYL [OL WV^LY

KLUZP[PLZ VM HS[LYUH[L SPNO[PUN Z`Z[LTZ H[ LX\HS
PSS\TPUHUJL SL]LSZ VU [OL ^VYR WSHUL� [OL
WV^LY KLUZP[PLZ VM HS[LYUH[L OVY[PJ\S[\YHS
S\TPUHPYLZ ZOV\SK VUS` IL JVTWHYLK ^OLU
[OL` WYV]PKL [OL ZHTL 77-+ VU [OL WSHU[
JHUVW �̀

.YV^LYZ JHU LHZPS` IL TPZSLK I` JVUZPKLYPUN
S\TPUHPYL LMÄJHJ` HSVUL� ^OLU ZLSLJ[PUN
SPNO[PUN WYVK\J[Z MVY OVY[PJ\S[\YHS HWWSPJH[PVUZ�
3\TPUHPYL LMÄJHJ` KVLZ UV[ [HRL PU[V HJJV\U[
PTWVY[HU[ MHJ[VYZ Z\JO HZ [OL S\TPUHPYL
PU[LUZP[` KPZ[YPI\[PVU� VW[PTHS S\TPUHPYL SH`V\[�
HUK [OL U\TILY VM S\TPUHPYLZ [OH[ ^PSS IL
YLX\PYLK [V YLHJO H JYP[LYPVU 77-+� (SS VM [OLZL
MHJ[VYZ HYL ZPNUPÄJHU[ ^OLU L]HS\H[PUN [OL
V]LYHSS JVZ[�LMMLJ[P]LULZZ VM ]HYPV\Z
OVY[PJ\S[\YL S\TPUHPYL VW[PVUZ� ;OL OVY[PJ\S[\YL

39*»Z OVY[PJ\S[\YL S\TPUHPYL JHSJ\SH[VY
WYV]PKLZ HU LHZ` ^H` MVY NYV^LYZ [V
JVUK\J[ JVTWSL[L Z`Z[LT LULYN` HUK
SPMLJ`JSL JVZ[ HUHS`ZLZ

S\TPUHPYL JHSJ\SH[VY HSSV^Z H NYV^LY [V
KL[LYTPUL [OL ILZ[ HYYHUNLTLU[ HUK
TV\U[PUN OLPNO[ VM LHJO S\TPUHPYL [OL` HYL
JVUZPKLYPUN� <ZPUN [OL JHSJ\SH[VY� NYV^LYZ JHU
KL[LYTPUL [OL U\TILY VM LHJO [`WL VM
S\TPUHPYL [OH[ ^PSS IL ULLKLK [V SPNO[ [OLPY
ZWHJL [V [OLPY KLZPYLK SPNO[ SL]LS� HUK ZLSLJ[
[OL WYVK\J[ [OH[ ^PSS WYV]PKL [OL VW[PT\T
SPNO[PUN� H[ [OL SV^LZ[ JVZ[� 0[ ^V\SK [HRL
ZL]LYHS KH`Z [V THRL [OLZL JHSJ\SH[PVUZ \ZPUN
[YHKP[PVUHS TL[OVKZ� ;OL OVY[PJ\S[\YL S\TPUHPYL
JHSJ\SH[VY KVLZ P[ PU H THUULY VM TPU\[LZ�

¹,ULYN` \ZL HUK SPMLJ`JSL JVZ[Z ]HY` ^PKLS`
HTVUN 3,+ SPNO[PUN Z`Z[LTZ \ZLK PU JVU[YVSSLK
LU]PYVUTLU[ OVY[PJ\S[\YL�¹ ZHPK 39* 7YVMLZZVY
+Y� 4HYR 9LH� ¹0[ OHZ ILLU [OL Z[HUKHYK
HWWYVHJO MVY THU` `LHYZ PU [OL ÄLSK VM
HYJOP[LJ[\YHS SPNO[PUN� HUK PZ ILJVTPUN YLHKPS`
HWWHYLU[ PU OVY[PJ\S[\YHS SPNO[PUN� [OH[ ^L T\Z[
JVUK\J[ JVTWSL[L Z`Z[LT LULYN` HUK SPMLJ`JSL
JVZ[ HUHS`ZLZ [V NLULYH[L HU HJJ\YH[L WPJ[\YL
VM ^OPJO [LJOUVSVN` ^V\SK ^VYR ILZ[ MVY LHJO
WHY[PJ\SHY HWWSPJH[PVU� ;OL OVY[PJ\S[\YL
S\TPUHPYL JHSJ\SH[VY WYV]PKLZ HU LHZ` ^H` MVY
NYV^LYZ [V THRL [OPZ KL[LYTPUH[PVU�¹

;OPZ WYVQLJ[ ^HZ M\UKLK I` 5H[\YHS 9LZV\YJLZ
*HUHKH HUK V[OLY TLTILYZ VM [OL 3PNO[PUN
,ULYN` (SSPHUJL� PUJS\KPUN ,MÄJPLUJ` =LYTVU[�
,ULYNPaL *VUULJ[PJ\[� 5H[PVUHS .YPK�
5VY[O^LZ[ ,ULYN` ,MÄJPLUJ` (SSPHUJL� HUK
*VT,K�

(JJLZZ [OL JHSJ\SH[VY H[
O[[WZ!��OVY[JHSJ�SYJ�YWP�LK\

(IV\[ [OL 3PNO[PUN 9LZLHYJO *LU[LY!
;OL 3PNO[PUN 9LZLHYJO *LU[LY �39*� H[
9LUZZLSHLY 7VS`[LJOUPJ 0UZ[P[\[L PZ [OL ^VYSK»Z
SLHKPUN JLU[LY MVY SPNO[PUN YLZLHYJO HUK
LK\JH[PVU� ,Z[HISPZOLK PU � �� I` [OL 5L^
@VYR :[H[L ,ULYN` 9LZLHYJO HUK +L]LSVWTLU[
(\[OVYP[` �5@:,9+(�� [OL 39* JVUK\J[Z
YLZLHYJO PU SPNO[ HUK O\THU OLHS[O�
[YHUZWVY[H[PVU SPNO[PUN HUK ZHML[ �̀ ZVSPK�Z[H[L
SPNO[PUN� LULYN` LMÄJPLUJ �̀ HUK WSHU[ OLHS[O�
39* SPNO[PUN ZJPLU[PZ[Z ^P[O T\S[PKPZJPWSPUHY`
L_WLY[PZL PU YLZLHYJO� [LJOUVSVN �̀ KLZPNU� HUK
O\THU MHJ[VYZ� JVSSHIVYH[L ^P[O H NSVIHS
UL[^VYR VM SLHKPUN THU\MHJ[\YLYZ HUK
NV]LYUTLU[ HNLUJPLZ� KL]LSVWPUN PUUV]H[P]L
SPNO[PUN ZVS\[PVUZ MVY WYVQLJ[Z [OH[ YHUNL MYVT
[OL )VLPUN ��� +YLHTSPULY [V <�:� 5H]`
Z\ITHYPULZ [V OVZWP[HS ULVUH[HS PU[LUZP]L�JHYL
\UP[Z� 0U �  �� [OL 39* ILJHTL [OL ÄYZ[
\UP]LYZP[` YLZLHYJO JLU[LY [V VMMLY NYHK\H[L
KLNYLLZ PU SPNO[PUN HUK [VKH �̀ VMMLYZ H 4�:� PU
SPNO[PUN HUK H 7O�+� [V LK\JH[L M\[\YL SLHKLYZ
PU SPNO[PUN� � O[[WZ!��^^ �̂SYJ�YWP�LK\

(IV\[ 9LUZZLSHLY 7VS`[LJOUPJ 0UZ[P[\[L!
-V\UKLK PU ����� 9LUZZLSHLY 7VS`[LJOUPJ
0UZ[P[\[L PZ (TLYPJH»Z ÄYZ[ [LJOUVSVNPJHS
YLZLHYJO \UP]LYZP[ �̀ 9LUZZLSHLY LUJVTWHZZLZ
Ä]L ZJOVVSZ� �� YLZLHYJO JLU[LYZ� TVYL [OHU
��� HJHKLTPJ WYVNYHTZ� HUK H K`UHTPJ
JVTT\UP[` THKL \W VM TVYL [OHU �� ��
Z[\KLU[Z HUK TVYL [OHU ������� SP]PUN HS\TUP�
9LUZZLSHLY MHJ\S[` HUK HS\TUP PUJS\KL TVYL
[OHU ��� 5H[PVUHS (JHKLT` TLTILYZ� ZP_
TLTILYZ VM [OL 5H[PVUHS 0U]LU[VYZ /HSS VM
-HTL� ZP_ 5H[PVUHS 4LKHS VM ;LJOUVSVN`
^PUULYZ� Ä]L 5H[PVUHS 4LKHS VM :JPLUJL
^PUULYZ� HUK H 5VILS 7YPaL ^PUULY PU 7O`ZPJZ�
>P[O ULHYS` ��� `LHYZ VM L_WLYPLUJL HK]HUJPUN
ZJPLU[PÄJ HUK [LJOUVSVNPJHS RUV^SLKNL�
9LUZZLSHLY YLTHPUZ MVJ\ZLK VU HKKYLZZPUN
NSVIHS JOHSSLUNLZ ^P[O H ZWPYP[ VM PUNLU\P[` HUK
JVSSHIVYH[PVU� � O[[WZ!��^^ �̂YWP�LK\� "

5(6($5&+
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;OL WPVULLYPUN KLZPNU [LHT H[ )HY[LUIHJO
\U]LPSZ H IYHUK�UL^ PU[LSSPNLU[ SPNO[PUN
JVUJLW[ ZL[ [V YL]VS\[PVUPaL ^VYRZWHJL
WLYZVUHSPaH[PVU� 0[ PZ ZL[ [V KLSP]LY H [Y\S`
\ZLY�JLU[YPJ� ^VYRZWHJL SPNO[PUN IS\LWYPU[ MVY
SPNO[PUN KLZPNULYZ [V [YHUZMVYT ^VYRZWHJLZ MVY
OLHS[OPLY SP]PUN� ;OL Z[VY` ILNHU ^P[O
)HY[LUIHJO»Z PU]VS]LTLU[ PU [OL 9LWYV�SPNO[
WYVQLJ[ JVUZVY[P\T� M\UKLK [OYV\NO [OL
,\YVWLHU *VTTPZZPVU»Z /VYPaVU ���� ^VYR
WYVNYHT� ;OL ZJVWL VM [OL WYVQLJ[� ¹;V
Z\JJLZZM\SS` PUP[PH[L [YHUZMVYTH[PVU PU [OL
,\YVWLHU 3,+ SPNO[PUN PUK\Z[Y �̀ I` JYLH[PUN [OL
»3\TPUHPYL VM [OL -\[\YL»�¹ 7HY[ VM [OPZ YLTP[
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^HZ [V KL]LSVW H UL^ J\Z[VTPaHISL SPNO[PUN
Z`Z[LT� )HY[LUIHJO HWWYVHJOLK [OPZ WYVQLJ[

;OL 7LYZVUHS ;HISL 3PNO[ LMMLJ[P]LS`
KLSP]LYZ \W [V ����� S\_ H[ L`L SL]LS�
TLHUPUN TPZZPUN KH`SPNO[ PZ
Z\WWSLTLU[LK

^P[O L_[LUZP]L \ZLY Z\Y]L`Z [V M\SS` \UKLYZ[HUK
[OL YLX\PYLTLU[ MVY IL[[LY SPNO[PUN� ;OL
YLZLHYJO YLZ\S[Z LZ[HISPZOLK [OL YLX\PYLTLU[
MVY HU LHZ` [V \ZL� J\Z[VTPaHISL SPNO[PUN
Z`Z[LT� -VSSV^PUN H TL[PJ\SV\Z KL]LSVWTLU[
WYVJLZZ HUK U\TLYV\Z WYV[V[`WLZ� [OL ÄUHS
YLZ\S[ JHSSLK [OL 7LYZVUHS ;HISL 3PNO[ �7;3� PZ
PTWYLZZP]L�

;OL 7;3 HJOPL]LZ L_JLW[PVUHS SPNO[PUN MVY
]PZPVU HUK OLHS[O H[ [OL ^VYRWSHJL� HUK PZ M\SS`
WLYZVUHSPaHISL� =PZ\HS WLYMVYTHUJL PZ WLYMLJ[S`
Z\WWVY[LK HZ IV[O ]LY[PJHS HUK OVYPaVU[HS
^VYRZWHJL Z\YMHJLZ HYL SP[ ZLWHYH[LS �̀ HUK
PSS\TPUHUJL SL]LSZ HYL JVU[YVSSLK HSVUN ^P[O
SPNO[ JVSV\Y [LTWLYH[\YLZ� HUK SPNO[
KPZ[YPI\[PVUZ� -\Y[OLYTVYL� [OL 7;3 LMMLJ[P]LS`
KLSP]LYZ \W [V ���� S\_ H[ L`L SL]LS� TLHUPUN
TPZZPUN KH`SPNO[ PZ Z\WWSLTLU[LK HUK PZ HISL
[V L_LY[ UVU�]PZ\HS LMMLJ[Z VU TVVK� HSLY[ULZZ�
WLYMVYTHUJL HUK UPNO[ [PTL ZSLLW� ;OL 7;3
HSZV HSSV^Z M\SS J\Z[VTPaH[PVU VM ZJLULZ I` [OL
\ZLY ]PH H KLZR[VW HWWSPJH[PVU�

,X\PWWLK ^P[O ZPUNSL�WVPU[ 3,+ JVU[YVSZ HUK H
OPNOS` PUUV]H[P]L ZLUZVY [LJOUVSVN` [OH[
YLJVNUPaLZ [OL HJ[\HS HJ[P]P[` VM [OL \ZLY�
SPNO[PUN ZJLULZ HKQ\Z[ KPZJYLL[S` HUK
H\[VTH[PJHSS` HJJVYKPUN [V JOHUNPUN ]PZ\HS
HJ[P]P[PLZ�

(KKP[PVUHSS �̀ LU]PYVUTLU[HS X\HSP[` PZ HZZLZZLK
JVU[PU\V\ZS` I` HTIPLU[ [LTWLYH[\YL�
O\TPKP[ �̀ HPY WYLZZ\YL� ]VSH[PSL VYNHUPJ
JVTWV\UKZ� HUK ZV\UK SL]LS ZLUZVYZ�
;OLYLMVYL� [OL S\TPUHPYL \ZLZ OPNOS`
Z[HUKHYKPaLK 0;�WYV[VJVSZ� ^OPJO LUHISL HU
LHZ` PU[LNYH[PVU VM ULHYS` HSS ZLUZVYZ H]HPSHISL
VU [OL THYRL[�

-PUHSS �̀ \ZPUN JSV\K JVUULJ[P]P[ �̀ \ZLY HJ[P]P[PLZ
JHU VW[PVUHSS` IL YLJVYKLK ^OPJO HSSV^Z HU
VU�NVPUN VW[PTPaH[PVU VM [OL SPNO[PUN Z`Z[LT
[HPSVYLK [V PUKP]PK\HS ULLKZ�

;OL HWWSPJH[PVU WVZZPIPSP[PLZ VM [OL 7;3 HYL
U\TLYV\Z HUK YHUNL MYVT Z[\KLU[ HYLHZ�
VMÄJLZ� [V TLKPJHS HUK THU\MHJ[\YPUN
^VYRZWHJLZ�

;OL M\[\YL VM O\THU JLU[YPJ SPNO[PUN OHZ

HYYP]LK� >P[O WH[LU[ WLUKPUN� [OL 7;3 OHZ [OL
WV[LU[PHS [V [YHUZMVYT ^VYRZWHJL SPNO[PUN� ;V
TLHZ\YL LMMLJ[Z VM [OPZ PUUV]H[P]L SPNO[PUN
Z`Z[LT VU O\THU ILPUNZ� PTWHJ[ YLZLHYJO PZ
J\YYLU[S` ILPUN JVUK\J[LK PU [^V SHIVYH[VY`
Z[\KPLZ HUK H T\S[P�JLU[LYLK ÄLSK Z[\K �̀

-VY HKKP[PVUHS PUMVYTH[PVU VU 7;3� WSLHZL ZLL
O[[WZ!��`V\[\�IL�`@`N@AR\T� �̂ ]PZP[ [OL
9LWYV�3PNO[ >LIZP[L VY JVU[HJ[ )HY[LUIHJO H[
JOPHYH�TLZZPUH'IHY[LUIHJO�JVT

;OPZ WYVQLJ[ OHZ YLJLP]LK M\UKPUN MYVT [OL
,\YVWLHU <UPVU»Z /VYPaVU ���� YLZLHYJO HUK
PUUV]H[PVU WYVNYHTTL \UKLY NYHU[ HNYLLTLU[
5V �������

(IV\[ )HY[LUIHJO!
)HY[LUIHJO PZ HU H^HYK ^PUUPUN SPNO[PUN
KLZPNU HUK YLZLHYJO JVUZ\S[HUJ` ULZ[SLK PU
[OL TV\U[HPUZ HIV]L 0UUZIY\JR� ( [LHT VM
HYJOP[LJ[Z� WO`ZPJPZ[Z� WZ`JOVSVNPZ[Z HUK
KLZPNULYZ MVYNPUN PUKP]PK\HS SPNO[PUN ZVS\[PVUZ�
;OPZ PU[LYKPZJPWSPUHY` [LHT PZ WYV\K [V IL WHY[
VM [OL PU[LYUH[PVUHS ZJPLU[PÄJ JVTT\UP[`
UL[^VYR� HS^H`Z H[ [OL J\[[PUN LKNL VM
YLZLHYJO� � ^^ �̂IHY[LUIHJO�JVT�LU�

(IV\[ 9LWYV�3PNO[ *VUZVY[P\T!
;OL 9LWYV�SPNO[ JVUZVY[P\T JVUZPZ[Z VM SLHKPUN
,\YVWLHU L_WLY[Z PUJS\KPUN" ;903<?� H KYP]PUN
MVYJL VM [OL ,\YVWLHU SPNO[PUN PUK\Z[Y �̀
JVTWVULU[Z THU\MHJ[\YLYZ PUJS\KPUN )1)�
.YHKV ALYV ,ZWHJL� HUK 9VOULY ,UNPULLYPUN�
PUUV]H[P]L TLTILYZ VM [OL SPNO[PUN PUK\Z[Y �̀
)HY[LUIHJO HUK 3\NLY 9LZLHYJO� HZ ^LSS HZ
L_WLY[Z PU SPNO[PUN Z\Z[HPUHIPSP[` HUK 3PML *`JSL
(ZZLZZTLU[ 09,* HUK 4VUKYHNVU <UP]LYZP[`
^OV HYL WYVTPULU[ PU :VJPHS :JPLUJLZ� �
^^ �̂YLWYV�SPNO[�L\� "

!USTRIAN 4ECH 5NIVERSITY 'RAZ
2EVOLUTIONIZES �$ -ETAL
0RINTING 5SING ,%$S

( [LJOUVSVN` KL]LSVWLK H[ .YHa <UP]LYZP[` VM
;LJOUVSVN` \ZLZ 3,+ PUZ[LHK VM SHZLY ZV\YJLZ
MVY [OL HKKP[P]L THU\MHJ[\YPUN VM TL[HS WHY[Z
HUK VW[PTPaLZ �+ TL[HS WYPU[PUN PU [LYTZ VM
JVUZ[Y\J[PVU [PTL� TL[HS WV^KLY JVUZ\TW[PVU�
LX\PWTLU[ JVZ[Z HUK WVZ[�WYVJLZZPUN LMMVY[�
:LSLJ[P]L 3,+�IHZLK TLS[PUN �:3,+4� ¶ P�L�
[OL [HYNL[LK TLS[PUN VM TL[HS WV^KLY \ZPUN
OPNO�WV^LY 3,+ SPNO[ ZV\YJLZ ¶ PZ [OL UHTL VM
[OL UL^ [LJOUVSVN` [OH[ H [LHT SLK I` -YHUa
/HHZ� OLHK VM [OL 0UZ[P[\[L VM 7YVK\J[PVU
,UNPULLYPUN H[ ;< .YHa� OHZ KL]LSVWLK MVY �+
TL[HS WYPU[PUN HUK OHZ UV^ HWWSPLK MVY H
WH[LU[� ;OL [LJOUVSVN` PZ ZPTPSHY [V ZLSLJ[P]L
SHZLY TLS[PUN �:34� HUK LSLJ[YVU ILHT TLS[PUN
�,)4�� PU ^OPJO TL[HS WV^KLY PZ TLS[LK I`
TLHUZ VM H SHZLY VY LSLJ[YVU ILHT HUK I\PS[ \W
PU[V H JVTWVULU[ SH`LY I` SH`LY� /V^L]LY�
:3,+4 ZVS]LZ [^V JLU[YHS WYVISLTZ VM [OLZL
WV^KLY ILK�IHZLK THU\MHJ[\YPUN WYVJLZZLZ!
[OL [PTL�JVUZ\TPUN WYVK\J[PVU VM

;OL �+ WYPU[LY KL]LSVWLK H[ ;< .YHa
TLS[Z TL[HS WV^KLY \ZPUN
OPNO�WLYMVYTHUJL 3,+ SPNO[ ZV\YJLZ HUK
[OLU WYVJLZZLZ P[ PU[V JVTWVULU[Z PU
HKKP[P]L THU\MHJ[\YPUN �*YLKP[Z! ;< .YHa�

SHYNL�]VS\TL TL[HS JVTWVULU[Z HUK [OL
[PTL�JVUZ\TPUN THU\HS WVZ[�WYVJLZZPUN�

9LK\JLK WYVK\J[PVU [PTL
<USPRL [OL :34 VY ,)4 WYVJLZZLZ� [OL
:3,+4 WYVJLZZ \ZLZ H OPNO�WV^LY 3,+ ILHT
[V TLS[ [OL TL[HS WV^KLY� ;OL SPNO[�LTP[[PUN
KPVKLZ \ZLK MVY [OPZ W\YWVZL ^LYL ZWLJPHSS`
HKHW[LK I` [OL ^LZ[ :[`YPHU SPNO[PUN ZWLJPHSPZ[
7YL^VYRZ HUK LX\PWWLK ^P[O H JVTWSL_ SLUZ
Z`Z[LT I` ^OPJO [OL KPHTL[LY VM [OL 3,+
MVJ\Z JHU IL LHZPS` JOHUNLK IL[^LLU ����
HUK �� TPSSPTL[YLZ K\YPUN [OL TLS[PUN WYVJLZZ�
;OPZ LUHISLZ [OL TLS[PUN VM SHYNLY ]VS\TLZ WLY
\UP[ VM [PTL ^P[OV\[ OH]PUN [V KPZWLUZL ^P[O
ÄSPNYLL PU[LYUHS Z[Y\J[\YLZ� [O\Z YLK\JPUN [OL
WYVK\J[PVU [PTL VM JVTWVULU[Z MVY M\LS JLSS VY
TLKPJHS [LJOUVSVN �̀ MVY L_HTWSL� I` H MHJ[VY
VM �� VU H]LYHNL�

;LKPV\Z YL^VYRPUN PZ UV SVUNLY ULJLZZHY`
;OPZ [LJOUVSVN` PZ JVTIPULK ^P[O H UL^S`
KLZPNULK WYVK\J[PVU WSHU[ ^OPJO ¶ PU JVU[YHZ[
[V V[OLY TL[HS TLS[PUN WSHU[Z ¶ HKKZ [OL
JVTWVULU[ MYVT [VW [V IV[[VT� ;OL
JVTWVULU[ PZ [O\Z L_WVZLK� [OL YLX\PYLK
HTV\U[ VM WV^KLY PZ YLK\JLK [V H TPUPT\T
HUK [OL ULJLZZHY` WVZ[�WYVJLZZPUN JHU IL
JHYYPLK V\[ K\YPUN [OL WYPU[PUN WYVJLZZ�

¹;OL [PTL�JVUZ\TPUN�
\Z\HSS` THU\HS
YL^VYRPUN [OH[ PZ
ULJLZZHY` ^P[O J\YYLU[
TL[OVKZ� MVY L_HTWSL�
ZTVV[OPUN YV\NO
Z\YMHJLZ HUK YLTV]PUN
Z\WWVY[PUN Z[Y\J[\YLZ� PZ
UV SVUNLY ULJLZZHY` HUK
ZH]LZ M\Y[OLY ]HS\HISL
[PTL�¹
-9(5A /((:� /,(+ 6- ;/, 05:;0;<;, 6-
796+<*;065 ,5.05,,905. (; ;< .9(A
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;OL 0UZ[P[\[L VM 7YVK\J[PVU ,UNPULLYPUN HUK
[OL 0UZ[P[\[L VM 4H[LYPHSZ :JPLUJL� 1VPUPUN HUK
-VYTPUN HYL J\YYLU[S` ^VYRPUN PU[LUZP]LS` VU
[OL ZL[�\W VM [OLPY V^U HKKP[P]L THU\MHJ[\YPUN
SHIVYH[VY �̀ [OL (KK3HI'[\NYHa�

-PLSKZ VM HWWSPJH[PVU HUK M\Y[OLY WSHUZ
( KLTVUZ[YH[VY VM [OL :3,+4 WYVJLZZ PZ
HSYLHK` ILPUN JVUZPKLYLK PU [OL 2�7YVQLJ[
*(4LK VM [OL 4LKPJHS <UP]LYZP[` VM .YHa�
^OLYL [OL ÄYZ[ SHIVYH[VY` MVY TLKPJHS �+
WYPU[PUN ^HZ VWLULK PU 6J[VILY ��� � ;OL
WYVJLZZ ^PSS IL \ZLK [V WYVK\JL IPVYLZVYIHISL
TL[HS PTWSHU[Z� P�L� WYLMLYHIS` ZJYL^Z THKL VM
THNULZP\T HSSV`Z [OH[ HYL \ZLK MVY IVUL
MYHJ[\YLZ� ;OLZL PTWSHU[Z KPZZVS]L PU [OL IVK`
HM[LY [OL MYHJ[\YL ZP[L OHZ NYV^U [VNL[OLY� (
ZLJVUK VWLYH[PVU� ^OPJO PZ VM[LU ]LY` Z[YLZZM\S
MVY WLVWSL� PZ [OLYLMVYL UV SVUNLY ULJLZZHY �̀
;OHURZ [V :3,+4� [OL WYVK\J[PVU VM Z\JO
PTWSHU[Z ^V\SK IL WVZZPISL KPYLJ[S` PU [OL
VWLYH[PUN [OLH[YL� ILJH\ZL ¹HU 3,+ SPNO[ PZ
UH[\YHSS` SLZZ KHUNLYV\Z MVY [OL VWLYH[PVU [OHU
H WV^LYM\S SHZLY ZV\YJL�¹ ZH`Z /HHZ�

;OL ZLJVUK MVJ\Z PZ VU Z\Z[HPUHISL TVIPSP[ �̀
UHTLS` [OL WYVK\J[PVU VM JVTWVULU[Z Z\JO HZ
IPWVSHY WSH[LZ MVY M\LS JLSSZ VY JVTWVULU[Z MVY
IH[[LY` Z`Z[LTZ� ¹>L ^HU[ [V THRL HKKP[P]L
THU\MHJ[\YPUN \ZPUN :3,+4 LJVUVTPJHSS`
]PHISL MVY L�TVIPSP[` HUK WVZP[PVU :3,+4 PU
[OPZ ÄLSK VM YLZLHYJO H[ HU LHYS` Z[HNL�¹ ZH`Z
/HHZ� ^OV ^PSS WYVK\JL H THYRL[HISL
WYV[V[`WL VM [OPZ �+ TL[HS WYPU[LY � ¹THKL I`
;< .YHa¹ � PU [OL UL_[ KL]LSVWTLU[ Z[LW! H
M\Y[OLY PUUV]H[PVU PU [OL \UP]LYZP[`
LU]PYVUTLU[�

;OL :3,+4 WYVJLZZ ^HZ KL]LSVWLK PU [OL
-V, ¹4VIPSP[`  7YVK\J[PVU¹� VUL VM Ä]L
ZJPLU[PÄJ YLZLHYJO MVJP VM .YHa <UP]LYZP[` VM
;LJOUVSVN �̀

0U 7SHUL[ 9LZLHYJO� -YHUa /HHZ [LSSZ TVYL
HIV\[ [OL WYVQLJ[ �^P[O ]PKLV�� ;V SLHYU TVYL
HIV\[ [OL WHY[ULY JVTWHU` HUK SPNO[PUN
ZWLJPHSPZ[ 7YL^VYRZ HUK [OL � -V, ¹4VIPSP[` 
7YVK\J[PVU� WSLHZL ]PZP[
WYL^VYRZ�H[�PUKL_�WOW�LU� HUK
^^ �̂[\NYHa�H[�LU�YLZLHYJO�MVYZJO\UNZZJO^LYW\UR[L�
��ÄLSKZ�VM�L_WLY[PZL�TVIPSP[`�
WYVK\J[PVU�V]LY]PL^�TVIPSP[`�WYVK\J[PVU�
YLZWLJ[P]LS �̀ "

3EOUL 6IOSYS AND 3%4I�S
6IOLEDS 4ECHNOLOGY 0ROVES
����� 3TERILIZATION OF
#ORONAVIRUS �#/6)$��	 IN ��
3ECONDS

:LV\S =PVZ`Z HUK :LUZVY ,SLJ[YVUPJ
;LJOUVSVN �̀ 0UJ� �¹:,;P¹�� SLHKPUN NSVIHS
PUUV]H[VYZ VM <= 3,+ WYVK\J[Z HUK
[LJOUVSVN �̀ HUUV\UJLK [OH[ P[ OHZ ILLU
Z\JJLZZM\S PU HJOPL]PUN   � � Z[LYPSPaH[PVU VM
JVYVUH]PY\Z �*6=0+�� � PU �� ZLJVUKZ� ;LZ[Z

^LYL JVUK\J[LK ^P[O [OL YLZLHYJO NYV\W VM
2VYLH <UP]LYZP[ �̀ 2VYLH»Z [VW YHURLK \UP]LYZP[ �̀
I` \ZPUN H JVTWV\UK ZLTPJVUK\J[VY =PVSLKZ
[LJOUVSVN` [OH[ PZ ILPUN THZZ�WYVK\JLK� (Z

(JJVYKPUN [V :LV\S :LTPJVUK\J[VY�
:LV\S =PVZ`Z HUK YLZLHYJOLYZ MYVT [OL
2VYLH <UP]LYZP[ �̀ �� ZLJVUKZ VM <= SPNO[
MYVT =PVSLKZ TPNO[ IL Z\MÄJPLU[ [V
KLZ[YV`   � � VM JVYVUH]PY\Z �*6=0+�� �

*6=0+�� ZWYLHK [OYV\NOV\[ [OL ^VYSK� :,;P
HUK :LV\S =PVZ`Z� [OL MV\Y[O�SHYNLZ[ NSVIHS
3,+ THRLY VM :LV\S :LTPJVUK\J[VY»Z
HMÄSPH[LZ� KL]V[LK YLZV\YJLZ [V ZOV^ OV^
=PVSLKZ [LJOUVSVN` JHU KPYLJ[S` Z[LYPSPaL [OL
]PY\Z� ;OL NVHS OHZ HS^H`Z ILLU [V WYV]PKL
[LJOUVSVN` MVY H JSLHULY ^VYSK� HUK [OPZ
PUJS\KLZ TPUPTPaPUN [OL ZWYLHK VM *6=0+�� �
^OPSL [OL JVTWHU` ^PSS X\PJRS` VMMLY Z[YVUN
Z[LYPSPaH[PVU ZVS\[PVUZ MVY JVYVUH]PY\Z PU HPY HZ
^LSS HZ Z\YMHJL VM NVVKZ Z\JO HZ MHJPHS THZRZ
HUK ZTHY[WOVULZ�

0U [OL Z[\K` I` :,;P HUK :LV\S =PVZ`Z� =PVSLKZ
[LJOUVSVN` PZ \ZLK [V ZOV^ Q\Z[ OV^ Z[YVUN
[OL Z[LYPSPaH[PVU LMMLJ[ JHU IL VU *6=0+�� 
^OLU L_WVZLK [V =PVSLKZ WOV[VUZ MVY ��
ZLJVUKZ� ;OL Z[\K` HSZV ÄUKZ [OL JVYVUH]PY\Z
ILJVTLZ L]LU TVYL Z[LYPSL ^OLU WSHJLK
JSVZLY [V [OL WOV[VU ^P[O SVUNLY L_WVZ\YL
[PTL� 0U HKKP[PVU [V [LZ[PUN [OL JVYVUH]PY\Z� [OL
=PVSLKZ [LJOUVSVN` HSZV WYV]LK [V IL
Z\JJLZZM\S PU Z[LYPSPaPUN   � � VM V[OLY OHYTM\S
IHJ[LYPH Z\JO HZ ,ZJOLYPJOPH JVSP�
:[HWO`SVJVJJ\Z (\YL\Z� 7ZL\KVTVUHZ
(LY\NPUVZH� 2SLIZPLSSH 7UL\TVUSHL� HUK
:HSTVULSSH ;̀ WOPT\YP\T�

(IV\[ :LV\S =PVZ`Z!
:LV\S =PVZ`Z PZ H M\SS�SPUL ZVS\[PVU WYV]PKLY MVY
<= 3,+� =*:,3 �=LY[PJHS *H]P[` :\YMHJL
,TP[[PUN 3HZLY�� [OL UL_[�NLULYH[PVU SPNO[
ZV\YJL MVY �+ ZLUZVY HUK SHZLY� HUK H
ZPUNSL�WP_LS 9.) ¹4PJYV *SLHU 7P_LS¹ MVY
KPZWSH`Z� ,Z[HISPZOLK PU ���� HZ H Z\IZPKPHY`
VM :LV\S :LTPJVUK\J[VY� P[ JHW[\YLK 5V� �
THYRL[ ZOHYL PU [OL <= 3,+ PUK\Z[Y`
�3,+PUZPKL� ������ :LV\S =PVZ`Z OHZ HU
L_[LUZP]L <= 3,+ WVY[MVSPV ^P[O HSS
^H]LSLUN[OZ YHUNL ����UT [V ����UT�
PUJS\KPUN \S[YH]PVSL[ YH`Z �<=�� ]PZPISL YH`Z HUK
PUMYHYLK YH`Z� 0[ OVSKZ TVYL [OHU ����� WH[LU[Z
YLSH[LK [V <= 3,+ [LJOUVSVN �̀ =PVSLKZ� P[Z
ÅHNZOPW <= 3,+ [LJOUVSVN �̀ WYV]PKLZ H ^PKL
YHUNL VM PUK\Z[YPLZ ^P[O VW[PTHS ZVS\[PVUZ MVY
Z[YVUN Z[LYPSPaH[PVU HUK KPZPUMLJ[PVU �<=*�� ZRPU
YLNLULYH[PVU �<=)�� ^H[LY�HPY W\YPÄJH[PVU HUK
LMMLJ[P]L J\S[P]H[PVU MVY OVY[PJ\S[\YL� 0U �����
:LV\S =PVZ`Z HJX\PYLK 9H`*HU� H SLHKPUN

VW[VLSLJ[YVUPJ ZWLJPHSPZ[� [V HKK [OL HK]HUJLK
=*:,3 [LJOUVSVN` ^OPJO Z\WWVY[Z
ZTHY[WOVUL MHJPHS YLJVNUP[PVU HUK
H\[VUVTV\Z KYP]PUN� HUK OHZ Z[HY[LK P[Z THZZ
WYVK\J[PVU� 0U 1HU\HY` ����� P[ PU[YVK\JLK H
KPZY\W[P]L ¹4PJYV *SLHU 7P_LS¹ [OH[ OHZ [OL
WV[LU[PHS [V IL H NHTL�JOHUNLY PU [OL KPZWSH`
THYRL[� ;V SLHYU TVYL� ]PZP[
O[[W!��^^ �̂ZLV\S]PVZ`Z�JVT�LU�

(IV\[ :,;P!
:LUZVY ,SLJ[YVUPJ ;LJOUVSVN �̀ PUJ� �:,;P�� H
KP]PZPVU VM :LV\S :LTPJVUK\J[VY HUK :LV\S
=PVZ`Z� PZ H JVTWHU` IHZLK PU *VS\TIPH�
:V\[O *HYVSPUH� MV\UKLK PU �   I` MV\Y
7O�+�� MVY YLZLHYJO HUK KL]LSVWTLU[ VM
JVTWV\UK ZLTPJVUK\J[VYZ PU [OL <UP[LK
:[H[LZ� 0U ����� :,;P YLJLP]LK [OL PU]LZ[TLU[
HUK 9+ M\UK MYVT :LV\S :LTPJVUK\J[VY HUK
:LV\S]PVZ`Z� -VY [OL KL]LSVWTLU[ WYVQLJ[�
:,;P PZ HSZV ^VYRPUN ^P[O [OL <UP]LYZP[` VM
:V\[O *HYVSPUH HUK [OL <UP]LYZP[` VM *HSPMVYUPH
H[ :HU[H )HYIHYH� HKKPUN KLW[O [V P[Z YLZLHYJO
HUK KL]LSVWTLU[� "
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7(&+1,&$/ 5(*8/$725< &203/,$1&( 83'$7(

6HJPHQW 3URGXFW
6WDQGDUG
�&HUWL¾FDWLRQ� 5HJLRQ 7HFKQLFDO 5HJXODWRU\ &RPSOLDQFH ,QIRUPDWLRQ

:HML[` :LSM�)HSSHZ[LK
3,+ 3HTWZ

6YKLY 5V�
�� ��������

;HP^HU 6YKLY 5V�! �� �������� ^OPJO ^HZ W\ISPZOLK VU � [O VM 4HYJO ���� KLÄULZ YLSL]HU[ SLNHS
PUZWLJ[PVU YLX\PYLTLU[Z HUK PUZWLJ[PVU P[LTZ MVY ZLSMIHSSHZ[LK 3,+ SHTWZ� ;OL VYKLY JHTL PU[V
MVYJL VU [OL ZHTL KH �̀ ;OL VYKLY W\ISPZOLK I` ;HP^HU ):40 JSHYPÄLZ [OL MVSSV^PUN [VWPJZ!
;LZ[ P[LTZ PU *5: ��������� ^OPJO HYL HWWSPJHISL MVY 3,+ SHTWZ [OH[ HYL JHWHISL [V ZLUZL
TV[PVU!
� LSLJ[YPJHS JOHYHJ[LYPZ[PJZ �^P[OV\[ ÅPJRLYPUN�
� SPNO[ V\[W\[ �^P[OV\[ S\TPUV\Z LMÄJPLUJ`�
� JOYVTH JOHYHJ[LYPZ[PJZ
(SS P[LTZ ^OPJO ^LYL UV[ [LZ[LK T\Z[ UV[ IL THYRLK ^P[O [OL Z[HUKHYK� 5LP[OLY VU [OL WYVK\J[�
UVY ^P[OPU [OL THU\HS UVY VU [OL WHJRHNPUN� 3,+ SHTW WYVK\J[Z ^P[O H NYLH[LY YH[LK WV^LY [OHU
��> VY H SHTW JHW ^OPJO PZ UV[ TLU[PVULK PU [OL *5: ����� OH]L [V JVTWS` ^P[O [OL YLSL]HU[
PUZWLJ[PVU YLN\SH[PVUZ� ;OL TLHZ\YLK ]HS\LZ HYL HSSV^LK [V IL VUS` ��� SV^LY [OHU [OL PUKPJH[LK
]HS\LZ�

:HML[` +�*� VY (�*�
:\WWSPLK
,SLJ[YVUPJ
*VU[YVS .LHY
-VY 3,+
4VK\SLZ

;0: ���� ;OHPSHUK ;OL ;OHP 4PUPZ[Y` VM 0UK\Z[Y` HUUV\UJLK VU ��[O VM 4HYJO ���� [OL PU[YVK\J[PVU VM [OL UL^
PUK\Z[YPHS Z[HUKHYK ;0: ����ò���� MVY [OL WHY[PJ\SHY YLX\PYLTLU[Z YLNHYKPUN SHTW JVU[YVS NLHYZ MVY
+* VY (* Z\WWSPLK LSLJ[YVUPJ JVU[YVS NLHYZ MVY 3,+ TVK\SLZ \UKLY [OL 0UK\Z[YPHS 7YVK\J[
:[HUKHYKZ (J[�
;OL UL^ Z[HUKHYK ZWLJPÄLZ ZHML[` YLX\PYLTLU[Z MVY LSLJ[YVUPJ JVU[YVS NLHY MVY \ZL VU +*� (*
Z\WWSPLZ UV[ L_JLLKPUN �.���= �HS[LYUH[PUN J\YYLU[ H[ ��/a VY ��/a� HUK H[ HU V\[W\[ MYLX\LUJ`
^OPJO JHU KL]PH[L MYVT [OL Z\WWS` MYLX\LUJ �̀ MVY [OL \ZL ^P[O 3,+ TVK\SLZ� ;OL Z[HUKHYK YLMLYZ
[V [OL 0,* ������� HUK [OL 0,* ����� JV]LYZ [OL WLYMVYTHUJL YLX\PYLTLU[Z VM [OL KLZJYPILK HUK
KLÄULK WYVK\J[Z�

:HML[` ,X\PWTLU[
MVY NLULYHS
SPNO[PUN
W\YWVZLZ

0,* �����!����
,KP[PVU ���
������������

>VYSK�
,\YVWL

,X\PWTLU[ MVY NLULYHS SPNO[PUN W\YWVZLZ ¶ ,4* PTT\UP[` YLX\PYLTLU[Z THPU JOHUNLZ HYL!
H� L_[LUZPVU VM ZJVWL ^P[O LUK�\ZLY YLWSHJLHISL TVK\SLZ HUK [OL JVTIPUH[PVU VM LUK�\ZLY

YLWSHJLHISL TVK\SL HUK PUKLWLUKLU[ H\_PSPHY`"
I� JSHYPÄJH[PVU VM TVK\SL [LZ[PUN PU H OVZ[ Z`Z[LT"
J� PUJYLHZLK ,:+ HUK Z\YNL [LZ[ SL]LSZ MVY YVHK HUK Z[YLL[ SPNO[PUN LX\PWTLU["
K� [OL PU[YVK\J[PVU VM ,:+ [LZ[PUN \UKLY UVYTHS VWLYH[PVU HUK OHUKSPUN JVUKP[PVUZ"
L� YLTV]HS VM SPUL [V NYV\UK Z\YNL [LZ[ MVY ZLSM�IHSSHZ[LK SHTWZ ≤ ��>�

:HML[` 6YNHUPJ SPNO[
LTP[[PUN
KPVKL �63,+�
SPNO[ ZV\YJLZ
MVY NLULYHS
SPNO[PUN

0,* �������!����
79= �WYL�YLSLHZLK
]LYZPVU�
,KP[PVU ���
������������

>VYSK�
,\YVWL

6YNHUPJ SPNO[ LTP[[PUN KPVKL �63,+� SPNO[ ZV\YJLZ MVY NLULYHS SPNO[PUN ¶ :HML[` ¶ 7HY[ �! .LULYHS
YLX\PYLTLU[Z HUK [LZ[Z�
;OPZ Z[HUKHYK JV]LYZ NLULYHS ZHML[` YLX\PYTLU[Z VM 63,+ WYVK\J[Z MVY \ZL VU +* VY (* Z\WWS �̀
:WLJPÄJ 63,+ WYVK\J[Z ^PSS IL JV]LYLK I` H WHY[ � [OH[ PZ [V IL W\ISPZOLK I\[ ^OLU UV WHY[ � PZ
JV]LYLPUN H 63,+ WYVK\J[ [OLU [OPZ WHY[ � PZ HWWSPJHISL� 0[ JV]LYZ! THYRPUN� JVUZ[Y\J[PVU�
TLJOHUPJHS OHaHYKZ� [OLYTHS Z[YLZZ� MH\S[ JVUKP[PVUZ� TH[LYPHS YLX\PYTLU[Z HUK WOV[V IPVSVNPJHS
ZHML[ �̀ 0[ HSZV WYV]PKLZ HU HUUL_ MVY PUMVYTH[PVU VU S\TPUHPYL KLZPNU�

:HML[` *VU[YVSNLHY
MVY 3,+
TVK\SLZ

0,* �����!����
79= �WYL�YLSLHZLK
]LYZPVU�
,KP[PVU ���
������������

>VYSK�
,\YVWL

+* VY (* Z\WWSPLK LSLJ[YVUPJ JVU[YVSNLHY MVY 3,+ TVK\SLZ ¶ 7LYMVYTHUJL YLX\PYLTLU[Z�
4HPU JOHUNLZ ^PSS IL!
� ZJVWL L_[LUZPVU �KPYLJ[ J\YYLU[ MYVT ���= [V ����=�"
� UL^ ZWLJPÄJH[PVUZ MVY TLHZ\YPUN [OL WV^LY MHJ[VY MVY JVU[YVSNLHY ^P[O ZL[[HISL�UVU�JVUZ[HU[

V\[W\[ �MVY PUZ[HUJL� [V HSSV^ MVY JVUZ[HU[ SPNO[ V\[W\[�"
� KLSL[PVU VM H\KPV MYLX\LUJ` YLX\PYLTLU[Z"
� ZLSLJ[PVU VM J\YYLU[ [LZ[ JPYJ\P[ I` TVK\SL JHWHJP[HUJL �PUZ[LHK VM ZLSLJ[PUN I` OH]PUN VY UV[

OH]PUN SVNPJ JPYJ\P[Y`� WS\Z [LZ[ JPYJ\P[ ZL[\W JOHUNLZ�

,ULYN`
,MÄJPLUJ`

3PNO[PUN
WYVK\J[Z

�,<� ��� ����� >VYSK�
,\YVWL

;OL ,< W\ISPZOLK H JVYYPNLUKH VU ��������� PU [OL 61! ,Y7 YLN\SH[PVU �,<� ��� ����� MVY 3PNO[
ZV\YJLZ HUK ZLWHYH[L JVU[YVS NLHY�
*OHUNLZ!
� *OYVTH[PJP[` JVVYKPUH[LZ JVYYLJ[LK
� /33: J�MHJ[VY JVYYLJ[LK
� *VU[YVS NLHY LMÄJPLUJ` MVYT\SHY JVYYLJ[LK

'LVFODLPHU! ;OL MVSSV^PUN PUMVYTH[PVU PZ YLZLHYJO ^VYR VM ;l= :l+ 7YVK\J[ :LY]PJL HUK PZ PU[LUKLK MVY NLULYHS PUMVYTH[PVU W\YWVZLZ VUS �̀ ;OL JVU[LU[ PZ
W\ISPZOHISL VUS` HM[LY OH]PUN [OL JVUZLU[ VM ;l= :l+ 7YVK\J[ :LY]PJL� 0M P[ PZ W\ISPZOLK ^P[O HU` JOHUNLZ� [OL JVTWHU` PZ UV[ SPHISL MVY P[� ;OL PUMVYTH[PVU
PZ Z\IQLJ[ [V JOHUNL HUK HSS YPNO[Z MVY P[ HYL YLZLY]LK I` ;l= :l+ 7YVK\J[ :LY]PJL .TI/�
-VY M\Y[OLY PUMVYTH[PVU VU [OL SH[LZ[ \WNYHKLZ HUK [LZ[PUN Z[HUKHYKZ HUK [YHPUPUN� WSLHZL JVU[HJ[ +Tb!imp@bm/X+QK

cps@tuv-sud.com


7LYZVUHS ;HISL 3PNO[ � 0U[LSSPNLU[
>VYRZWHJL 3PNO[PUN
;OL WPVULLYPUN KLZPNU [LHT H[ )HY[LUIHJO \U]LPSZ H IYHUK�UL^
PU[LSSPNLU[ SPNO[PUN JVUJLW[ ZL[ [V YL]VS\[PVUPaL ^VYRZWHJL
WLYZVUHSPaH[PVU� 0[ PZ ZL[ [V KLSP]LY H [Y\S` \ZLY�JLU[YPJ� ^VYRZWHJL
SPNO[PUN IS\LWYPU[ MVY SPNO[PUN KLZPNULYZ [V [YHUZMVYT ^VYRZWHJLZ MVY
OLHS[OPLY SP]PUN�
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7KH VWRU\ EHJDQ ZLWK %DUWHQEDFKâV LQ�
YROYHPHQW LQ WKH 5HSUR�OLJKW SURMHFW
FRQVRUWLXP� IXQGHG WKURXJK WKH (XUR�
SHDQ &RPPLVVLRQâV +RUL]RQ ���� ZRUN
SURJUDP� 7KH VFRSH RI WKH SURMHFW� ì7R
VXFFHVVIXOO\ LQLWLDWH WUDQVIRUPDWLRQ LQ
WKH (XURSHDQ /(' OLJKWLQJ LQGXVWU\� E\
FUHDWLQJ WKH ã/XPLQDLUH RI WKH )XWXUHâ�ú
3DUW RI WKLV UHPLW ZDV WR GHYHORS D QHZ
FXVWRPL]DEOH OLJKWLQJ V\VWHP�

%DFNJURXQG

)HY[LUIHJO HWWYVHJOLK [OPZ WYVQLJ[ ^P[O
L_[LUZP]L \ZLY Z\Y]L`Z [V M\SS` \UKLYZ[HUK
[OL YLX\PYLTLU[ MVY IL[[LY SPNO[PUN� ;OL YL�
ZLHYJO YLZ\S[Z LZ[HISPZOLK [OL YLX\PYLTLU[
MVY HU LHZ` [V \ZL� J\Z[VTPaHISL SPNO[PUN
Z`Z[LT� -VSSV^PUN H TL[PJ\SV\Z KL]LSVW�
TLU[ WYVJLZZ HUK U\TLYV\Z WYV[V[`WLZ�
[OL ÄUHS YLZ\S[ JHSSLK [OL 7LYZVUHS ;HISL
3PNO[ �7;3� PZ PTWYLZZP]L�

;OL 7;3 HJOPL]LZ L_JLW[PVUHS SPNO[PUN MVY
]PZPVU HUK OLHS[O H[ [OL ^VYRWSHJL� HUK PZ
M\SS` WLYZVUHSPaHISL� =PZ\HS WLYMVYTHUJL PZ
WLYMLJ[S` Z\WWVY[LK HZ IV[O ]LY[PJHS HUK
OVYPaVU[HS ^VYRZWHJL Z\YMHJLZ HYL SP[ ZLWH�
YH[LS �̀ HUK PSS\TPUHUJL SL]LSZ HYL JVU[YVSSLK
HSVUN ^P[O SPNO[ JVSVY [LTWLYH[\YLZ� HUK
SPNO[ KPZ[YPI\[PVUZ� -\Y[OLYTVYL� [OL 7;3
LMMLJ[P]LS` KLSP]LYZ \W [V ���� S\_ H[ L`L
SL]LS� TLHUPUN TPZZPUN KH`SPNO[ PZ Z\W�
WSLTLU[LK HUK PZ HISL [V L_LY[ UVU�]PZ\HS
LMMLJ[Z VU TVVK� HSLY[ULZZ� WLYMVYTHUJL
HUK UPNO[ [PTL ZSLLW� ;OL 7;3 HSZV HSSV^Z
M\SS J\Z[VTPaH[PVU VM ZJLULZ I` [OL \ZLY ]PH
H KLZR[VW HWWSPJH[PVU�

,X\PWWLK ^P[O ZPUNSL�WVPU[ 3,+ JVU[YVSZ
HUK H OPNOS` PUUV]H[P]L ZLUZVY [LJOUVSVN`
[OH[ YLJVNUPaLZ [OL HJ[\HS HJ[P]P[` VM [OL
\ZLY� SPNO[PUN ZJLULZ HKQ\Z[ KPZJYLL[S` HUK
H\[VTH[PJHSS` HJJVYKPUN [V JOHUNPUN ]PZ\HS
HJ[P]P[PLZ�

(KKP[PVUHSS �̀ LU]PYVUTLU[HS X\HSP[` PZ HZ�
ZLZZLK JVU[PU\V\ZS` I` HTIPLU[ [LTWLY�
H[\YL� O\TPKP[ �̀ HPY WYLZZ\YL� ]VSH[PSL VY�
NHUPJ JVTWV\UKZ� HUK ZV\UK SL]LS ZLU�
ZVYZ� ;OLYLMVYL� [OL S\TPUHPYL \ZLZ OPNOS`
Z[HUKHYKPaLK 0;�WYV[VJVSZ� ^OPJO LUHISL
HU LHZ` PU[LNYH[PVU VM ULHYS` HSS ZLUZVYZ
H]HPSHISL VU [OL THYRL[�

-PUHSS �̀ \ZPUN JSV\K JVUULJ[P]P[ �̀ \ZLY HJ�
[P]P[PLZ JHU VW[PVUHSS` IL YLJVYKLK ^OPJO
HSSV^Z HU VU�NVPUN VW[PTPaH[PVU VM [OL SPNO[�
PUN Z`Z[LT [HPSVYLK [V PUKP]PK\HS ULLKZ�

;OL HWWSPJH[PVU WVZZPIPSP[PLZ VM [OL 7;3 HYL
U\TLYV\Z HUK YHUNL MYVT Z[\KLU[ HYLHZ
HUK VMÄJLZ [V TLKPJHS HUK THU\MHJ[\YPUN
^VYRZWHJLZ�

;OL M\[\YL VM O\THU JLU[YPJ SPNO[PUN OHZ
HYYP]LK� >P[O WH[LU[ WLUKPUN� [OL 7;3 OHZ
[OL WV[LU[PHS [V [YHUZMVYT ^VYRZWHJL SPNO[�
PUN� ;V TLHZ\YL LMMLJ[Z VM [OPZ PUUV]H[P]L
SPNO[PUN Z`Z[LT VU O\THU ILPUNZ� PTWHJ[
YLZLHYJO PZ J\YYLU[S` ILPUN JVUK\J[LK PU
[^V SHIVYH[VY` Z[\KPLZ HUK H T\S[P�JLU[LYLK
ÄLSK Z[\K �̀

&RQVRUWLXP
)HY[LUIHJO PZ HU H^HYK ^PUUPUN SPNO[PUN
KLZPNU HUK YLZLHYJO JVUZ\S[HUJ` ULZ[SLK
PU [OL TV\U[HPUZ HIV]L 0UUZIY\JR� ( [LHT
VM HYJOP[LJ[Z� WO`ZPJPZ[Z� WZ`JOVSVNPZ[Z HUK
KLZPNULYZ MVYNPUN PUKP]PK\HS SPNO[PUN ZVS\�
[PVUZ� ;OPZ PU[LYKPZJPWSPUHY` [LHT PZ WYV\K [V
IL WHY[ VM [OL PU[LYUH[PVUHS ZJPLU[PÄJ JVT�
T\UP[` UL[^VYR� HS^H`Z H[ [OL J\[[PUN LKNL
VM YLZLHYJO�

;OL 9LWYV�SPNO[ JVUZVY[P\T JVUZPZ[Z VM
SLHKPUN ,\YVWLHU L_WLY[Z PUJS\KPUN" ;903<?�
H KYP]PUN MVYJL VM [OL ,\YVWLHU SPNO[PUN PU�
K\Z[Y �̀ JVTWVULU[Z THU\MHJ[\YLYZ PUJS\K�
PUN )1)� .YHKV ALYV ,ZWHJL� HUK 9VOULY
,UNPULLYPUN� PUUV]H[P]L TLTILYZ VM [OL

SPNO[PUN PUK\Z[Y �̀ )HY[LUIHJO HUK 3\NLY
9LZLHYJO� HZ ^LSS HZ L_WLY[Z PU SPNO[PUN
Z\Z[HPUHIPSP[` HUK 3PML *`JSL (ZZLZZTLU[
09,* HUK 4VUKYHNVU <UP]LYZP[` ^OV HYL
WYVTPULU[ PU :VJPHS :JPLUJLZ�

;OPZ WYVQLJ[ OHZ YLJLP]LK M\UKPUN MYVT [OL
,\YVWLHU <UPVU»Z /VYPaVU ���� YLZLHYJO
HUK PUUV]H[PVU WYVNYHTTL \UKLY NYHU[
HNYLLTLU[ 5V �������

&RQWDFW
4Z� *OPHYH 4LZZPUH
JOPHYH�TLZZPUH'IHY[LUIHJO�JVT
��� ��� ��������
O[[WZ!��^^ �̂YLWYV�SPNO[�L\�

/S6 +0.0;(3
3W: +PNP[HS ^PSS IYPUN `V\ J\YYLU[� OPNO�X\HSP[`
JVU[LU[ WLY[HPUPUN [V SPNO[PUN [LJOUVSVNPLZ�
KLZPNU HUK HWWSPJH[PVUZ� 0U HKKP[PVU� P[ ^PSS
PU[YVK\JL `V\ [V [OL SH[LZ[ [YLUKZ PU WYVK\J[
KL]LSVWTLU[Z HUK HWWSPJH[PVUZ� 3W: +PNP[HS PZ
Z\WWVY[LK I` 5PJOPH HUK )S\L[VV[O :0.�

rrrXGTa@.B;Bi�HX;HQ#�H

www.LpS-Digital.global
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/S6 +0.0;(3
/DWHVW &RQIHUHQFH

DQG ([KLELWLRQ SXEOLFDWLRQV
RQ ZZZ�/S6�'LJLWDO�JOREDO

visit us at  
nichia.com

https://youtu.be/slRdSNNxQBc
https://youtu.be/uJpHVHG2kik
https://youtu.be/-1IRY21r7cs
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+DQL .$1$$1� 'U�
/HUP 2(5((5 YLJLP]LK OPZ 7O+ KLNYLL
PU ,SLJ[YPJ LUNPULLYPUN MYVT [OL <UP]LYZP[`
VM ;V\SV\ZL PU ��� � ^OLYL OL ^VYRLK VU
LSLJ[YPJHS ZPT\SH[PVU HUK MHIYPJH[PVU VM
63,+ HUK 6YNHUPJ WOV[V]VS[HPJ KL]PJLZ�
/L [OLU TV]LK [V )LSNP\T [V ^VYR MVY
4H[LYPH 5V]H VU 63,+ MHIYPJH[PVU \ZPUN
TL[HSSPJ Z\IZ[YH[LZ ^P[O ;VW JVUÄN\YH[PVU
HYJOP[LJ[\YL� /L OHZ HU L_[LUZP]L
IHJRNYV\UK PU LSLJ[YV VW[PJHS
JOHYHJ[LYPaH[PVU� KL]PJL KLZPNU HUK
VW[PTPaH[PVU� /L QVPULK [OL *,( PU ����
^OLYL OL ^VYRLK VU [OL KL]LSVWTLU[�
VW[PTPaH[PVU HUK JOHYHJ[LYPaH[PVU VM
TPJYVKPZWSH`Z PU H QVPU[ SHI ^P[O [OL
4PJYVVSLK *VTWHU �̀ /L OHK [OL
VWWVY[\UP[` [V ^VYR VU ZL]LYHS ,\YVWLHU
HUK PUK\Z[YPHS WYVQLJ[Z HZ H WYVQLJ[
THUHNLY HUK JVVYKPUH[VY� :PUJL ���� OL
OHZ OHK [OL YLZWVUZPIPSP[` VM KL]LSVWPUN
[OL PUK\Z[YPHS WHY[ULYZOPW MVY [OL LTPZZP]L
JVTWVULU[Z H[ 3L[P ^P[O H MVJ\Z VU [OL
TPJYV3,+ HJ[P]P[` MVY 3PNO[PUN HUK
4PJYVKPZWSH �̀



4PJYV 3,+Z HYL [OL SH[LZ[ KL]LSVWTLU[ PU ::3� ;OL` HYL \ZLK MVY
OPNO�X\HSP[` KPZWSH`Z HUK JVTWL[L ^P[O 63,+ KPZWSH`Z� +Y� /HUP 2HUHHU�
H YLUV^ULK ZWLJPHSPZ[ H[ *,(�3,;P PU [OPZ ÄLSK HUK HSZV 63,+ [LJOUVSVN �̀
NH]L H ZV\UK PU[YVK\J[PVU [V [OPZ [LJOUVSVN` H[ 3W:� 3,+ WYVMLZZPVUHS
^HU[LK [V RUV^ TVYL� ZV ^L HZRLK OPT MVY HU PU[LY]PL �̂ ;OL [VWPJZ
YHUNL MYVT J\YYLU[ SPTP[H[PVUZ [V TH[LYPHSZ� WYVJLZZLZ� LMÄJPLUJ �̀ [OLYTHS
PZZ\LZ� JVZ[Z� VWWVY[\UP[PLZ HUK T\JO TVYL�
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/(' SURIHVVLRQDO� 7KDQN \RX YHU\
PXFK IRU FRPLQJ WR WKLV LQWHUYLHZ� <RX
JDYH D WDON DW WKH /S6 ���� DERXW
PLFUR/('V� &RXOG \RX H[SODLQ WR RXU
UHDGHUV ZKDW PLFUR/('V DUH" +RZ DUH
WKH\ GLIIHUHQW IURP FRQYHQWLRQDO /('V
DQG ZKDW DSSOLFDWLRQV FDQ WKH\ EH
XVHG IRU"

+DQL .$1$$1� ;OHUR `V\ MVY PU]P[PUN
TL� 4PJYV3,+Z HYL IHZLK VU [OL ZHTL
[LJOUVSVN` HZ JVU]LU[PVUHS 3,+Z!
LWP[H_PHS NYV^[O VU H ZHWWOPYL Z\IZ[YH[L�
;OL ZPaL VM [OLZL +0@ JOPWZ PZ ]LY` ZTHSS
HUK JVTWH[PISL ^P[O [OL HWWSPJH[PVUZ [OH[
^L»YL [HYNL[PUN� (Z HU L_HTWSL! MVY
SPNO[PUN HWWSPJH[PVUZ H TPJYV3,+ WP[JO
TPNO[ IL HYV\UK ��� TPJYVUZ HUK MVY
H\[VTV[P]L HWWSPJH[PVUZ P[ ^PSS IL \W [V ��
TPJYVUZ� ( KPZWSH` ^V\SK \ZL IL[^LLU
�� HUK �� TPJYVUZ HUK PM `V\ ^HU[ [V KV
H TPJYV KPZWSH �̀ [OL WP_LS WP[JO ZOV\SK IL
YLK\JLK [V SLZZ [OHU �� TPJYVUZ�

/(' SURIHVVLRQDO� $UH WKHVH WLQ\ /('V
GULYHQ ZLWK FRPSDUDEOH FXUUHQW
GHQVLWLHV WR FRQYHQWLRQDO RU LV LW D
ORZHU FXUUHQW GHQVLW\"

+DQL .$1$$1� 0[ KLWLUKZ VU [OL
HWWSPJH[PVU� >OH[ ^L RUV^ PZ! ;OL
ZTHSSLY [OL 3,+� [OL OPNOLY [OL J\YYLU[
KLUZP[` [OH[ PZ ULLKLK [V NL[ LX\P]HSLU[
SPNO[ V\[W\[� ILJH\ZL [OL LMÄJHJ` VM [OL
TPJYV3,+ ^PSS IL H SV[ SLZZ [OHU PU
Z[HUKHYK 3,+Z� -VY L_HTWSL� PM 0 [HRL
VUL 3,+ [OH[ PZ VUL TPSSPTL[LY ZX\HYL
HUK WP_LSH[L P[� [V LUK \W ^P[O �����
WP_LSZ� [OL Z\T VM [OLZL ����� WP_LSZ ^PSS
YLTHPU VUL ZX\HYL TPSSPTL[LY I\[ [OL
S\TLU V\[W\[ ^V\SK IL T\JO SLZZ [OHU
[OL VUL TPSSPTL[LY 3,+ +0@ � ;OH[ TLHUZ
PM ^L ^HU[ [V NL[ [OL ZHTL S\TLU V\[W\[�
^L ULLK [V KYP]L [OVZL TPJYV3,+Z H[
OPNOLY J\YYLU[� ^OPJO TLHUZ OPNOLY
WV^LY� ;OPZ ^PSS JH\ZL KYVVW PU [OL 3,+Z

HUK NLULYH[L OLH[ PZZ\LZ [OH[ TH`
ZOVY[LU [OL KL]PJL»Z SPML[PTL�

/(' SURIHVVLRQDO� &DQ \RX H[SODLQ D
OLWWOH DERXW WKH VL]H RI D VLQJOH
PLFUR/(' DQG WKH HIðFLHQF\" ,V WKHUH
D FOHDU GHSHQGHQF\"

+DQL .$1$$1� ;OPZ X\LZ[PVU YLTHPUZ H
YLZLHYJO�SL]LS Z\IQLJ[� >L W\ISPZOLK H
WHWLY VU [OPZ [^V `LHYZ HNV� >OLU ^L
TLHZ\YLK [OL WLYMVYTHUJLZ VM 3,+Z VM
KPMMLYLU[ ZPaLZ MYVT [OL ZHTL LWP[H_`
^HMLY� MVY PUZ[HUJL MYVT � ZX\HYL
TPSSPTL[LY [V ��� TPJYVUZ� ��� TPJYVUZ�
VY ��� TPJYVUZ [V �� TPJYVUZ� ^L
UV[PJLK [OH[ [OL TH_PT\T LMÄJPLUJ`
KLJYLHZLZ ^P[O WP_LS ZPaL� 5VU�YHKPH[P]L
YLJVTIPUH[PVUZ VJJ\YYPUN H[ [OL LKNLZ VM
[OL 3,+ ^LYL MV\UK [V IL [OL THPU VYPNPU
VM [OL WLYMVYTHUJLZ YLK\J[PVU� @V\ JHU
PTHNPUL [OL 3,+ Z[Y\J[\YL ILPUN SPRL H
I\PSKPUN ^P[O KPMMLYLU[ ÅVVYZ� @V\ T\Z[
OH]L [OL TPU\Z WVSL VU [OL NYV\UK ÅVVY
HUK [OL WS\Z VUL VU [OL [VW� ;OL J\YYLU[
T\Z[ NV ]LY[PJHSS` [V JYVZZ [OL Z[Y\J[\YL ¶
[OLZL ÅVVYZ ¶ PU VYKLY [V NLULYH[L
WOV[VUZ PU [OL T\S[P�X\HU[\T ^LSS� >L
HYL [HSRPUN HIV\[ H Z\YMHJL [OH[ PZ ]LY`
[PU` JVTWHYLK [V P[Z OLPNO[ HUK [OL
J\YYLU[ TPNO[ UV[ MVSSV^ [OL VW[PTHS WH[O�
I\[ MVSSV^ [OL Z\YMHJL HUK Q\Z[ NLULYH[L
OLH[ PUZ[LHK VM [OL KLZPYLK SPNO[�

/(' SURIHVVLRQDO� 6R ZKDW \RXâUH
VD\LQJ LV WKDW WKHUH DUH SUDFWLFDO OLPLWV
ZKHQ LW FRPHV WR PLQLDWXUL]DWLRQ ò
WKHUH LV PRUH OHDNDJH WKDQ XVDEOH
FXUUHQW ZKHQ \RX JHW GRZQ WR D
FHUWDLQ VL]H�

+DQL .$1$$1� @LZ� ^OPSL ^L HYL HISL [V
THRL ]LY` ZTHSS 3,+Z� WVZZPIS` KV^U [V
[^V�TPJYVUZ ZX\HYL VY ILSV^ K\L [V HU
HK]HUJLK SP[OVNYHWO` WYVJLZZ� [OL
X\LZ[PVU PZ ^PSS P[ IL \ZLM\S� >PSS ^L IL
HISL [V KYP]L P[ HUK ^OH[ ^V\SK [OL

WLYMVYTHUJL VM [OPZ KL]PJL IL& 9PNO[
UV �̂ ^L RUV^ OV^ [V WYVK\JL P[� )\[
OV^ [V YLZVS]L [OL J\YYLU[ SLHRHNL PZZ\LZ
Z[PSS ULLKZ VUNVPUN Z[\K` ILJH\ZL [OPZ
ÄLSK PZ Z[PSS PU [OL LHYS` Z[HNLZ� 0U T`
WYLZLU[H[PVU� 0 LTWOHZPaLK [OH[ [OPZ PZ
VUL VM [OL YLTHPUPUN JOHSSLUNLZ ILJH\ZL
P[ PZ [OL RL` [V YLZVS]PUN [OL OLH[ PZZ\L�
(U` J\YYLU[ [OH[ PZ JVU]LY[LK PU[V OLH[
I\[ UV[ SPNO[ PZ LZWLJPHSS` H O\NL WYVISLT
MVY OLHK�TV\U[LK�KPZWSH` HWWSPJH[PVUZ�
-\Y[OLYTVYL� LULYN` JVUZ\TW[PVU PZ ]LY`
OPNO� 0[»Z T\JO TVYL JVTWSPJH[LK [V OH]L
H NVVK H\[VUVTV\Z OLHK�TV\U[LK
Z`Z[LT ^P[OV\[ H SHYNL L_[LYUHS IH[[LY �̀

/(' SURIHVVLRQDO� 6R� WKHUH DUH
PLFUR/(' GLVSOD\V� IRU H[DPSOH� WKDW
KDYH DOUHDG\ EHHQ GHYHORSHG� %XW DV
IDU DV , XQGHUVWRRG LQ \RXU OHFWXUH�
WKHUH LV D ORW RI UHVHDUFK DQG
GHYHORSPHQW VWLOO JRLQJ RQ� 2QH RI WKH
ðHOGV LV KHDW� DV \RX MXVW PHQWLRQHG�
$UH WKHUH RWKHU ðHOGV"

+DQL .$1$$1� 0 KPKU»[ TLU[PVU PU T`
WYLZLU[H[PVU [OH[ HSS [OL THQVY
PU]LZ[TLU[Z HYL MVY 9+ ¶ UV[OPUN PZ
ILPUN PU]LZ[LK PU WYVK\J[PVU `L[� ;OLYL
HYL KPMMLYLU[ JOHSSLUNLZ! 6UL VM [OLT PZ
OLH[ KPZZPWH[PVU� )\[ TVYL PTWVY[HU[� ^L
ULLK [V YLK\JL OLH[ NLULYH[PVU ÄYZ[� HZ
HSYLHK` KPZJ\ZZLK! 0M ^L THUHNL [V
THRL H TPJYV3,+ [OH[ PZ ���
S\TLUZ�^H[[� ^L OH]L YLK\JLK
NLULYH[LK OLH[ I` V]LY �� WLYJLU[�

;OL ZLJVUK JOHSSLUNL PZ JVSVY
JVU]LYZPVU� -VY IV[O SPNO[PUN HUK
TPJYVKPZWSH` HWWSPJH[PVUZ ^L ULLK M\SS
JVSVY ¶ [OH[ TLHUZ ^L ULLK 9.) WP_LSZ�
)\[ ^OLU ^VYRPUN ^P[O WP_LSZ ILSV^ ��
TPJYVUZ� [OL Z[HUKHYK WOVZWOVY MVY
SPNO[PUN KVLZU»[ ^VYR HU`TVYL ILJH\ZL
[OL ZPaL VM [OL WOVZWOVY JY`Z[HS VY
TVUPRLY PZ [VV IPN JVTWHYLK [V [OL WP_LS�
0M `V\ ^HU[ [V KPZWLUZL VY SVJHSPaL P[� P[
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^PSS WYVIHIS` JV]LY THU` WP_LSZ ¶ VY H[
SLHZ[ [^V WP_LSZ� :V� `V\ ^PSS MHJL VW[PJHS
JYVZZ[HSR� -VY [OPZ YLHZVU� ZJPLU[PZ[Z [Y`
[V ^VYR ^P[O TPJYVWOVZWOVY VY
UHUVWOVZWOVY ¶ HUK THU` HYL [Y`PUN [V
^VYR ^P[O X\HU[\T KV[Z�

;OLYL HYL [^V THQVY VWPUPVUZ PU [OL
SP[LYH[\YL VU 8+Z! 6UL PZ [OH[ 8+Z ^V\SK
IL [OL ZVS\[PVU� )\[ V[OLYZ [OPUR X\HU[\T
KV[Z ^V\SK UV[ IL Z[HISL LUV\NO� ;OL`
TPNO[ IL Z[HISL ^P[O HU 63,+ IHJRSPNO[
VM H JVTWHYHISL SV^ IYPNO[ULZZ VM ZVTL
O\UKYLK UP[Z� I\[ UV[ ^P[O ]LY` OPNO 3,+
IYPNO[ULZZ� :LL�[OYV\NO KPZWSH` Z`Z[LTZ
T\Z[ OH]L H[ SLHZ[ ����� UP[Z MVY V\[KVVY
HWWSPJH[PVUZ� 0M `V\ OH]L ML^LY [OHU [OH[�
[OL Z`Z[LTZ ^PSS UL]LY ^VYR WYVWLYS` PU
IYPNO[ Z\UZOPUL� -VY L_HTWSL� [OL` ^PSS
WYV]PKL SLZZ [OHU �� WLYJLU[ `PLSK MVY [OL
VW[PJHS Z`Z[LT� ;OLYLMVYL� `V\ ZOV\SK
L_WLJ[ [V OH]L H[ SLHZ[ ������ UP[Z VU [OL
KPZWSH` SL]LS [V NL[ [OVZL ����� H[ [OL
LUK VM [OL Z`Z[LT� ;OL X\LZ[PVU PZ
^OL[OLY VY UV[ X\HU[\T KV[Z ^V\SK IL
HISL [V WYV]PKL [OPZ MYVT [OL IS\L Å\_ HUK
OV^ SVUN [OL` ^V\SK IL HISL [V WYV]PKL P[�

/(' SURIHVVLRQDO� ,VQâW LW VWLOO D
SUREOHP WKDW TXDQWXP GRWV DUHQâW
VWDEOH DW KLJKHU WHPSHUDWXUHV"

+DQL .$1$$1� ;OL` HYLU»[ ]LY` Z[HISL�
:V TH`IL YLZLHYJOLYZ ^PSS OH]L [V KLZPNU
X\HU[\T KV[Z ^P[O T\JO IL[[LY Z[HIPSP[`
H[ OPNOLY LULYN �̀ ;OL HK]HU[HNL VM
X\HU[\T KV[Z PU [OPZ HWWSPJH[PVU PZ [OH[
[OL` ^PSS HIZVYI [OL IS\L SPNO[� ^OPJO PZ
LTP[[LK PU H IYVHK ZWLJ[Y\T MYVT [OL
3,+� HUK JVU]LY[ [OPZ Å\_ PU H ]LY`
UHYYV^ ZWLJ[Y\T VM SPNO[� 0UZ[LHK VM
OH]PUN H ��� VY ���UHUVTL[LY�^PKL

ZWLJ[Y\T� `V\ ^PSS OH]L M\SS ^PK[O H[ OHSM
TH_PT\T �->/4� VM �� [V ��
UHUVTL[LYZ� :V� `V\ JHU HJOPL]L
OPNO�JVSVY�W\YP[` 9.) WP_LSZ� @V\ HSZV
^PSS OH]L T\JO IL[[LY JVU[YHZ[� ^OPSL
JV]LYPUN ��� WLYJLU[ VM 5H[PVUHS
;LSL]PZPVU :`Z[LT *VTTP[[LL �5;:*�
KPZWSH` JVSVY ZWHJLZ� ;OPZ PZ [OL THPU
YLHZVU [V \ZL X\HU[\T KV[Z� @V\ HSZV
JHU THRL 8+Z PU KPMMLYLU[ ZPaLZ IHZLK VU
[OL ZHTL Z[Y\J[\YL PU [OL [^V�[V�ZL]LU
UHUVTL[LY YHUNL� HUK ^OLU `V\ JOHUNL
[OL KPHTL[LY VM [OL KV[� `V\ JOHUNL [OL
^H]LSLUN[OZ� ;OLYLMVYL� P[»Z JVTWH[PISL PU
[LYTZ VM ZPaL ^P[O [OL TPJYV3,+ WP_LS
ZPaL� -VY [OPZ YLHZVU� [OLYL PZ H SV[ VM
PU[LYLZ[ PU [OPZ X\HU[\T KV[Z [LJOUVSVN �̀
)\[ P[»Z UV[ YLHK` H[ [OL TVTLU[�

/(' SURIHVVLRQDO� ,W VHHPV WKDW
PLFUR/('V DUH D PDMRU IRFXV RI
&($�/HWL� :KDW DUH WKH SULPDU\ WRSLFV
\RX GHDO ZLWK LQ WKLV ðHOG"

+DQL .$1$$1� 0 JHUUV[ ZWLHR MVY HSS VM
*,(�3L[P� ^OVZL L_WLY[PZL PUJS\KLZ
TPUPH[\YPaH[PVU HUK PU[LNYH[PVU VM
TPJYVLSLJ[YVUPJZ HUK UHUVLSLJ[YVUPJZ PU
ÄLSKZ YHUNPUN MYVT TLKPJHS KL]PJLZ [V
KLMLUZL  ZWHJL HWWSPJH[PVUZ [V HY[PÄJPHS
PU[LSSPNLUJL� )\[ VI]PV\ZS` TPJYV3,+Z HYL
VUL VM [OL RL` 9+ [LJOUVSVNPLZ MVY V\Y
VW[VLSLJ[YVUPJZ KLWHY[TLU[� ^OPJO OHZ
KL]LSVWLK KLLW L_WLY[PZL PU [OPZ HYLH
V]LY THU` `LHYZ� ([ [OL ZHTL [PTL� ^L
HSZV OH]L MVJ\ZLK VU SPNO[PUN [LJOUVSVN �̀
ZV P[ THKL ZLUZL MVY \Z HUK V\Y WHY[ULYZ
[V TLYNL [OLZL [^V 9+ HYLHZ HUK
KL]LSVW ]LY` OPNO IYPNO[ULZZ
TPJYVKPZWSH`Z� 6\Y VW[YVUPJZ KLWHY[TLU[
HSZV KL]LSVWLK H <=* 3,+ ZV\YJL HUK
UL^ NLULYH[PVU VM

0U.H56:�LWP[H_`�IHZLK 3,+ MVY UH[P]L
YLK�NYLLU KPYLJ[ LTPZZPVU ^P[OV\[ JVSVY
JVU]LYZPVU�

4LHU^OPSL� ^L HYL HSZV W\ISPZOPUN THU`
WHWLYZ VU PUZ[P[\[PVUHS HUK PUK\Z[YPHS
WYVQLJ[Z HUK L_WSVYPUN UL^ HYJOP[LJ[\YLZ
JHSSLK ÄLSK�LMMLJ[ 3,+ HUK UHUV^PYL 3,+�
5HUV^PYL 3,+ PZ H UL^ HYJOP[LJ[\YL
KLKPJH[LK [V <= PU VYKLY [V NL[ ]LY`
OPNOS` LMÄJPLU[ <=* 3,+ H[ ����[V����
UHUVTL[LYZ MVY ^H[LY W\YPÄJH[PVU�
TLKPJHS HWWSPJH[PVUZ HUK V[OLY WVZZPISL
HWWSPJH[PVUZ� 0U HKKP[PVU� ^L HYL ^VYRPUN
VU ]LY` LHYS`�Z[HNL KL]LSVWTLU[ PU
PUMYHYLK =*:,3 MVY 3P+(9 HUK V[OLY
HWWSPJH[PVUZ� :V� ^L JV]LY TVYL [OHU [OL
]PZPISL YHUNL ¶ MYVT <= [V PUMYHYLK� (UK
[^V `LHYZ HNV� *,(�3L[P PUZ[HSSLK H UL^
SHI KLKPJH[LK [V ?�YH` KL[LJ[PVU MVY
TLKPJHS HWWSPJH[PVUZ� 6I]PV\ZS �̀ 0 JHU»[
ZH` ^L JV]LY L]LY`[OPUN PU]VS]PUN
VW[VLSLJ[YVUPJZ� I\[ ^L HYL HJ[P]L PU H
]LY` IYVHK YHUNL VM WOV[VUPJZ KPZJPWSPULZ�

/(' SURIHVVLRQDO� :KDW LV WKH PDLQ
IRFXV LQ WKH ðHOG RI PLFUR/('V"

+DQL .$1$$1� ;OL TPJYVKPZWSH` PZ
J\YYLU[S` [OL KYP]PUN HWWSPJH[PVU ILJH\ZL
NSVIHSS` [OL VUS` HYLHZ [OH[ HYL H[[YHJ[PUN
SHYNL�ZJHSL PU]LZ[TLU[ H[ [OL TVTLU[
HYL ;=Z HUK TPJYVKPZWSH`Z MVY H\[VTV[P]L
HUK ]PY[\HS YLHSP[` \ZLZ� (\[VTV[P]L
KPZWSH` HWWSPJH[PVUZ HYL HU PU[LYLZ[PUN
JOHSSLUNL� PU WHY[� ILJH\ZL ^OPSL JVSVY
JVU]LYZPVU PZ SLZZ JVTWSPJH[LK [OLU PU
TPJYVKPZWSH`Z� HJOPL]PUN ]LY` OPNO
IYPNO[ULZZ HUK YLSPHIPSP[` PU 3,+Z PZ
KPMÄJ\S[� /LHKSHTWZ ZOV\SK KLSP]LY
IL[^LLU ����� HUK ����� S\TLUZ VU [OL
YVHK�
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/(' SURIHVVLRQDO� <HV� ZH QRWLFHG WKDW
\RX WDONHG DERXW KHDGODPSV LQ \RXU
OHFWXUH DQG \RX HPSKDVL]HG WKDW ZKLOH
EHLQJ PRUH H[SHQVLYH WKDQ
FRQYHQWLRQDO /('V LW PD\ EH DQ
DGYDQWDJH WR XVH PLFUR/('V ZKHQ
ORRNLQJ DW D V\VWHP OHYHO� HVSHFLDOO\
VLQFH LW RIIHUV QHZ GHVLJQ RSWLRQV WR
FDU PDQXIDFWXUHUV�

+DQL .$1$$1� @LZ� H TPJYV3,+ ZV\YJL
VM SPNO[ ^PSS IL T\JO TVYL L_WLUZP]L [OHU
J\YYLU[ 3,+Z PU OLHKSHTWZ� )\[ 0 KVU»[
[OPUR [OH[ [OL WYPJL VM [OL OLHKSHTW PU
[V[HS ^PSS JOHUNL� 0UZ[LHK [OL JVZ[Z ^PSS
IL [YHUZMLYYLK [V [OL JVTWVULU[Z� ZV
^L»SS OH]L [^V VY [OYLL THU\MHJ[\YLYZ
WYVK\JPUN OLHKSHTWZ� YH[OLY [OHU ZP_ VY
ZL]LU�

0U MHJ[� [OL TPJYV3,+ ^PSS PU[LNYH[L [OL
LSLJ[YVUPJZ� ;OL Z`Z[LT NP]LZ `V\ H SV[ VM
SPNO[ HUK JVSVY HUK `V\ HYL HISL [V KYP]L
LHJO WP_LS PUKLWLUKLU[S �̀ :V� `V\ JHU
TV]L SLM[� YPNO[� \W HUK KV^U HUK
LSPTPUH[L [OL TLJOHUPJHS Z`Z[LT� ;OL
YLÅLJ[VY PZ HSZV HSYLHK` PU[LNYH[LK HUK
LHJO WP_LS OHZ P[Z V^U YLÅLJ[VY� ;OL
VW[PJHS LSLTLU[ ^PSS IL HU PTHNPUN SLUZ VY
H TPJYVSLUZ [OH[ JV\SK IL PU[LNYH[LK SH[LY�
>L»YL Z[PSS [HSRPUN HIV\[ ÄYZ[ NLULYH[PVU
HUK ^L KVU»[ RUV^ ^OH[ ^PSS OHWWLU PU

[OL M\[\YL� (SS [OL I\SR` WSHZ[PJ ^PSS
WYVIHIS` IL LSPTPUH[LK� 0U [LYTZ VM WYPJL!
)LMVYL ^L OHK H SHTW� I\[ UV^ ^L OH]L
H WYVQLJ[VY� 0[»Z TVYL L_WLUZP]L [OHU H
SHTW I\[ [V PU[LNYH[L [OL OLHKSHTW HUK
[V OH]L [OL ZHTL M\UJ[PVUHSP[ �̀ ^L KVU»[
[OPUR [OL WYPJL ^PSS JOHUNL VU [OL ^OVSL�
;OL PUJYLHZL PU [OL WYPJL VM [OL OLHKSHTW
^PSS IL VMMZL[ I` [OL KLJYLHZL PU [OL
PU[LNYH[PVU�

/(' SURIHVVLRQDO� $QG DGGLQJ WKH
YDOXH RI EHLQJ DEOH WR FRQWURO LW�

+DQL .$1$$1� @LZ� ZL]LYHS LJVUVTPJ
HNLUJPLZ THKL H JVZ[ TVKLS HUK ZV KPK
^L� (Z YLZ\S[� ^L L_WLJ[ [OH[ [OL LUNPUL
TVK\SL IHZLK VU TPJYV3,+Z MVY
H\[VTV[P]L ^PSS IL HYV\UK <:+ ���JTõ�
>P[O THZZ WYVK\J[PVU� [OL WYPJL JV\SK NV
KV^U ¶ P[ KLWLUKZ VU [OL ZPaL VM [OL
THYRL[� ;VKH �̀ H OPNO�LUK OLHKSHTW
MYVT ZVTL IYHUKZ JVZ[Z TVYL [OHU <:+
������

/(' SURIHVVLRQDO� ,I , JRW \RX ULJKW�
RQH LPSRUWDQW DGYDQWDJH LV WKH
PLQLDWXUL]DWLRQ RI WKH V\VWHP� DQG WKDW
LV VRPHWKLQJ WKDW FDU PDQXIDFWXUHUV
UHDOO\ OLNH EHFDXVH WKH\ FDQ SOD\
DURXQG ZLWK QHZ GHVLJQV� ,V WKDW

FRUUHFW" 2U DUH WKHUH DOVR RWKHU
EHQHðWV"

+DQL .$1$$1� @LZ� [OL SPNO[ LUNPUL PZ
IHZLK VU TPJYVLSLJ[YVUPJZ� )\[ ILZPKLZ
ZOYPURPUN [OL ZPaL VM [OL SPNO[ LUNPUL `V\
JHU PUJYLHZL [OL M\UJ[PVUHSP[` VM [OL
Z`Z[LT� -VY LSLJ[YVUPJZ� `V\ HYL HISL [V
W\[ ZLUZVYZ HYV\UK VY PUZPKL� 0U [OL UL_[
NLULYH[PVU ^L ^PSS IL HISL [V \ZL ZVTL
WP_LSZ VM [OL LUNPUL SPNO[ [V ZLUZL� >P[O
[^V OLHKSHTWZ� JHYZ ^PSS HISL [V WLYMVYT
�+ ZLUZPUN HUK TVYL LHZPS` KL[LJ[
VIZ[HJSLZ� 6M JV\YZL� KLZPNU T\Z[ IL
JVUZPKLYLK! 0M P[»Z ZTHSSLY `V\ OH]L TVYL
MYLLKVT� )\[ PU [OL H\[VUVTV\Z JHY VM
[OL M\[\YL [OL OLHKSHTWZ ^PSS HJ[ SPRL
O\THU L`LZ� ;OL` ZOV\SK KL[LJ[� PKLU[PM`
HUK L]LU N\PKL [OL JHY ^P[OV\[ ^HP[PUN
MVY [OL ]LOPJSL»Z THPU JVTW\[LY [V THRL
H KLJPZPVU� 0[ ZOV\SK IL HISL [V H]VPK HU
VIZ[HJSL PU JHZL VM HU LTLYNLUJ �̀ ;OH[
TLHUZ [OH[ ^L HYL TV]PUN [V^HYKZ
ZTHY[LY HUK ZTHY[LY OLHKSHTWZ� >OH[
RPUK VM [LJOUVSVN` JHU ^L W\[ PUZPKL&
;OLYL HYL WSLU[` VM JOVPJLZ� ;OL JVZ[Z�
[OL KLZPNU HUK JVTWH[PIPSP[` HYL [OL THPU
SPTP[H[PVU MVY [OL [LJOUVSVN �̀

/(' SURIHVVLRQDO� ,WâV LQWHUHVWLQJ WKDW
\RX PHQWLRQHG WKDW RQH RI WKH
PLFURV\VWHPV FRXOG EH LQ /L)L� ,âYH
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KHDUG DERXW LGHDV WR LQWHJUDWH /L)L LQ
FDUV VR WKH\ FDQ FRPPXQLFDWH ZLWK
HDFK RWKHU� 7KDW ZRXOG DOVR EH DQ
RSWLRQ WR H[WHQG WKH IXQFWLRQDOLW\�

+DQL .$1$$1� 9LJLU[S` ^L
KLTVUZ[YH[LK [YHUZMLY YH[LZ VM ZL]LYHS
NPNHI`[LZ WLY ZLJVUK� 0M H OLHKSHTW
JV\SK KV JHY�[V�JHY JVTT\UPJH[PVU�
PUMYHZ[Y\J[\YL JVTT\UPJH[PVU� [OPZ ^V\SK
JLY[HPUS` IYPUN ZVTL UL^ M\UJ[PVUHSP[` [V
[OL H\[VTV[P]L PUK\Z[Y �̀ LZWLJPHSS` PM [OL
[HPSSPNO[ VM [OL JHY PU MYVU[ VM `V\ JHU
JVTT\UPJH[L ^P[O `V\Y OLHKSHTW� -VY
PUZ[HUJL� PM H JHY� Ä]L RPSVTL[LYZ HOLHK�
OHK HU HJJPKLU[� [OL PUMVYTH[PVU ^V\SK
IL [YHUZTP[[LK IHJR MYVT JHY [V JHY \U[PS
P[ YLHJOLZ `V\� ;OLYL ^PSS KLÄUP[LS` IL
ZVTL HKHW[H[PVUZ ILJH\ZL 3P-P ULLKZ H
KPMMLYLU[ ^H` [V KYP]L [OL 3,+ [OHU
SPNO[PUN� ;OLZL HKHW[H[PVUZ ZOV\SK IL
PU[LNYH[LK PU[V [OL KLZPNU� 0 KVU»[ RUV^
VM HU`VUL ^OV PZ ^VYRPUN VU [OH[� 0 RUV^
[OH[ ^L HYL Q\Z[ ILNPUUPUN [V L_WSVYL [OL
WV[LU[PHS VM TPJYV3,+Z [V KLSP]LY ]LY`
OPNO�ZWLLK 0U[LYUL[ ZPNUHSZ�

/(' SURIHVVLRQDO� 0D\EH EHIRUH
GHOYLQJ GHHSHU LQWR WKH WHFKQLFDO
GHWDLOV ZH VKRXOG H[SODLQ ZKDW LV
EHKLQG WKH LGHD RI XVLQJ D PLFUR/('
DUUD\ IRU /L)L�

+DQL .$1$$1� ;OLYL HYL [^V WYPTHY`
JVUZPKLYH[PVUZ� -PYZ[� 3P-P PZ J\YYLU[S` H
UL^ [LJOUVSVN` [OH[ ^HZ HKHW[LK [V
^OH[ HSYLHK` L_PZ[LK PU SPNO[PUN� -VY
L_HTWSL� [OLYL HYL H ML^ JVTWHUPLZ PU
.LYTHU �̀ (\Z[YPH HUK -YHUJL [OH[ ^PSS
PUZ[HSS HU 0U[LYUL[ TVKLT HUK JVUULJ[ P[
PU ZLYPHS TVKL [V H JVTTLYJPHS S\TPUHPYL
KYP]LY� (UK `V\ [OLU `V\ NL[ 0U[LYUL[
MYVT `V\Y S\TPUHPYL� ;OL SPTP[H[PVUZ VM [OL
Z`Z[LT Z[LT MYVT [OL I\SR` 3,+Z
JVTWHYLK [V TPJYV3,+Z� ;OLYLMVYL� `V\
OH]L SPTP[H[PVUZ PU `V\Y Z^P[JOPUN ZWLLK

ILJH\ZL P[ [\YUZ VU PTTLKPH[LS` I\[ [OLYL
PZ H ZSPNO[ KLSH` ^OLU `V\ [\YU P[ VMM� @V\
^V\SK HS^H`Z IL SPTP[LK I` [OPZ Z^P[JOPUN
KLSH` ILJH\ZL VM [OPZ JHWHJP[P]L
JOHYHJ[LYPZ[PJ VM [OL +0@� @V\ OH]L ULLK
[V YLK\JL [OL WP_LS ZPaL [V YLK\JL [OL
KLSH �̀ 4PJYV3,+Z HYL T\JO ZTHSSLY HUK
HSSV^ MHZ[LY Z^P[JOPUN J`JSLZ�

;OL ZLJVUK JVUZPKLYH[PVU PZ SPNO[PUN
PUJS\KLZ [OL WOVZWOVY� 4VZ[ VM [OL
WOVZWOVY PZ H `LSSV^ @(. WOVZWOVY�
7OVZWOVYZ OH]L YLZWVUZL [PTLZ [OH[
JHU»[ IL JOHUNLK� :V� ^L T\Z[ JVUZPKLY
[OH[ PU V\Y W\YZ\P[ VM H ]LY` MHZ[
TPJYV3,+� 0M ^L YLTV]L [OL WOVZWOVY�
^L HYL ^VYRPUN ^P[O H UH[P]L LTPZZPVU
IS\L VY NYLLU VY YLK HUK [OL ZPaL VM [OL
TPJYV3,+ ^PSS ILJVTL HNHPU [OL SPTP[PUN
MHJ[VY� 0U JHZL VM H IS\L ���TPJYVU
TPJYV3,+ ¶ HZ ^L KLTVUZ[YH[LK ¶ ^L
NV[ H KH[H [YHUZMLY YH[L VM H ML^ NPNHI`[LZ
WLY ZLJVUK� ^OPJO PZ HSTVZ[ VUL ��
[PTLZ MHZ[LY [OHU [OL ILZ[ [OH[ L_PZ[Z� )\[
P[»Z Z[PSS H[ HU LHYS` Z[HNL VM KL]LSVWTLU[�

,]LY`IVK` PZ [HSRPUN HIV\[ 3P-P HUK [OL
X\LZ[PVU PZ ^OL[OLY P[ ^PSS IL [OL \S[PTH[L
ZV\YJL [V KPZ[YPI\[L [OL 0U[LYUL[� 0�
WLYZVUHSS �̀ [OPUR P[ ^PSS IL HU HKKP[PVUHS
ZV\YJL ILJH\ZL PM `V\ OH]L LX\PWWLK
`V\Y OVTL ^P[O 3P-P� OV^ ^PSS [OL ZPNUHS
JVTL [V `V\& )` JHISL� :V� [OL
HK]HU[HNL VM 3P-P PZ [OH[ `V\ JHU YLK\JL
[OL U\TILY VM Z`Z[LTZ PU `V\Y OVTL�
0UZ[LHK VM OH]PUN VUL MVY SPNO[PUN HUK VUL
MVY 0U[LYUL[� `V\ ^PSS OH]L VUL JHISL [OH[
`V\ WS\N PU[V `V\Y SPNO[PUN Z`Z[LT HUK
`V\ ^PSS \ZL VUL OHYK^HYL Z`Z[LT�
:LJVUKS �̀ `V\ JHU SPTP[ [OL 0U[LYUL[ ZPNUHS
[V VUL YVVT ILJH\ZL SPNO[ KVLZ UV[
WLUL[YH[L ^HSSZ� (SZV� UVIVK` JHU OHJR
`V\Y Z`Z[LT SPRL H >P-P Z`Z[LT�

>L JHU HSZV \ZL 3P-P MVY ZVTL TLKPJHS
HWWSPJH[PVUZ HUK NLV�WVZP[PVUPUN PU H IPN

THSS� MVY L_HTWSL� 0M 0 OH]L T\S[PWSL SPNO[
ZV\YJLZ� 0 JHU [HRL [OL ZPNUHS MYVT [^V VY
[OYLL SPNO[Z HUK SVJH[L T` WVZP[PVU� :V�
[OLYL HYL UL^ HWWSPJH[PVUZ� I\[ PM ^L»YL
VUS` [HSRPUN HIV\[ 0U[LYUL[ [YHUZTPZZPVU�
P[»Z TLYLS` HU HKKP[PVUHS ^H` [V KPZ[YPI\[L
0U[LYUL[�

/(' SURIHVVLRQDO� 2Q RQH RI WKH VOLGHV
DERXW /L)L� \RX VKRZHG D SLFWXUH RI
ZKHUH \RX DUH GLUHFWLQJ LW IURP WKH
PLFUR/(' DUUD\ WR GLIIHUHQW SRVLWLRQV�
6R GLIIHUHQW XVHUV KDYH WKHLU RZQ
GLUHFW VLJQDO�

+DQL .$1$$1� 0U MHJ[� [OPZ HSYLHK`
L_PZ[Z� 3HZ[ `LHY ^L KLTVUZ[YH[LK H
T\S[P�\ZLY 3P-P Z`Z[LT [OH[ HSSV^Z \ZLYZ
[V ^HSR PUZPKL H I\PSKPUN ^P[OV\[ SVZPUN
[OL 0U[LYUL[ ZPNUHS � >L THKL H NYPK MYVT
KPMMLYLU[ KV^USPNO[Z [OH[ ^PSS
JVTT\UPJH[L ^P[O LHJO V[OLY� 0 ^PSS JH[JO
[OL ZHTL ZPNUHS ^P[OV\[ PU[LYY\W[PVU
^HSRPUN MYVT VUL WSHJL [V HUV[OLY� :V�
[OL Z`Z[LT ZOV\SK IL HISL [V PKLU[PM` TL�
PKLU[PM` ^OH[ 0»T ZLHYJOPUN MVY HUK [OLU
KLSP]LY P[ [V T` JOHUNPUN WVZP[PVU� 0[ PZ
HUHSVN [V H TVIPSL WOVUL UL[^VYR� ([
[OL ZHTL [PTL� [OPZ TPJYV3,+ S\TPUHPYL PZ
HISL [V ZLY]L �� VY TH`IL �� WLVWSL
ZPT\S[HULV\ZS �̀ ;OPZ PZ WVZZPISL ILJH\ZL
`V\ OH]L HU HYYH` ^P[O [OV\ZHUKZ VM
WP_LSZ KYP]LU I` ISVJRZ [V KLSP]LY LUV\NO
SPNO[� ,HJO ISVJR VM TPJYV3,+Z ^PSS IL
HISL [V KLSP]LY H ZPNUHS [V VUL KPMMLYLU[
\ZLY�

/(' SURIHVVLRQDO� <RX VWDUWHG \RXU
FDUHHU LQ UHVHDUFK DQG GHYHORSPHQW RI
RUJDQLF GHYLFHV WHFKQRORJLHV� $W WKH
PRPHQW� WKH PRVW PRGHUQ GLVSOD\ LV
WKH 2/(' GLVSOD\� :KDW DUH WKH
GLIIHUHQFHV LQ WKH DSSOLFDWLRQV RI WKH
PLFUR/(' GLVSOD\ DQG WKH 2/('
GLVSOD\"
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+DQL .$1$$1� 63,+ PZ \ZLK MVY H
ZTHY[�WOVUL KPZWSH �̀ [HISL[ KPZWSH �̀ ;=
KPZWSH` HUK TPJYVKPZWSH �̀ >L HYL HSZV
[Y`PUN [V HKHW[ [OVZL WYVK\J[Z [V NHSSP\T
UP[YPKL 3,+� 63,+ [LJOUVSVN` VMMLYZ [OL
ILZ[ PTHNL X\HSP[` IL[^LLU [OL
JVTTLYJPHS WYVK\J[Z ^P[O ]LY` SV^ WV^LY
JVUZ\TW[PVU� I\[ [OL [LJOUVSVN` SHJRZ
OPNO IYPNO[ULZZ JHWHIPSP[ �̀ 0[ PZ KPMÄJ\S[ [V
OH]L HU 63,+ TPJYVKPZWSH` [OH[ KLSP]LYZ
]LY` OPNO IYPNO[ULZZ MVY V\[KVVY
HWWSPJH[PVUZ� LZWLJPHSS` PU Z\USPNO[�

;OPZ PZ WVZZPISL ^P[O TPJYV3,+:� ;=Z HYL
H WVZZPISL UL^ HZWLJ[ MVY [OPZ
HWWSPJH[PVU�

;OL THU\MHJ[\YPUN PU]LZ[TLU[ PZ HUV[OLY
PTWVY[HU[ HZWLJ[� ( ���PUJO 63,+ ;=
WYVK\J[PVU SPUL PZ HIV\[ �� TL[LYZ SVUN�
�� TL[LYZ ^PKL HUK HSTVZ[ �� TL[LYZ
OPNO [V HJJVTTVKH[L [OL ZPaL VM [OL ;=Z
HUK THZZ WYVK\J[PVU� ( NSHZZ Z\IZ[YH[L
VM �� Tõ� VY L]LU � _ � T� WHZZLZ
[OYV\NO ZL]LYHS KPMMLYLU[ JOHTILYZ [V
YLJLP]L H KLWVZP[ VM VYNHUPJ TH[LYPHS� (SS
TH[LYPHSZ HUK [OL ;-; JPYJ\P[Z HYL
KLWVZP[LK VU NSHZZ HUK [OLU [OL NSHZZ PZ
J\[ PU[V ZP_ VY LPNO[ ;=Z ZJYLLUZ MYVT
LHJO IH[JO� ;OLZL WYVK\J[PVU SPULZ JVZ[
HIV\[ ML^ IPSSPVU <:+ LHJO�

0U JVU[YHZ[� HU LPNO[�PUJO TPJYV3,+
KPZWSH` WYVK\J[PVU SPUL JVZ[Z HIV\[ <:+
��� TPSSPVU <:+� 4VYLV]LY� [OL
KPZWSH`�MHIYPJH[PVU WYVJLZZ JVUZPZ[Z VM
KPJPUN [OL LPNO[�PUJO ^HMLY HUK [OLU
[YHUZMLY [OL TPJYV3,+ [V THU` WVZZPISL
Z\IZ[YH[LZ� ;OL` JV\SK IL WSHZ[PJ�
TL[HSSPJ VY 7*) VY [PZZ\L� ;OPZ HSSV^Z
I\PSKPUN HU` KPZWSH` ZPaL� ;OLYL HYL UV
V[OLY [LJOUVSVNPLZ [OH[ HYL HISL [V KV
[OPZ� :V� [OPZ PZ H THQVY HK]HU[HNL VM [OL
TPJYV3,+ [LJOUVSVN �̀

3,+Z HSZV VMMLY V[OLY WVZZPIPSP[PLZ� )`
PUJYLHZPUN [OL WP[JO [V TPJYV3,+�ZPaL
YH[PV VU H [YHUZWHYLU[ Z\YMHJL� ^L JHU
I\PSK [YHUZWHYLU[ KPZWSH �̀ (UK ^P[O H
WSHZ[PJ VY TL[HSSPJ Z\IZ[YH[L `V\ JHU
THRL P[ ÅL_PISL� 6[OLY WVZZPISL
HWWSPJH[PVUZ ^PSS JLY[HPUS` JVTL� I\[ UV^
^L HYL Q\Z[ WYV]PUN [OH[ ^L HYL HISL [V KV
[OH[�

/(' SURIHVVLRQDO� :KDW DUH WKH
WHFKQRORJLHV WKDW DUH LPSRUWDQW RU ZLOO
EHFRPH LPSRUWDQW LQ WKH ðHOG RI 66/"

+DQL .$1$$1� ([ *,(�3L[P� ^L OH]L
HSTVZ[ HSS [OL H]HPSHISL Z`Z[LTZ HUK
L_WLY[PZL [V PU[LNYH[L OL[LYVQ\UJ[PVU
LSLTLU[Z VY JVTWVULU[Z� 0U V\Y
WOV[VUPJZ KLWHY[TLU[� ^L ^VYR HSZV VU

<=� ]PZPISL HUK PUMYHYLK ZV\YJLZ HUK
KL[LJ[VYZ� )\[ ^L OH]L KLWHY[TLU[Z [OH[
HYL ^VYRPUN VU H UL^ NLULYH[PVU VM
TH[LYPHSZ� [VV� ;OL` ^VYR VU 4,4:�
TLTVY �̀ [YHUZPZ[VY� =*:,3
�]LY[PJHS�JH]P[` Z\YMHJL�LTP[[PUN SHZLY� HUK
V[OLY JVTWVULU[Z�

>L HYL HSZV HJ[P]L PU [OL HYLH VM VW[PJZ�
>L KLZPNU SLUZLZ HUK LZWLJPHSS` UL^
JVUJLW[Z VM VW[PJZ IHZLK VU
TPJYVZ[Y\J[\YL VY MYLL�MVYT VW[PJZ� >L
HYL HSZV ^VYRPUN VU SPNO[�ÄLSK KPZWSH`Z�
HUK OVSVNYHWOPJ KPZWSH`Z� ^OPJO HYL
IL`VUK JVU]LU[PVUHS �+� ;OPZ YLX\PYLZ H
UL^ HZWLJ[ VM VW[PJZ JVTIPULK ^P[O H
KPZWSH �̀ VY H TPJYVKPZWSH �̀ :V� ^L HYL
JV]LYPUN H SV[ VM [LJOUVSVNPLZ [OH[ HYL� VY
^PSS IL� \ZLK PU V\Y L]LY`KH` SP]LZ�

;OLYL HSZV HYL H SV[ VM HWWSPJH[PVUZ
KLKPJH[LK [V TLKPJHS \ZLZ [OH[ HWWS`
VW[VLSLJ[YVUPJZ MVY PU ]P]V HUK PU ]P[YV
KL[LJ[PVU VM JHUJLY TVSLJ\SLZ HUK V[OLY
HWWSPJH[PVUZ� 0[»Z HSTVZ[ HSS MVY TLKPJHS
HWWSPJH[PVUZ� >L HYL HSZV ^VYRPUN VU
T\S[P�^H]LSLUN[O ZWLJ[YVZJVW` ¶ H UL^
[`WL VM ZWLJ[YVZJVW` [OH[ ZJHUZ H [PZZ\L
\UKLY KPMMLYLU[ ^H]LSLUN[OZ HUK WYV]PKLZ
KPMMLYLU[ PUMVYTH[PVU�
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@V\ HSZV HZRLK TL HIV\[ [OL 0U[LYUL[ VM
;OPUNZ HUK J`ILY ZLJ\YP[ �̀ *,(�3L[P
OVZ[LK H [OYLL�KH` ^VYRZOVW SHZ[ 1\S` PU
.YLUVISL MVJ\ZPUN VU 0V;� �.� X\HU[\T
JVTW\[PUN� HUK HY[PÄJPHS PU[LSSPNLUJL� >L
HYL ]LY` HJ[P]L PU [OVZL HYLHZ� ^OPJO
PUJS\KL ZVTL VM [OL TVZ[ PTWVY[HU[ 9+
Z\IQLJ[Z YPNO[ UV �̂ ,]LY`IVK` ^HU[Z
PU[LSSPNLU[ HJ[P]PZT� LZWLJPHSS` MVY
H\[VUVTV\Z KYP]PUN� (UK [OL` ^HU[
J`ILYZLJ\YP[` [V WYL]LU[� MVY L_HTWSL�
O\NL [YHMÄJ QHTZ VY HJJPKLU[Z JH\ZLK I`
ZVTLIVK` OHJRPUN H JHY VU [OL YVHK�

/(' SURIHVVLRQDO� 2QH ODVW TXHVWLRQ�
:KDW GR \RX WKLQN DUH WKH
UHTXLUHPHQWV DQG FKDOOHQJHV IRU 66/
LQ WKH IXWXUH"

+DQL .$1$$1� -VY ::3 PU NLULYHS� P[»Z
JVTWSPJH[LK� -VY L_HTWSL� MVY
TPJYVKPZWSH`Z� HZ 0 ZHPK� [OLYL HYL JVSVY
PZZ\LZ HUK [OLYTHS PZZ\LZ� 7LYOHWZ H
UL^ [`WL VM LWP[H_` ZOV\SK IL KL]LSVWLK
MVY [OL UL^ NLULYH[PVU ILJH\ZL [OL
JOHYHJ[LYPZ[PJ VM H SPNO[PUN LWP[H_` ZLLTZ
[V IL UV[ VW[PTHS MVY H KPZWSH �̀ ,WP[H_`
MVY SPNO[PUN PZ KLZPNULK [V Z\WWVY[ HUK
THPU[HPU ]LY` OPNO J\YYLU[ KLUZP[` HUK
SV^ KYVVW MVY SPNO[PUN� -VY TPJYVKPZWSH`Z�
^L ULLK H KPMMLYLU[ ILOH]PVY� :LJVUKS �̀
^L HYL NLULYH[PUN JVSVYZ HUK ^L ^HU[ [V
IL HISL [V NLULYH[L UH[P]L JVSVYZ ^P[OV\[
JVSVY ZOPM[� >P[O ^OP[L 3,+Z ^L OH]L H
JVSVY ZOPM[ V]LY HUNSL� I\[ ^L JHU
LSPTPUH[L [OPZ WYVISLT PM ^L THUHNL [V
KV P[ ^P[O UH[P]L JVSVY�

,SLJ[YVUPJZ TPNO[ IL [OL ^LHRLZ[ WVPU[ PU
[OL H\[VTV[P]L ZLJ[VY ILJH\ZL ^L ULLK
]LY` OPNO J\YYLU[ KLUZP[PLZ [V WYVQLJ[ SPNO[
VU [OL YVHK� *\YYLU[ Z[HUKHYK *46:
[LJOUVSVN` ^HZ KL]LSVWLK [V KPZWSH` HU
PTHNL VY [V KL[LJ[ ^P[O H ZLUZVY� I\[
UL]LY MVY [OPZ HWWSPJH[PVU� HUK P[ T\Z[ IL
\WKH[LK� >L RUV^ OV^ [V KLSP]LY WV^LY
LSLJ[YVUPJZ ZV ^L ZOV\SK KLZPNU HU
HYJOP[LJ[\YL [OH[ JHU Z\WWVY[ ]LY` OPNO
J\YYLU[ KLUZP[PLZ�

/(' SURIHVVLRQDO� 6R� WR VXPPDUL]H� $
ORW RI YHU\ GLIIHUHQW WDVNV LQ WKH IXWXUH�

+DQL .$1$$1� @LZ� 0 PU]P[L PUK\Z[YPHS
WHY[ULYZ [V ^VYR ^P[O *,(�3L[P [V IYPUN
[OVZL WYVK\J[Z ¶ HUK PKLHZ MVY [OL M\[\YL
¶ [V [OL THYRL[�

/(' SURIHVVLRQDO� 6R� WKH IXWXUH
SURPLVHV WR EH H[FLWLQJ� 7KDQN \RX IRU
\RXU WLPH�

+DQL .$1$$1� ;OHUR `V\� "

Initiating 
Transformation 
in the European 
Lighting Industry
Repro-light is a European research 
project that aims to support the 
European lighting industry in moving 
towards a more sustainable and 
competitive future.

www.repro-light.eu

https://www.repro-light.eu


05;,9=0,> � 40*96 3,+:/(50 2(5((5! " #

�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� 0ZZ\L � 

www.led-professional.com

The Global Information Hub 
for Lighting Technologies 

powered by Luger Research e.U.

LED professional is the comprehensive publication and platform, 

connecting experts in the design, testing and production of the 

latest lighting technologies information from around the world.

GET YOUR FREE E-MAGAZINE

31,500 
MORE THAN 

READERS

www.led-professional.com/free

https://www.led-professional


+LNYHKH[PVU VM .YLLU /PNO�7V^LY
3,+Z ¶ 0UÅ\LUJL VU *VSVY :[HIPSP[`
VM 4\S[P�*OHUULS 3\TPUHPYLZ
0U [OL ÄLSK VM PU[LYPVY SPNO[PUN� T\S[P�JOHUULS S\TPUHPYLZ HYL
PUJYLHZPUNS` ILPUN \ZLK [V WYLZLU[ KH`SPNO[�SPRL SPNO[PUN ZP[\H[PVUZ�
+LWLUKPUN VU [OL HWWSPJH[PVU� 9.) VY 9.)> ZVS\[PVUZ JHU IL
HWWSPLK� 0U VYKLY [V L]HS\H[L [OL JVSVY Z[HIPSP[` VM T\S[P�JOHUULS
S\TPUHPYLZ� JVTTLYJPHSS` H]HPSHISL YLK� NYLLU� IS\L HUK ^OP[L
OPNO�WV^LY 3,+Z ^LYL Z\ITP[[LK [V ]HYPV\Z Z[YLZZ SL]LSZ� +\L [V
[OL SV^ LMÄJPLUJ` HUK [OL TH[LYPHS JVTWVZP[PVU VM NYLLU
.H5�3,+Z� HU PUJYLHZLK KLNYHKH[PVU JHU IL VIZLY]LK�
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,
1 RUGHU WR GHVFULEH WKH GHJUDGDWLRQ
EHKDYLRU RI JUHHQ /('V� WKH /('V
ZHUH DJHG DW IRXU GLIIHUHQW MXQFWLRQ

WHPSHUDWXUHV� ,Q DGGLWLRQ� E\ GHWHUPLQ�
LQJ WKH WKHUPDO UHVLVWDQFHV� DJLQJ DW
WKUHH GLIIHUHQW FXUUHQWV ZLWK D FRQVWDQW
MXQFWLRQ WHPSHUDWXUH ZDV SHUIRUPHG�
'XH WR WKH VWURQJ HIðFLHQF\ GURRS RI
JUHHQ *D1�/('V� WKH GURRS ZDV PHD�
VXUHG RYHU WKH DJLQJ SHULRG LQ RUGHU WR
VHSDUDWH DJLQJ PHFKDQLVPV� 7KH PHD�
VXUHPHQW RI WKH VSHFWUDO GLVWULEXWLRQ
DV ZHOO DV WKH PHDVXUHPHQW RI WKH ,�9
FKDUDFWHULVWLFV SURYLGH DGGLWLRQDO LQIRU�
PDWLRQ DERXW WKH GHJUDGDWLRQ PHFKD�
QLVPV� 7KH UHVXOWV VKRZ D VLJQLðFDQW
GHJUDGDWLRQ RI WKH /('V ZLWK UHVSHFW WR
WKHLU RSWLFDO DQG HOHFWULFDO SURSHUWLHV�
ZKLFK YDULHV GHSHQGLQJ RQ WKH DSSOLHG
FXUUHQW DQG VHOHFWHG MXQFWLRQ WHPSHU�
DWXUH� 8VLQJ WKH PHDVXUHG HIðFLHQF\
GURRS DQG WKH ,�9 FKDUDFWHULVWLFV� DQ
LQFUHDVH LQ WKH QRQ�UDGLDWLYH UHFRPEL�
QDWLRQ FDQ EH REVHUYHG� ZKLFK LQLWLDOO\
PDLQO\ DIIHFWV WKH UDQJH RI ORZ RSHU�
DWLQJ FXUUHQWV ��� 0LFURDPSHUH ò ��
0LOOLDPSHUH� $V WKH QXPEHU RI GHIHFWV
LQFUHDVHV� WKH UDQJH RI SUDFWLFH�UHOHYDQW
RSHUDWLQJ FXUUHQWV LV LQFUHDVLQJO\ LQñX�
HQFHG E\ GHJUDGDWLRQ� ZKLFK FRXOG EH
YLVXDOL]HG XVLQJ D VHPL�ORJ HIðFLHQF\
GURRS SORW� 'XH WR WKH GHJUDGDWLRQ D
GLIIHUHQWO\ SURQRXQFHG FRORU VKLIW FDQ
EH REVHUYHG YDU\LQJ ZLWK WKH QXPEHU RI
/(' FKDQQHOV RI WKH OXPLQDLUH V\VWHP�
5*% V\VWHPV KDYH VLJQLðFDQWO\ ORZHU
GHJUDGDWLRQ WROHUDQFHV ZLWK UHJDUG WR
JUHHQ /('V WKDQ 5*%: V\VWHPV LQ RU�
GHU WR JXDUDQWHH FRORU VWDELOLW\ DORQJ WKH
3ODQFNLDQ ORFXV� 7KH DJHLQJ UHVXOWV RI
WKH /('V LQ FRPELQDWLRQ ZLWK D VLPX�

ODWLRQ RI PXOWL�FKDQQHO OXPLQDLUHV VKRZ
WKDW GHSHQGLQJ RQ WKH RSHUDWLQJ FRQ�
GLWLRQV� YLVLEOH VKLIWV LQ WKH FRORU FRRU�
GLQDWHV FDQ RFFXU LQ FRPSDULVRQ WR WKH
LQLWLDO VWDWH GXH WR WKH GHJUDGDWLRQ RI
JUHHQ /('V�

,QWURGXFWLRQ
0U [OL WHZ[ `LHYZ� 3,+ [LJOUVSVN` OHZ PU�
JYLHZPUNS` ILLU LZ[HISPZOLK PU [OL NLU�
LYHS SPNO[PUN ZLJ[VY K\L [V P[Z LULYN` LMÄ�
JPLUJ` HUK JVTWHJ[ KLZPNU� ,ZWLJPHSS`
WOVZWOVY�JVU]LY[LK ^OP[L ZLTPJVUK\J�
[VY SPNO[ ZV\YJLZ HYL VM NYLH[ PTWVY[HUJL
PU NLULYHS SPNO[PUN HUK OH]L [OLYLMVYL ILLU
JVU[PU\V\ZS` VW[PTPaLK HUK M\Y[OLY KL]LS�
VWLK� )` ]HY`PUN [OL WOVZWOVYZ HWWSPLK
[V [OL JOPW� H SHYNL U\TILY VM WVS`JOYV�
TH[PJ ZWLJ[YH JHU IL WYVK\JLK� ^OPJO JHU
HJOPL]L HU` JVSVY [LTWLYH[\YL VM H 7SHUJR�
PHU YHKPH[VY� ( JVTIPUH[PVU VM [^V LTP[[LYZ
^P[O ]HYPHISL JVSVY [LTWLYH[\YL LUHISLZ [OL
PTWSLTLU[H[PVU VM K`UHTPJ SPNO[PUN JVU�
JLW[Z ^OPJO JHU IL HKHW[LK [V [OL HTIPLU[
JVUKP[PVUZ KLWLUKPUN VU [OL [PTL VM KH �̀

0U ]HYPV\Z Z[\KPLZ� [OLZL [^V�JOHUULS K`�
UHTPJ S\TPUHPYLZ OH]L ZOV^U WVZP[P]L LM�
MLJ[Z VU L_WVZLK Z\IQLJ[Z� -VY L_HTWSL�
HU PUJYLHZLK H[[LU[PVU VM [OL Z\IQLJ[Z JV\SK
IL VIZLY]LK B�D� (Z H YLZ\S[� SPNO[PUN Z`Z�
[LTZ PU ^OPJO [OL O\THU ILPUN PZ [OL MVJ\Z
VM [OL SPNO[PUN Z`Z[LT �/*3� OH]L ILJVTL
PUJYLHZPUNS` PTWVY[HU[� :PUJL M\[\YL /*3
SPNO[PUN Z`Z[LTZ ZOV\SK VMMLY [OL WVZZPIPS�
P[` [V YLHSPaL HYIP[YHY` JVSVY SVJH[PVUZ HUK
ZWLJ[YH� HU PUJYLHZL VM [OL U\TILY VM JVSVY
JOHUULSZ PZ ULJLZZHY �̀

;̂ V�JOHUULS [\UHISL ^OP[L ZVS\[PVUZ HYL
[OLYLMVYL L_[LUKLK I` X\HZPTVUVJOYV�
TH[PJ JOHUULSZ �L�N� YLK� NYLLU� IS\L� HUK
LUHISL WYLJPZL ZWLJ[YHS HKHW[H[PVU [V KH`�
SPNO[ ZWLJ[YH VY SPNO[PUN JVUKP[PVUZ� (S[LY�
UH[P]LS �̀ KLWLUKPUN VU [OL HWWSPJH[PVU�
[OYLL�JOHUULS Z`Z[LTZ JHU IL \ZLK ^OPJO
HYL IHZLK VU H TP_[\YL VM [OL WYPTHY` ]H�
SLUJLZ YLK� NYLLU HUK IS\L� /V^L]LY� PU
VYKLY [V IL HISL [V KLZPNU Z\JO SPNO[PUN
Z`Z[LTZ ^P[O JVSVYPTL[YPJ WYLJPZPVU HUK
YLSPHIPSP[ �̀ P[ PZ ULJLZZHY` [V RUV^ [OL ZWLJ�
[YHS ILOH]PVY VM [OL ZLTPJVUK\J[VY LTP[[LYZ
MVY KPMMLYLU[ [LTWLYH[\YLZ HUK J\YYLU[Z� 0U
HKKP[PVU� RUV^SLKNL VM [OL KLNYHKH[PVU IL�
OH]PVY VM [OL ZLTPJVUK\J[VYZ PZ LZZLU[PHS PM
H SVUN�[LYT JVSVYPTL[YPJHSS` Z[HISL PSS\TPUH�
[PVU Z`Z[LT PZ KLZPYLK� +\L [V [OL PU[LYHJ�
[PVU VM KPMMLYLU[ HNPUN TLJOHUPZTZ� [OLZL
JHU HMMLJ[ [OL JVSVY Z[HIPSP[` VM [OL Z`Z[LTZ
[OYV\NO H KLJYLHZL PU VW[PJHS WV^LY VY H
[LTWLYH[\YL�PUK\JLK� WHJRHNL VY ZLTPJVU�
K\J[VY JVSVY ZOPM[� ;OL JVTWSL_P[` VM [OLZL
HNPUN TLJOHUPZTZ THRLZ L_WLYPTLU[HS
PU]LZ[PNH[PVUZ VM KLNYHKH[PVU TLJOHUPZTZ
HUK ILOH]PVY PUKPZWLUZHISL� +\L [V [OL L_�
PZ[PUN NYLLU NHW WYVISLTH[PJ� [OL HNLPUN
ILOH]PVY VM NYLLU OPNO�WV^LY 3,+Z ^PSS IL
PU]LZ[PNH[LK PU [OL MVSSV^PUN� 0U HKKP[PVU�
P[Z PUÅ\LUJL VU [OL JVSVY Z[HIPSP[` VM T\S[P�
JOHUULS S\TPUHPYLZ L]HS\H[LK�

([SHULPHQWV

;OL L_WLYPTLU[Z OH]L ILLU JHYYPLK V\[
\ZPUN JVTTLYJPHSS` H]HPSHISL NYLLU OPNO�
WV^LY 3,+Z ^P[O H WLHR ^H]LSLUN[O VM
��� UT� ;OL ^HSS�WS\N LMÄJPLUJ` JHU IL
X\HU[PÄLK ��� H[ ���T( HUK H UVTP�
UHS J\YYLU[ VM ����T( PZ NP]LU� ;OL ZPS�
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PJVU LUJHWZ\SH[LK :4+ WHJRHNLZ ^LYL
TV\U[LK VU H TL[HS JVYL IVHYK ^P[O H
7;��� [LTWLYH[\YL ZLUZVY JSVZL [V [OL
3,+Z ZVSKLY WVPU[ T*� ;OL VW[PJHS TLH�
Z\YLTLU[Z HYL WLYMVYTLK \ZPUN H ZWLJ�
[YVTL[LY �*(:���*;� PU JVTIPUH[PVU ^P[O
H 7;-, PU[LNYH[PUN ZWOLYL� ;OL Z`Z[LT PZ
HIZVS\[LS` JHSPIYH[LK HUK WYV]PKLZ PUMVY�
TH[PVU HIV\[ [OL LSLJ[YVS\TPULZJLUJL �,3�
ZWLJ[Y\T HUK [OL HIZVS\[L YHKPHU[ Å\_�
+\L [V [OL TH_PT\T PU[LNYH[PVU [PTL VM
�� Z ^P[O JVYYLZWVUKPUN KHYR J\YYLU[ JVT�
WLUZH[PVU� TLHZ\YLTLU[Z VM SV^ VW[PJHS
PU[LUZP[PLZ HYL WVZZPISL� 6U [OPZ IHZPZ� [OL
J\YYLU[�KLWLUKLU[ LMÄJPLUJ` VM [OL 3,+Z
JHU IL TLHZ\YLK PU H J\YYLU[ YHUNL MYVT
��� �( [V ���T(� ;OL 3,+Z HYL WV^�
LYLK ^P[O H ZV\YJL TLHZ\YL \UP[ �2LP[OSL`
����� ^P[O ��^PYL ZL[\W HUK HYL W\SZLK MVY
VW[PJHS TLHZ\YLTLU[ H[ TLHZ\YLTLU[ J\Y�
YLU[Z HIV]L �T( [V H]VPK LMMLJ[Z VM QV\SL
OLH[PUN� ;OL [LTWLYH[\YL VM [OL 3,+Z K\Y�
PUN [OL TLHZ\YLTLU[ PZ JVU[YVSSLK \ZPUN H
7LS[PLY LSLTLU[ PU JVTIPUH[PVU ^P[O H 7LS[PLY
JVU[YVSSLY �;OVYSHIZ 0;* ������ ;OL [OLY�
THS YLZPZ[HUJL PZ KL[LYTPULK I` H [OLYTHS
PTWLKHUJL TLHZ\YLTLU[ Z`Z[LT KL]LS�
VWLK I` 4LU[VY�.YHWOPJZ �;�Z[LY Z`Z[LT��
;OL Z`Z[LT WYV]PKLZ PUMVYTH[PVU HIV\[ [OL
[OLYTHS Z[Y\J[\YL M\UJ[PVU VM [OL JOHYHJ[LY�
PaLK ZHTWSL�

(M[LY HU PUP[PHS VW[PJHS� LSLJ[YPJHS HUK [OLY�
THS JOHYHJ[LYPaH[PVU PU [OL [LTWLYH[\YL
YHUNL IL[^LLU �� ◦* HUK �� ◦*� MV\Y ZHT�
WSLZ LHJO HYL HNLK H[ H JVUZ[HU[ J\YYLU[
VM ���T( HUK MV\Y KPMMLYLU[ JHZL [LT�
WLYH[\YLZ ^OPJO HYL TLHZ\YLK H[ [OL ZVS�
KLY WVPU[ ��� ◦*��� ◦*���� ◦*���� ◦*�� 0U
HKKP[PVU� [OL 3,+Z ^LYL HNLK H[ H JVU�
Z[HU[ Q\UJ[PVU [LTWLYH[\YL VM ��� ◦* ^P[O
MVY^HYK J\YYLU[Z VM ���T(� ���T( HUK
����T(� 0U [OPZ ^H �̀ H ZLWHYH[L PUÅ\LUJL
VM [OL [LTWLYH[\YL HUK [OL J\YYLU[ VU [OL
KLNYHKH[PVU ILOH]PVY PZ [V IL KL[LYTPULK�

0XOWL�&KDQQHO
/XPLQDLUHV ò 7KHRUHWLFDO
$SSURDFK

0U [OL MVSSV^PUN� [OL KLZPNU HUK JVSVY TP_�
PUN VM T\S[P�JOHUULS S\TPUHPYLZ ^PSS IL KPZ�
J\ZZLK� -PYZ[� WVZZPISL [OLVYL[PJHS PUÅ\�
LUJLZ VM [OL NYLLU JVSVY JOHUULS VU 9.)
Z`Z[LTZ HUK 9.)> Z`Z[LTZ HYL L]HS\�
H[LK� ;OL [OLVYL[PJHS HZZLZZTLU[ PZ MVS�
SV^LK I` H WYHJ[PJHS L_HTPUH[PVU IHZLK VU
YLHS HNLPUN KH[H�

;OL [HYNL[ JVSVYZ [V IL TP_LK HYL ZLSLJ[LK
HSVUN [OL 7SHUJRPHU SVJ\Z� )HZLK VU [OL
JVSVY [LTWLYH[\YLZ VM JVU]LU[PVUHS [LTWLY�
H[\YL YHKPH[VYZ� H YHUNL VM ����2¶����2
PZ JVUZPKLYLK� ;OL IHZL ZWLJ[YH \ZLK PU

[OL MVSSV^PUN HYL ZWLJ[YH VM YLK ���� UT��
NYLLU ���� UT� HUK KLLW IS\L ���� UT�
OPNO�WV^LY 3,+Z� -VY [OL ��JOHUULS Z`Z�
[LT� H HKKP[PVUHS ^OP[L 3,+ ^P[O H JVSVY
[LTWLYH[\YL VM ����2 PZ \ZLK� ;OL IHZL
ZWLJ[YH HYL ZOV^U PU )LJXUH �� -VY [OL

-PN\YL �! )HZL ZWLJ[YH MVY ����JOHUULS
S\TPUHPYLZ 9LK ���� UT�� .YLLU ���� UT��
)S\L ���� UT�� >OP[L �����2�

JVSVY TP_PUN JHSJ\SH[PVUZ VM [OL 3,+ Z`Z�
[LT� [OL IHZL ZWLJ[YH HYL ÄYZ[ JVU]LY[LK
PU[V [OL JVYYLZWVUKPUN [YPZ[PT\S\Z ]HS\LZ VM
[OL *0, Z[HUKHYK ]HSLUJL Z`Z[LT \ZPUN [OL
�� VIZLY]LY JVSVY TH[JOPUN M\UJ[PVUZ� :\I�
ZLX\LU[S �̀ H JVU]LYZPVU [V [OL [YPZ[PT\S\Z
]HS\LZ PZ WLYMVYTLK� ( KL[HPSLK KLZJYPW[PVU
VM [OL WYVJLK\YL MVY JVSVY TP_PUN VM T\S[P�
JOHUULS S\TPUHPYLZ PZ UV[ [OL Z\IQLJ[ VM [OPZ
W\ISPJH[PVU HUK PZ [OLYLMVYL VUS` KLZJYPILK
ZJOLTH[PJHSS �̀

;OL KLZPYLK JVSVY JVVYKPUH[LZ VM [OL S\TP�
UHPYL JHU IL JHSJ\SH[LK \ZPUN

xTP_ = XTP_/(XTP_ + YTP_ + ZTP_) ���

yTP_ = XTP_/(XTP_ + YTP_ + ZTP_) ���

0UP[PHSS �̀ [OL IYPNO[ULZZ VM [OL [HYNL[ JVSVY
JVVYKPUH[LZ PZ VUS` JVUZPKLYLK YLSH[P]LS �̀
;OL JVTIPULK JVSVY VM [OL KPMMLYLU[ JOHU�
ULSZ */�� */�� */� HUK */� PZ NP]LU ^P[O
[OL [YPZ[PT\S\Z ]HS\LZ ^P[O!

XTP_ = X� +X� +X� +X� ���

YTP_ = Y� + Y� + Y� + Y� ���

ZTP_ = Z� + Z� + Z� + Z� ���

<ZPUN [OLZL LX\H[PVUZ� [OL WYVWVY[PVUZ VM
[OL PUKP]PK\HS JVSVY JOHUULSZ JHU IL JHS�
J\SH[LK PU YLSH[P]P[` [V LHJO V[OLY� :\IZL�
X\LU[S �̀ [OL YH[PVZ HYL ZJHSLK VU [OL IHZPZ
VM [OL HIZVS\[LS` TLHZ\YLK ZWLJ[YH� ;OL
IYPNO[ULZZ PZ TH_PTPaLK I` H ��� WLY�
JLU[ V\[W\[ VM [OL JVSVY JOHUULS ^P[O [OL
SHYNLZ[ WYVWVY[PVU VM [OL [V[HS ZWLJ[Y\T�
-VY [OL KPTTPUN VM [OL JOHUULSZ� H SPU�
LHY 7>4 KPTTPUN ILOH]PVY PZ HZZ\TLK�
-V\Y�JOHUULS Z`Z[LTZ HYL KLZPNULK HUHS�
VNV\Z [V [OYLL�JOHUULS Z`Z[LTZ� ^P[O [OL
KPMMLYLUJL [OH[ [^V WYPTHY` ]HSLUJLZ HYL
JVTIPULK PU[V VUL WYPTHY` ]HSLUJL \ZPUN
H ^LPNO[PUN MHJ[VY� ;OL ^LPNO[PUN MHJ[VY

PZ KL[LYTPULK I` VW[PTPaPUN [OL JVSVY YLU�
KLYPUN PUKL_ �*90� VM [OL LU[PYL Z`Z[LTZ
ZWLJ[Y\T�

0U VYKLY [V IL HISL [V JHYY` V\[ H [OLVYL[�
PJHS LZ[PTH[PVU VM [OL TH_PT\T KLNYHKH�
[PVU SPTP[Z VM [OL NYLLU JVSVY JOHUULS ^P[O
YLZWLJ[ [V [OL JVSVY Z[HIPSP[` VM [OL V]LY�
HSS Z`Z[LT� H JHSJ\SH[PVU VM [OL S\TPUHUJL
YH[PVZ MVY [OL JVYYLZWVUKPUN JVSVY [LTWLYH�
[\YLZ PZ JHYYPLK V\[ ^P[O [OL \UKLYS`PUN IHZL
ZWLJ[YH� ;OL S\TPUHUJL YH[PVZ VM [OL 9.)
Z`Z[LT MVY TP_PUN [OL [HYNL[ JVSVY JVVYKP�
UH[LZ HSVUN [OL ISHJRIVK` SVJ\Z JHU IL
ZLLU PU )LJXUH �� ;OL KPTTPUN JVUKP[PVUZ
KL[LYTPULK I` [HRPUN [OL YLHS TLHZ\YLTLU[
KH[H PU[V HJJV\U[ HYL ZOV^U PU [OL 0UZL[ VM
)LJXUH ��

;OL ]HS\LZ MVY [OL ��JOHUULS Z`Z[LT HYL
ZOV^U PU )LJXUH ��

)` ^LPNO[PUN [OL ZWLJ[YH ^P[O [OL NP]LU
KPTTPUN YH[PVZ� [OL KLZPYLK [HYNL[ JVSVY JV�
VYKPUH[LZ HSVUN [OL ISHJRIVK` SVJ\Z JHU
IL WYLJPZLS` TH[JOLK� 0U [OPZ ^H �̀ [OL PUP[PHS
Z[H[L VM [OL Z`Z[LT JHU IL HZZ\TLK ^P[O�
V\[ HNLPUN VY [LTWLYH[\YL PUÅ\LUJLZ� 0U
VYKLY [V JHSJ\SH[L H [VSLYHISL KLNYHKH[PVU VM
PUKP]PK\HS JVSVY JOHUULSZ� H TH_PT\T [VSLY�
HISL JVSVY ZOPM[ VM [OL V]LYHSS Z`Z[LT T\Z[
IL KLÄULK ÄYZ[� /LYL� H ��Z[LW 4HJ(KHT
LSSPWZL PZ KLÄULK HZ [OL TH_PT\T HSSV^HISL
JVSVY ZOPM[� ZPUJL [OPZ JVSVY KPMMLYLUJL JHU
IL WLYJLP]LK I` HU L_WLYPLUJLK VIZLY]LY
HJJVYKPUN [V B�D� ;OL JVSVY KPZ[HUJL PU [OL
*0, � �� JVSVY ZWHJL PZ HZZ\TLK I` H ZPT�
WSPÄLK JPYJSL ^P[O H YHKP\Z VM r = 0.003� 0U
HKKP[PVU� P[ PZ HZZ\TLK [OH[ VUS` [OL NYLLU
JVSVY JOHUULS PZ \UKLY KLNYHKH[PVU� [OL YL�
THPUPUN JOHUULSZ VM [OL Z`Z[LT [OLYLMVYL
YLTHPU \UHMMLJ[LK�

0M [OL ZOPM[Z VM [OL V]LYHSS Z`Z[LT HYL JHS�
J\SH[LK \UKLY [OLZL JVUKP[PVUZ� [OL JVSVY
JVVYKPUH[LZ WYLZLU[LK PU )LJXUH � YLZ\S[�
:OV^U HYL [OL JOHUNLZ VM [OL 9.)� HZ ^LSS
HZ [OL JOHUNLZ VM [OL 9.)> Z`Z[LT [V
IL HISL [V PUKPJH[L H TH_PT\T JVSVY KPZ�
[HUJL VM H ��Z[LW 4HJ(KHT LSSPWZL MYVT
[OL ISHJRIVK` SVJ\Z�

0U HKKP[PVU� )LJXUH � 0UZL[ ZOV^Z [OL WLY�
JLU[HNL VM [OL PUP[PHS YHKPH[PVU Å\_ H[ ^OPJO
[OL V]LYHSS Z`Z[LT YLTHPUZ ^P[OPU [OL KL�
ÄULK SPTP[Z� -\Y[OLYTVYL� P[ PZ HZZ\TLK [OH[
VUS` H KLJYLHZL VM [OL VW[PJHS WV^LY VJ�
J\YZ� ,MMLJ[Z [OH[ JHU VYPNPUH[L MYVT H JVSVY
ZOPM[ VM [OL ZLTPJVUK\J[VY VY HU PUJYLHZLK
QV\SL OLH[PUN YLTHPU \UJVUZPKLYLK H[ ÄYZ[�

)LZPKLZ [OL KLJYLHZL VM [OL VW[PJHS WV^LY�
JVSVYPTL[YPJ ZOPM[Z VM [OL V]LYHSS Z`Z[LT JHU
HSZV VJJ\Y K\L [V [LTWLYH[\YL JOHUNLZ� ;V
JVUZPKLY [OLZL PUÅ\LUJLZ KPMMLYLU[ JH\ZLZ
MVY [LTWLYH[\YL JOHUNLZ OH]L [V IL [HRLU



-PN\YL �! 9LSH[P]L S\TPUHUJL MVY [OL 9.) Z`Z[LT PU H JVSVY [LTWLYH[\YL YHUNL VM
2200K¶6500K� 0UZL[! 9LZ\S[PUN 7>4 K\[` J`JSL

-PN\YL �! 9LSH[P]L S\TPUHUJL MVY [OL 9.)> Z`Z[LT PU H JVSVY [LTWLYH[\YL YHUNL VM
2200K¶6500K� 0UZL[! 9LZ\S[PUN 7>4 K\[` J`JSL
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PU[V HJJV\U[� +\L [V KLWLUKLUJL VM [OL
3,+Z Q\UJ[PVU [LTWLYH[\YL� NP]LU ^P[O

TQ = R[O · P[O + TJ ���

H JOHUNL VM [OL [OLYTHS YLZPZ[HUJL VY [OL
[OLYTHS WV^LY ZOV\SK IL JVUZPKLYLK� ( KL�
JYLHZL PU VW[PJHS WV^LY H[ JVUZ[HU[ LSLJ[YP�
JHS WV^LY YLZ\S[Z PU HU PUJYLHZL VM [OLYTHS
WV^LY Pth

P[O = PLS − PVW[ ���

0U VYKLY [V LZ[PTH[L H TH_PT\T [VSLYHISL
JOHUNL PU Q\UJ[PVU [LTWLYH[\YL� [OL ZWLJ�
[Y\T VM [OL 3,+ ^HZ YLJVYKLK H[ KPMMLYLU[
[LTWLYH[\YLZ� ZOV^U PU )LJXUH �� )` PU[LY�
WVSH[PUN [OL ZWLJ[YH IL[^LLU [OL TLHZ\YLK
[LTWLYH[\YLZ� [OL TH_PT\T [LTWLYH[\YL
JOHUNL MVY [OL JVYYLZWVUKPUN [HYNL[ JVSVY
JVVYKPUH[LZ JHU IL KL[LYTPULK�

;OL TH_PT\T HSSV^LK [LTWLYH[\YL JOHUNL
VM [OL NYLLU JOHUULS PU 9.) Z`Z[LTZ V]LY
[OL LU[PYL JVSVY [LTWLYH[\YL YHUNL MYVT
����2¶����2 JHU IL X\HU[PÄLK HZ HW�
WYV_PTH[LS` ��.�2 HUK PZ HSTVZ[ JVUZ[HU[�
-VY 9.)> Z`Z[LTZ� [OL TH_PT\T WLY�
TPZZPISL JOHUNL H[ H JVSVY [LTWLYH[\YL VM
����2 JHU IL ZWLJPÄLK ^P[O ∆T =��2�
H[ OPNOLY JVSVY [LTWLYH[\YLZ [OL TH_PT\T
HSSV^HISL JOHUNL PZ HIV]L ��2 HUK JHU
[OLYLMVYL IL ULNSLJ[LK�

0U VYKLY [V IL HISL [V LZ[PTH[L Z\JO H [LT�
WLYH[\YL JOHUNL� [OL LMÄJPLUJ` VM [OL 3,+
T\Z[ IL JVUZPKLYLK ÄYZ[� 0UP[PHSS �̀ [OL LSLJ�
[YPJHS WV^LY H[ ���T( JHU IL ZWLJPÄLK
^P[O PLS = �.��>" ^P[O H ^HSS WS\N LMÄ�
JPLUJ` VM ���� [OL VW[PJHS WV^LY YLZ\S[Z
PU PVW[ = �.��> HUK [OL [OLYTHS WV^LY
PU P[O = �.��>� :PUJL H SHYNL WHY[ VM [OL
LSLJ[YPJHS WV^LY PZ HSYLHK` JVU]LY[LK PU[V
[OLYTHS WV^LY K\L [V [OL SV^ LMÄJPLUJ �̀ PU
[OL JHZL VM PLS = P[O H JOHUNL PU [OL Q\UJ�
[PVU [LTWLYH[\YL ^V\SK YLZ\S[ HJJVYKPUN [V
LX\H[PVU!

∆TQ =  .�2>−� · �.��> = �.��2 ���

+\L [V [OL TH_PT\T HJJLW[HISL JOHUNL VM
��.�2� Z\JO H JVUKP[PVUHS JVSVY JVVYKPUH[L
ZOPM[ PZ ULNSPNPISL� ;OL WLYTPZZPISL JOHUNLZ
^P[O YLNHYK [V [OLYTHS YLZPZ[HUJLZ JHU IL
LZ[PTH[LK HZ MVSSV^Z!

∆R[O = ∆T/P[O = ��.�2/�.��> =  .�2>−�

� �
;O\Z� [OL [OLYTHS YLZPZ[HUJL ^V\SK OH]L
[V JOHUNL I`  .�2>−� K\YPUN KLNYHKH�
[PVU PU VYKLY [V JVU[YPI\[L [V JVSVYPTL[YPJ
PUZ[HIPSP[` VM [OL V]LYHSS Z`Z[LT� )HZPJHSS �̀
OV^L]LY� P[ ZOV\SK IL JVUZPKLYLK [OH[ [OL
V]LYHSS Z`Z[LT TH` OH]L SV^LY [LTWLYH[\YL
SPTP[Z K\L [V [OL [LTWLYH[\YL�ZLUZP[P]L YLK
JVSVY JOHUULSZ� 0U VYKLY [V IL HISL [V NP]L
HU HZZLZZTLU[ HZ [V ^OL[OLY [OLZL KLNYH�
KH[PVU SPTP[Z HYL L_JLLKLK ^P[OPU [OL ZJVWL
VM YLHS HNLPUN� [OL KLNYHKH[PVU YLZ\S[Z ^PSS
IL KPZJ\ZZLK ILSV �̂



-PN\YL �! ;LTWLYH[\YL�KLWLUKLU[ JOHUNL VM [OL ZWLJ[Y\T H[ H TLHZ\YLTLU[ J\YYLU[ VM
50mA HUK [OL JHZL [LTWLYH[\YLZ VM ;C = 25 ◦C� 40 ◦C� 55 ◦C HUK 70 ◦C

-PN\YL �! +LJYLHZL VM [OL VW[PJHS WV^LY MVY KPMMLYLU[ TLHZ\YPUN J\YYLU[Z H[ H KLNYHKH[PVU
H[ 0F $ 700mA HUK ;C $ 55 ◦C

-PN\YL �! +LJYLHZL VM [OL L_[LYUHS X\HU[\T LMÄJPLUJ` MVY KPMMLYLU[ TLHZ\YPUN J\YYLU[Z H[ H
KLNYHKH[PVU H[ 0F $ 700mA HUK ;C $ 55 ◦C
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'HJUDGDWLRQ RI *UHHQ
+LJK 3RZHU /('V

(M[LY H WYL]PV\Z VW[PJHS� [OLYTHS HUK LSLJ[YP�
JHS JOHYHJ[LYPaH[PVU� NYLLU 3,+Z ^LYL HNLK
V]LY H WLYPVK VM ���� OV\YZ H[ MV\Y KPMMLY�
LU[ [LTWLYH[\YLZ� ;OL JHZL [LTWLYH[\YLZ
^LYL �� ◦*� �� ◦*� ��� ◦* HUK ��� ◦* HUK
^LYL TLHZ\YLK H[ [OL 3,+Z ZVSKLY WVPU[� 0U
VYKLY [V LZ[PTH[L HU HKKP[PVUHS J\YYLU[ KL�
WLUKLUJL VM [OL KLNYHKH[PVU� H M\Y[OLY [LZ[
ZLYPLZ ^P[O ���T(� ���T( HUK ����T(
^HZ HNLK V]LY H WLYPVK VM ���� OV\YZ� ;OL
Q\UJ[PVU [LTWLYH[\YL PZ ZL[ [V ��� ◦* MVY
HSS [OYLL VWLYH[PUN J\YYLU[Z� ;OL ,3 TLH�
Z\YLTLU[Z� ^OPJO ^LYL JHYYPLK V\[ K\YPUN
Z[YLZZ� ^LYL YLJVYKLK H[ TLHZ\YPUN J\Y�
YLU[Z VM ��� �(¶���T( HUK WYV]PKL YLZ\S[Z
YLNHYKPUN [OL HIZVS\[L YHKPH[PVU Å\_ HZ ^LSS
HZ [OL ILOH]PVY VM JVSVYPTL[YPJHSS` YLSL]HU[
WHYHTL[LYZ VM PUKP]PK\HS ,3 ZWLJ[YH�

;OL KLJYLHZL VM [OL VW[PJHS WV^LY VM HU
3,+ HNLK H[ ;* = �� ◦* HUK ���T( PZ
ZOV^U PU )LJXUH ��

(NHPUZ[ [OL HZZ\TW[PVU [OH[ KLNYHKH[PVU
YLZ\S[Z PU H \UPMVYT JOHUNL VM [OL VW[PJHS
WV^LY� P[ PZ ZOV^U [OH[ [OL YHUNL VM SV^
HUK TLKP\T TLHZ\YLTLU[ J\YYLU[Z PZ ZPN�
UPÄJHU[S` Z[YVUNLY PUÅ\LUJLK I` [OL KLNYH�
KH[PVU TLJOHUPZTZ� 4LHZ\YLTLU[Z JHYYPLK
V\[ H[ H TLHZ\YLTLU[ J\YYLU[ VM ��� �(
ZOV^ HU ��� KLJYLHZL ^P[OPU ���� OV\YZ�
;OL KLNYHKH[PVU VM [OL VW[PJHS WV^LY PZ
HSZV ZOV^U PU [OL TLHZ\YLTLU[ VM [OL L_�
[LYUHS X\HU[\T LMÄJPLUJ �̀ ;OL PUÅ\LUJL VM
[OL KLNYHKH[PVU TLJOHUPZTZ VU [OL YHUNL
VM [OL VWLYH[PUN J\YYLU[ VM ���T( PZ VUS`
ZSPNO[S` WYVUV\UJLK HUK JHU IL X\HU[PÄLK
H[ HIV\[ �� MVY [OL 3,+ ZOV^U HIV]L�
;OL JVUZPKLYH[PVU VM [OL L_[LYUHS X\HU�
[\T LMÄJPLUJ` �,8,� ZOV^Z [OH[ H Z[YVUN
NYHK\HS KLJYLHZL VM [OL LMÄJPLUJ` MVY ZTHSS
J\YYLU[ KLUZP[PLZ JHU IL VIZLY]LK� 0M [OL
ILOH]PVY VM [OL ,8, ZOV^U PU )LJXUH � PZ
KLZJYPILK \ZPUN [OL ()* TVKLS NP]LU ^P[O

EQE = ηL_[Y · ηPUQ ·
Bn2

An+Bn2 + Cn3
����

0[ JHU IL HZZ\TLK [OH[ KLNYHKH[PVU JHUUV[
IL L_WSHPULK I` JOHUNPUN [OL SPNO[ L_[YHJ�
[PVU LMÄJPLUJ` ηL_[Y VY [OL PUQLJ[PVU LMÄJPLUJ`
ηPUQ� 0M [OLZL WHYHTL[LYZ HYL UV[ J\YYLU[ KL�
WLUKLU[� [OLPY KLNYHKH[PVU ^V\SK YLZ\S[ PU H
\UPMVYT KLJYLHZL VM [OL L_[LYUHS X\HU[\T
LMÄJPLUJ �̀

9H[OLY� H JOHUNL PU [OL PU[LYUHS X\HU[\T
LMÄJPLUJ` JHU IL L_WSHPULK ^P[O

IQE =
Bn2

An+Bn2 + Cn3
����

[OL JHYYPLY JVUJLU[YH[PVU U� [OL YHKPH[P]L YL�
JVTIPUH[PVU JVLMÄJPLU[ )� [OL UVU�YHKPH[P]L
:9/ YLJVTIPUH[PVU JVLMÄJPLU[ ( HUK [OL



-PN\YL �! *OHUNLZ PU [OL 0�=�JOHYHJ[LYPZ[PJZ H[ H KLNYHKH[PVU H[ 0F $ 700mA HUK ;C $
55 ◦C

-PN\YL  ! ;LTWLYH[\YL�KLWLUKLU[ KLNYHKH[PVU ILOH]PVY H[ ;C $ 55 ◦C� 85 ◦C� 105 ◦C HUK
125 ◦C ^P[O 0F $ 700mA� 4LHU ]HS\LZ VM � 3,+Z LHJO� TLHZ\YLK H[ 25 ◦C HUK 30mA

-PN\YL ��! *\YYLU[�KLWLUKLU[ KLNYHKH[PVU ILOH]PVY H[ ;j $ 141 ◦C ^P[O 0F $ 350mA�
700mA HUK 1000mA� 4LHU ]HS\LZ VM � 3,+Z LHJO� TLHZ\YLK H[ 25 ◦C HUK 30mA
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(\NLY YLJVTIPUH[PVU JVLMÄJPLU[ *� +\L [V
(U " )U2 � *U3 UVU�YHKPH[P]L YLJVTIPUH�
[PVU PZ KVTPUHU[ PU [OL YHUNL VM SV^ JHYYPLY
JVUJLU[YH[PVUZ� ,ZWLJPHSS` PU [OPZ YHUNL H
Z[YVUN KLNYHKH[PVU JHU IL VIZLY]LK� ^OPJO
JV\SK IL HZZPNULK [V HU PUJYLHZL VM [OL
:9/ JVLMÄJPLU[ B�D�

;OPZ Z[H[LTLU[ JHU IL Z\IZ[HU[PH[LK I`
JVUZPKLYPUN [OL LSLJ[YPJHS KLNYHKH[PVU JOHY�
HJ[LYPZ[PJZ� )LJXUH � ZOV^Z [OL 0�= JOHYHJ�
[LYPZ[PJ MVY HU HNLPUN WLYPVK VM ���� OV\YZ�
,ZWLJPHSS` PU [OL YHUNL VM SV^ MVY^HYK ]VS[�
HNLZ HU PUJYLHZL VM [OL MVY^HYK J\YYLU[
JHU IL VIZLY]LK� ^OPJO ZOV^Z HU HSTVZ[
SPULHY ZSVWL PU H ZLTP�SVNHYP[OTPJ WSV[� (Z
H YLZ\S[� HU LULYNL[PJHSS` TVYL MH]VYHISL
WH[O MVY JHYYPLY [YHUZWVY[ L_PZ[Z WHYHSSLS [V
[OL KPVKL ]VS[HNL [OH[ PZ [V IL V]LYJVTL�
(JJVYKPUN [V B�D� B�D� B�D HUK B�D� [OPZ JHU
IL HZZPNULK [V H KLMLJ[ HZZPZ[LK [\UULSPUN�
^OPJO PZ WYVTV[LK I` KLLW�SL]LS Z[H[LZ�
.H ]HJHUJPLZ� 5 ]HJHUJPLZ VY 4N ]HJHUJ`
JVTWSL_LZ HYL UHTLK HZ WVZZPISL JH\ZLZ
MVY [OL VYPNPU VM [OL KLLW�SL]LS Z[H[LZ [OH[
PUJYLHZL UVU�YHKPH[P]L YLJVTIPUH[PVU�

;OL [LTWLYH[\YL�KLWLUKLU[ KLNYHKH[PVU
ILOH]PVY YLJVYKLK \ZPUN [OL HNLPUN JVU�
KP[PVUZ KLZJYPILK HIV]L JHU IL ZLLU PU
)LJXUH  � +\L [V [OL Z[HUKHYK KL]PH[PVU VM
[OL HNLPUN KH[H� UV YLSPHISL Z[H[LTLU[ JHU
IL THKL YLNHYKPUN HU (YYOLUP\Z ILOH]PVY�
>P[OPU H KLNYHKH[PVU [PTL VM ��� OV\YZ�
HU L_WLJ[LK ILOH]PVY JHU IL KL[LYTPULK
HJJVYKPUN [V ^OPJO [OL Z[YVUNLZ[ KLNYHKH�
[PVU PZ HZZVJPH[LK ^P[O [OL OPNOLZ[ Q\UJ[PVU
[LTWLYH[\YL� (M[LY JVTWSL[PVU VM [OPZ HNL�
PUN WYVJLZZ� OV^L]LY� Z\JO ILOH]PVY JHU
UV SVUNLY IL WYV]LU VU [OL IHZPZ VM [OL
TLHZ\YLK KH[H�

;OL KPMMLYLUJLZ IL[^LLU ]HYPV\Z Z[YLZZ
J\YYLU[Z HUK PKLU[PJHS Q\UJ[PVU [LTWLYH�
[\YLZ HYL T\JO TVYL ZPNUPÄJHU[� ( JSLHY
JVYYLSH[PVU VM VW[PJHS KLNYHKH[PVU HUK HN�
PUN J\YYLU[ JHU IL VIZLY]LK ^P[OPU ����
OV\YZ� *VUZLX\LU[S �̀ H[ H MVY^HYK J\YYLU[
VM ����T(� [OL Z[YVUNLZ[ KLNYHKH[PVU VM
[OL 3,+Z JHU IL VIZLY]LK�

-\Y[OLYTVYL� H ZOPM[ VM [OL WLHR ^H]LSLUN[O
PZ TLHZ\YLK K\YPUN KLNYHKH[PVU� )LJXUH ��
ZOV^Z [OH[ [OL 3,+Z YLK� HUK IS\LZOPM[ ^P[O
YLZWLJ[ [V [OLPY WLHR ^H]LSLUN[O ^P[O PU�
JYLHZPUN HNPUN [PTL� /LYL P[ PZ UV[PJLHISL
[OH[ H[ J\YYLU[Z ILSV^ �T(� H KLJYLHZL
PU [OL TLHZ\YLK WLHR ^H]LSLUN[O JHU IL
VIZLY]LK� ^OPSL H[ J\YYLU[Z HIV]L� HU PU�
JYLHZL PU [OL WLHR LTPZZPVU ^H]LSLUN[O
JHU IL KL[LJ[LK�

;OL TH_PT\T ZWLJ[YHS ZOPM[ VJJ\YZ H[ H
J\YYLU[ KLUZP[` VM �T(¶��T( HUK PZ [O\Z
HSTVZ[ H[ [OL TH_PT\T VM [OL J\YYLU[�
KLWLUKLU[ LMÄJPLUJ �̀ ;OL TLJOHUPZT JHU



-PN\YL ��! :OPM[ VM WLHR ^H]LSLUN[O HZ H M\UJ[PVU VM Z[YLZZ [PTL MVY KPMMLYLU[ TLHZ\YLTLU[
J\YYLU[Z V]LY H WLYPVK VM ���� OV\YZ H[ ;j $ 141 ◦C HUK 0F $ 1000mA

-PN\YL ��! *VSVY ZOPM[ HZ H M\UJ[PVU VM Z[YLZZ [PTL MVY KPMMLYLU[ TLHZ\YLTLU[ J\YYLU[Z V]LY
H WLYPVK VM ���� OV\YZ H[ ; j $ 141 ◦C HUK 0F $ 1000mA

-PN\YL ��! :OPM[ VM [OL JVSVY JVVYKPUH[LZ PU [OL *0, KPHNYHT ¶ *0, � �� 2◦ MVY ���� OV\YZ
MVY [OL 9.)�9.)> Z`Z[LT H[ H KLNYHKH[PVU ^P[O 0F $ 1000mA HUK ; j $ 141 ◦C ¶
TLHZ\YLTLU[ J\YYLU[ 0meas $ 700mA� 0UZL[! 9LZ\S[PUN JVSVY KPZ[HUJL ∆\»]» [V PUP[PHS Z[H[L
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IL PKLU[PÄLK HZ H JVTIPUH[PVU VM PUJYLHZLK
:9/ YLJVTIPUH[PVU HUK JOHUNLZ VM [OL
PU[LYUHS LSLJ[YPJ ÄLSKZ ^P[OPU [OL X\HU[\T
^LSS Z[Y\J[\YL B�D�

( ZOPM[ VM [OL WLHR ^H]LSLUN[O K\L [V [OLY�
THS PUÅ\LUJLZ JHU IL Y\SLK V\[ IV[O K\L
[V [OL W\SZLK TLHZ\YLTLU[ VM [OL ,3 ZWLJ�
[Y\T HUK K\L [V [OL MHJ[ [OH[ H ZOPM[ VM [OL
WLHR ^H]LSLUN[O I` �.� UT ^V\SK JVYYL�
ZWVUK [V H [LTWLYH[\YL JOHUNL VM TVYL
[OHU ∆T = ��2�

;OL JOHUNLZ PU VW[PJHS WV^LY HUK WLHR
^H]LSLUN[O KLZJYPILK HIV]L OH]L HU PU�
Å\LUJL VU [OL JVSVYPTL[YPJ JOHYHJ[LYPZ[PJZ
VM [OL 3,+Z� (JJVYKPUN [V )LJXUH �� H
JVSVY ZOPM[ V]LY [OL HNPUN WLYPVK VM ����
OV\YZ JHU IL VIZLY]LK KLWLUKPUN VU [OL
TLHZ\YLTLU[ J\YYLU[� 7HY[PJ\SHYS` Z[YVUN
JOHUNLZ JHU IL VIZLY]LK ^P[O TLHZ\YPUN
J\YYLU[Z ILSV^ �T(� ;OL TLHZ\YLTLU[
J\YYLU[ VM ���T( YLSL]HU[ MVY WYHJ[PJHS HW�
WSPJH[PVU ZOV^Z JVSVYPTL[YPJ Z[HIPSP[` V]LY
[OL HNPUN WLYPVK HUK TV]LZ ^P[OPU H ��Z[LW
4HJ(KHT LSSPWZL�

,QñXHQFHV RQ
0XOWL�&KDQQHO
/XPLQDLUHV
0U VYKLY [V HZZLZZ [OL L_[LU[ [V ^OPJO [OL
YLHS KLNYHKH[PVU KH[H HMMLJ[Z [OL JVSVYP�
TL[YPJ Z[HIPSP[` VM [OL V]LYHSS Z`Z[LT� [OL
9.) HUK 9.)> Z`Z[LTZ HYL ZPT\SH[LK
^P[O [OL YLHS HNLPUN KH[H� ;OL 3,+Z [OH[
HYL L_WVZLK [V [OL OPNOLZ[ Z[YLZZ JVUKP[PVU
�����T(� HYL \ZLK MVY [OL ZPT\SH[PVU� 0[
JHU IL WYV]LU [OH[ \ZPUN H TLHZ\YLTLU[
J\YYLU[ VM ���T(� H JVSVY ZOPM[ JHU IL VI�
ZLY]LK [OH[ PZ WYVUV\UJLK KLWLUKPUN VU
[OL Z`Z[LT HYJOP[LJ[\YL� ;OL JOHUNLZ MVY
[OL Z`Z[LTZ HYL ZOV^U PU )LJXUH �� HUK
ZOV^ [OL YLZ\S[PUN JVSVY JVVYKPUH[LZ HM[LY H
KLNYHKH[PVU [PTL VM ���� OV\YZ� +\L [V [OL
SV^LY VW[PJHS WLYMVYTHUJL VM [OL NYLLU 3,+
JOHUULS� [OL V]LYHSS Z`Z[LT ZOPM[Z ILSV^ [OL
ISHJRIVK` SVJ\Z�

+\L [V [OL OPNOLY YLSL]HUJL VM [OL NYLLU
JVSVY JOHUULS� [OL 9.) Z`Z[LT PZ HMMLJ[LK
I` H Z[YVUNLY JVSVY ZOPM[ [OHU [OL ��JOHUULS
Z`Z[LT� ;OL JVSVYPTL[YPJ JOHUNL JHU IL
LZ[PTH[LK V]LY H WLYPVK VM ���� OV\YZ ^P[O
∆u′v′ = 0.006 HUK PZ [OLYLMVYL JSLHYS` ]PZ�
PISL� ZOV^U PU [OL 0UZL[ VM )LJXUH ��� ;OL
9.)> Z`Z[LT YLTHPUZ ^P[OPU [OL ��Z[LW
4HJ(KHT LSSPWZL MYVT H JVSVY [LTWLYH�
[\YL VM HIV\[ ����2 \W^HYKZ� VUS` IL�
SV^ [OL PUÅ\LUJL VM [OL NYLLU JOHUULS PZ
JYP[PJHS� 0M [OL ILOH]PVY VM [OL Z`Z[LT H[ H
TLHZ\YLTLU[ J\YYLU[ VM ��T( PZ HSZV JVU�
ZPKLYLK� [OL WLHR ^H]LSLUN[O ZOPM[ HUK [OL
ZPNUPÄJHU[S` Z[YVUNLY VW[PJHS KLNYHKH[PVU



-PN\YL ��! :OPM[ VM [OL JVSVY JVVYKPUH[LZ PU [OL *0, KPHNYHT ¶ *0, � �� 2◦ MVY ���� OV\YZ
MVY [OL 9.)�9.)> Z`Z[LT H[ H KLNYHKH[PVU ^P[O 0F $ 1000mA HUK ; j $ 141 ◦C ¶
TLHZ\YLTLU[ J\YYLU[ 0meas $ 50mA� 0UZL[! 9LZ\S[PUN JVSVY KPZ[HUJL ∆\»]» [V PUP[PHS Z[H[L
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YLZ\S[Z PU JVSVY KPZ[HUJLZ VM \W [V ���Z[LW
4HJ(KHT� (NHPU� P[ JHU IL ZLLU [OH[ [OL
MV\Y�JOHUULS Z`Z[LT HIV]L ����2 OHZ
ZPNUPÄJHU[S` SV^LY JVSVY ZOPM[Z�

>OLU L]HS\H[PUN [OL PUÅ\LUJL VM VUL JVSVY
JOHUULS VU [OL Z[HIPSP[` VM [OL V]LYHSS Z`Z�
[LT� P[ ZOV\SK IL TLU[PVULK [OH[ [OL RUV^S�
LKNL VM [OL KLNYHKH[PVU ILOH]PVY VM HSS
JVSVY JOHUULSZ PZ LZZLU[PHS PU VYKLY [V IL
HISL [V JVTWYLOLUZP]LS` YLJVYK [OL KLZPNU
VM T\S[PJOHUULS Z`Z[LTZ� 0U [OL HNPUN [LZ[Z
JHYYPLK V\[� [OL ^OP[L JVSVY JOHUULS OHZ
WYV]LU [V IL WYVISLTH[PJ PU HKKP[PVU [V [OL
NYLLU JVSVY JOHUULS� /V^L]LY� P[Z KLNYHKH�
[PVU PZ UV[ JOHYHJ[LYPaLK I` H KLJYLHZL PU
VW[PJHS WLYMVYTHUJL� I\[ YH[OLY I` H KVTP�
UHU[ JVSVYPTL[YPJ ZOPM[� ;OL ZOPM[ PZ Z[YVUNS`
WYVUV\UJLK KLWLUKPUN VU [OL 3,+Z JVY�
YLSH[LK JVSVY [LTWLYH[\YL HUK HNLPUN JVU�
KP[PVUZ HUK JHU OH]L H ZPNUPÄJHU[ PUÅ\LUJL
VU [OL V]LYHSS Z`Z[LT�

&RQFOXVLRQ
;OYLL HUK MV\Y JOHUULS SPNO[PUN Z`Z[LTZ
^LYL ZPT\SH[LK HSVUN [OL ISHJR IVK` J\Y]L
HZ WHY[ VM [OL PU]LZ[PNH[PVUZ� 0U HKKP[PVU
[V [OL [OLVYL[PJHS JVSVY TP_PUN S\TPUHUJL
YH[PVZ� [OL KLNYHKH[PVU SPTP[Z VM [OL NYLLU
3,+ JOHUULS ^LYL JHSJ\SH[LK PU [LYTZ VM
JVSVY Z[HIPSP[ �̀ ;OLZL HYL IL[^LLU �.��
HUK ���� KLWLUKPUN VU JVSVY [LTWLYH[\YL
HUK Z`Z[LT HYJOP[LJ[\YL� (Z H YLZ\S[� PM [OL
SPTP[Z HYL L_JLLKLK� JVSVY JOHUNLZ JV\SK
IL L_WLJ[LK [OH[ ZOPM[ [OL V]LYHSS Z`Z[LT I`
TVYL [OHU ��Z[LW 4HJ(KHT MYVT [OL VYPNP�
UHS JVSVY JVVYKPUH[LZ� 7VZZPISL [LTWLYH[\YL
PUÅ\LUJLZ VU [OL NYLLU JVSVY JOHUULS OH]L
UV ZPNUPÄJHU[ JVSVYPTL[YPJ YLSL]HUJL MVY [OL
V]LYHSS Z`Z[LT� ( Z\IZLX\LU[ HUHS`ZPZ VM
YLHS HNLPUN KH[H ZOV^Z [OH[� KLWLUKPUN

VU [OL HNLPUN JVUKP[PVU� [OL WYL]PV\ZS` KL�
[LYTPULK KLNYHKH[PVU SPTP[Z HYL L_JLLKLK�
;OL KLNYHKH[PVU J\YYLU[ OHZ H KLJPZP]L PU�
Å\LUJL VU [OL KLJYLHZL PU VW[PJHS WV^LY�
^OPJO JHU IL H[[YPI\[LK [V HU PUJYLHZL
PU WVPU[ KLMLJ[Z ^P[OPU [OL HJ[P]L YLNPVU�
0UÅ\LUJLZ VM [LTWLYH[\YL JHUUV[ IL ZPN�
UPÄJHU[S` ZLWHYH[LK H[ [OL WYLZLU[ [PTL�
+LWLUKPUN VU [OL HNLPUN JVUKP[PVUZ [OL
KLNYHKH[PVU ILOH]PVY YLZ\S[Z PU JVSVYPTL[�
YPJHSS` YLSL]HU[ ZOPM[Z ∆uv > 0.003 VM [OL
V]LYHSS Z`Z[LT� ;OL JOHYHJ[LYPZ[PJZ VM [OL
JVSVY ZOPM[Z PUKPJH[L H Z[YVUN KLWLUKLUJL
VU [OL TLHZ\YLTLU[ J\YYLU[� "

5HIHUHQFHV

B�D ;� 8� 2OHU� 7� )VKYVNP� 8� ;� =PUO� /�
>PURSL� 3,+ 3PNO[PUN! ;LJOUVSVN` HUK 7LY�
JLW[PVU� 1VOU >PSL`  :VUZ� ����

B�D 4� 3H .YHZZH� 4� 4LULNOPUP� *� +L :HU[P�
4� 4HUK\YYPUV� 4� .VHUV� -� )LY[HaaP�
9� ALPZLS� )� .HSSLY� .� 4LULNOLZZV� ,�
AHUVUP� (NLPUN VM 0U.H5�IHZLK 3,+Z! ,M�
MLJ[Z VU PU[LYUHS X\HU[\T LMÄJPLUJ` HUK
YVSL VM KLMLJ[Z� 4PJYVLSLJ[YVUPJZ 9LSPHIPS�
P[ �̀=VS\TL ��� 0ZZ\LZ  ¶��� ����

B�D 1\UN� ,�� 3LL� 1� 2�� 2PT� 4� :��  2PT�
/� ������� 3LHRHNL *\YYLU[ (UHS`ZPZ VM
.H5�)HZLK 3PNO[�,TP[[PUN +PVKLZ <ZPUN H
7HYHZP[PJ +PVKL 4VKLS� 0,,, ;YHUZHJ[PVUZ
VU ,SLJ[YVU +L]PJLZ� ��� ����������

B�D 4HUK\YYPUV� 4�� =LYaLSSLZP� .�� .VHUV�
4�� =HSSVUL� 4� ,�� )LY[HaaP� -�� .OPVUL� .��
AHUVUP� ,� ;YHW�HZZPZ[LK [\UULSPUN PU 0U�
.H5�.H5 3,+Z! ,_WLYPTLU[Z HUK WO`ZPJZ�
IHZLK ZPT\SH[PVU� 0U 5\TLYPJHS :PT\SH[PVU
VM 6W[VLSLJ[YVUPJ +L]PJLZ� ���� �WW� ���
���� 0,,,�

B�D /\HUN� @�� @\U� -�� 3P� @�� +PUN� >�� >HUN�
@�� >HUN� /��¯  /V\� ?� ������� +LMLJ[�
PUK\JLK JVSVY�[\UHISL TVUVSP[OPJ .H5�

IHZLK SPNO[�LTP[[PUN KPVKLZ� (WWSPLK 7O`ZPJZ
,_WYLZZ� ������ �������

B�D @HU� +�� 3\� /�� *OLU� +�� AOHUN� 9�� 
AOLUN� @� ������� -VY^HYK [\UULSPUN J\YYLU[
PU .H5�IHZLK IS\L SPNO[�LTP[[PUN KPVKLZ�
(WWSPLK 7O`ZPJZ 3L[[LYZ�  ����� �������

B�D 2HYWV]� :� ������� ()*�TVKLS MVY PU[LY�
WYL[H[PVU VM PU[LYUHS X\HU[\T LMÄJPLUJ`
HUK P[Z KYVVW PU 000�UP[YPKL 3,+Z! H YL]PL �̂
6W[PJHS HUK 8\HU[\T ,SLJ[YVUPJZ� ������
�� �������

$%287 7+( $87+25

$OH[DQGHU +(5=2*� 06F! (SL_HUKLY
/LYaVN Z[\KPLK LSLJ[YPJHS LUNPULLYPUN H[
;< +HYTZ[HK[ HUK YLJLP]LK OPZ 4�:J� KL�
NYLL PU ����� /L OHZ ILLU ^VYRPUN HZ H
YLZLHYJO HZZPZ[HU[ H[ [OL 3HIVYH[VY` VM
3PNO[PUN ;LJOUVSVN` VM [OL ;LJOUPZJOL <UP�
]LYZP[p[ +HYTZ[HK[ ZPUJL (WYPS� ���� HUK
ÄUPZOLK OPZ NYHK\H[PVU PU ����� /PZ THPU
YLZLHYJO PU[LYLZ[Z HYL [OL PU]LZ[PNH[PVU VM
3,+ KLNYHKH[PVU HUK [OLYTHS HUHS`ZPZ VM
3,+Z�

78 'DUPVWDGW� :PUJL P[Z MV\UKH[PVU PU
����� [OL ;< +HYTZ[HK[ OHZ ILLU JOHYHJ�
[LYPaLK I` H ZWLJPHS WPVULLYPUN ZWPYP[� 0[ PZ
WHY[ VM V\Y ZLSM�PTHNL [V JVU[PU\V\ZS` JVU�
[PU\L [OPZ [YHKP[PVU VM PUUV]H[PVU� ;OYV\NO
V\[Z[HUKPUN HJOPL]LTLU[Z PU YLZLHYJO�
[LHJOPUN HUK [YHUZMLY� ^L VWLU \W PTWVY�
[HU[ ZJPLU[PÄJ ÄLSKZ VM [OL M\[\YL HUK JVU[PU�
\HSS` VWLU \W UL^ VWWVY[\UP[PLZ MVY ZOHW�
PUN ZVJPL[ �̀ ;OPZ THRLZ [OL ;< +HYTZ[HK[
VUL VM [OL SLHKPUN [LJOUPJHS \UP]LYZP[PLZ PU
.LYTHU` ^P[O OPNO PU[LYUH[PVUHS ]PZPIPSP[`
HUK YLW\[H[PVU�
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*OHYHJ[LYPaH[PVU VM <= :V\YJLZ MVY
+PZPUMLJ[PVU 7\YWVZLZ
(K]LY[VYPHS� .3 67;0*
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5
(&(17 HYHQWV UHODWHG WR WKH
FRURQDYLUXV SDQGHPLF KDYH UH�
VXOWHG LQ D VLJQLðFDQW LQFUHDVH

LQ WKH LQWHUHVW LQ 89�ODPS GLVLQIHF�
WLRQ� :KHQ ZRUNLQJ RQ QHZ SURMHFWV
XVLQJ HPLWWLQJ GLRGHV LQ WKH 89 UDQJH
IRU GLVLQIHFWLRQ� PDLQO\ EHWZHHQ ���
DQG ���QP� H[FHSWLRQDO FDUH VKRXOG EH
WDNHQ WR SURSHUO\ DVVHVV WKH TXDOLW\ RI
WKH HPLWWHG UDGLDWLRQ�

:KLFK 0HDVXULQJ
'HYLFHV 6KRXOG EH
8VHG"
>P[O [OL JVU]LU[PVUHS KPZJOHYNL SHTWZ� [OL
ZWLJ[YHS LTPZZPVU PZ JVUZ[HU[ HZ P[ YLZ\S[Z
MYVT [OL WO`ZPJHS WYVWLY[PLZ VM TLYJ\Y`
]HWVYZ� ;OLYLMVYL� ZPTWSL YHKPVTL[LYZ VW[P�
TPaLK MVY ZWLJPÄJ <= YHUNLZ ^LYL \ZLK MVY
PYYHKPHUJL TLHZ\YLTLU[Z BW/m2D� 0U [OL
JHZL VM <= 3,+ Z`Z[LTZ� P[ PZ PTWVY[HU[ [V
]LYPM` [OL ^H]LSLUN[O ILJH\ZL [OLYL HYL KPM�
MLYLUJLZ IL[^LLU [OL WYVK\J[PVU IH[JOLZ
VM [OL ZHTL 3,+� -VY [OPZ [`WL VM TLHZ\YL�
TLU[� H JHSPIYH[LK */ 63(&7,6 ��� <= VY
H WVY[HISL */ 6SHFWLV ��� 7RXFK ZWLJ[YV�
YHKPVTL[LY JHU IL \ZLK [V ]LYPM` HU` ZOPM[ PU
ZWLJ[YHS WV^LY KPZ[YPI\[PVU�

7\SLFDO 0HDVXUHPHQW
4XDQWLWLHV
� -VY ZPUNSL <= 3,+ TLHZ\YLTLU[Z� H
JHSPIYH[LK PU[LNYH[PUN ZWOLYL */ 237,
63+(5( �� VY ��� ^P[O H ZWLJ[YVYH�
KPVTL[LY PZ Z\P[HISL� 0U [OPZ ^H �̀ H ZPUNSL
TLHZ\YLTLU[ ^PSS JVSSLJ[ KH[H VU YHKPHU[
WV^LY BmW D� KVTPUHU[ ^H]LSLUN[O HUK
ZWLJ[YHS WV^LY KPZ[YPI\[PVU�

� -VY PYYHKPHUJL TLHZ\YLTLU[Z BmW/m2D
H JHSPIYH[LK */ 237, 352%( ������
KPMM\ZVY JVUULJ[LK [V [OL ZWLJ[YVYH�
KPVTL[LY JHU IL \ZLK�

� ;OL ZWH[PHS KPZ[YPI\[PVU JOHYHJ[LYPZ[PJZ
VM 3,+ ZV\YJLZ ZPNUPÄJHU[S` KPMMLY MYVT
JVU]LU[PVUHS KPZJOHYNL SHTWZ� -VY [OPZ
YLHZVU [OL .3 90+ VUL <= TLHZ\YLTLU[
Z`Z[LT ZOV\SK IL \ZLK� 0[ JVUZPZ[Z VM
H NVUPVTL[LY JVUULJ[LK [V H <= ZWLJ�
[YVYHKPVTL[LY� :\JO H TLHZ\YPUN ZL[\W
LUHISLZ [OL ZWH[PHS TLHZ\YLTLU[ VM 9H�
KPHU[ 0U[LUZP[` +PZ[YPI\[PVU �90+��

+RZ WR 3HUIRUP WKH
0HDVXUHPHQWV 3URSHUO\

9LJVTTLUKH[PVUZ MVY <= 3,+ TLHZ\YL�
TLU[Z HYL ]LY` ZPTPSHY [V [OVZL MVY TLH�
Z\YPUN 3,+ TVK\SLZ HUK SHTWZ MVY NLULYHS
SPNO[PUN W\YWVZLZ� /V^L]LY� K\L [V [OL UH�
[\YL VM [OL ZV\YJL� H[[LU[PVU ZOV\SK IL WHPK
[V [OL PZZ\LZ VM ZHML[` HUK YPZRZ [V ZRPU HUK
L`LZ MYVT <= YHKPH[PVU�

;LJOUPJHS KH[H ZOLL[Z VM SPNO[�LTP[[PUN
KPVKLZ WYV]PKLK I` THU\MHJ[\YLYZ JVU�
[HPU WOV[VTL[YPJ KH[H� 0U [OL JHZL VM <=
KPVKLZ� YHKPVTL[YPJ KH[H PZ KL[LYTPULK MVY
H Q\UJ[PVU [LTWLYH[\YL �; Q\UJ[PVU� LX\HS [V
[OL HTIPLU[ [LTWLYH[\YL� \Z\HSS` ���*�
;V ]LYPM` [OL WHYHTL[LYZ VM [OL KPVKLZ
HNHPUZ[ [OL ZWLJPÄJH[PVU HM[LY [OL` OH]L
ILLU HWWSPLK [V [OL 7*)� P[ PZ ULJLZZHY` [V
TLHZ\YL [OL Z`Z[LT ^OPSL THPU[HPUPUN [OL
Q\UJ[PVU [LTWLYH[\YL�

6UL VM [OL \[PSPaLK TL[OVKZ JHU IL [OL
MVYJLK JVVSPUN VM [OL 7*)� :WLJPHS TV\U[Z
^P[O [LTWLYH[\YL Z[HIPSPaH[PVU VM [OL 3,+
TVK\SL SPRL */ 7(& 6\VWHP THRL P[ WVZ�
ZPISL [V THPU[HPU H JVUZ[HU[ [LTWLYH[\YL
VM [OL 7*)� /V^L]LY� [OPZ TL[OVK OHZ P[Z
SPTP[H[PVUZ ILJH\ZL ^OLU KPMMLYLU[ [`WLZ
VM KPVKLZ HYL \ZLK VU [OL TVK\SL� P[ PZ PT�
WVZZPISL [V VI[HPU [OL ZHTL [LTWLYH[\YL
VM HSS Q\UJ[PVUZ VU VUL 7*) K\L [V KPMMLYLU[
[OLYTHS YLZPZ[HUJLZ�

(U HS[LYUH[P]L HWWYVHJO PZ [OL TLHZ\YL�

TLU[ THKL ^P[O H ZOVY[ +* J\YYLU[ :PU�
NSL 7\SZL� ;OL LZZLUJL VM Z\JO H TL[OVK
PZ [V TLHZ\YL VW[PJHS WHYHTL[LYZ ILMVYL
[OL JVUULJ[VY ^HYTZ \W� ;OPZ JHU IL
KVUL WYLJPZLS` ^P[O H ZWLJ[YVYHKPVTL[LY
LX\PWWLK ^P[O H OHYK^HYL [YPNNLY Z`UJOYV�
UPaLK ^P[O [OL J\YYLU[ ZV\YJL� LUHISPUN
L_WVZ\YLZ MVY TLHZ\YPUN [PTLZ #��TZ�
(UV[OLY TLHZ\YLTLU[ TL[OVK PZ [OL ZV�
JHSSLK ;YHPU 7\SZL TL[OVK� P�L� JVU[PU\V\Z
Z\WWS` ^P[O J\YYLU[ W\SZLZ H[ H MYLX\LUJ`
VM ��� /a HUK W\SZL ^PK[O ILSV^ ��� TZ�
>P[O WYVWLYS` ZLSLJ[LK W\SZL WHYHTL[LYZ�
[OL YLZ\S[ PZ PKLU[PJHS [V [OL ]HS\L VI[HPULK
I` TLHZ\YPUN H ZPUNSL W\SZL ^P[O [OL SLUN[O
VM �� TZ�

6XPPDU\

0U [OL JHZL VM <= 3,+Z� [OL VW[PJHS WHYHT�
L[LYZ» KLWLUKLUJL VU [OL WV^LY Z\WWS`
JVUKP[PVUZ HUK VWLYH[PUN [LTWLYH[\YL ZPN�
UPÄJHU[S` PUÅ\LUJLZ [OLPY WLYMVYTHUJL PU
KPZPUMLJ[PVU� :THSS ^H]LSLUN[O ZOPM[Z HYL
KLJPZP]L PU [OL LMMLJ[P]LULZZ VM ZWLJPÄJ PT�
WHJ[Z PU [OL \S[YH]PVSL[ YHUNL� ^OPSZ[ [OL
Z[HIPSP[` VM [OL Z`Z[LT»Z ^VYR V]LY [PTL PZ
JY\JPHS MVY HU LMMLJ[P]L ÄNO[ HNHPUZ[ IPVSVNP�
JHS WVSS\[PVU� "

?iiTb,ff;HQTiB+X+QK
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*\YYLU[ ;YLUKZ PU 3,+ 7OVZWOVY
+L]LSVWTLU[Z
3,+ WOVZWOVY� ^OPJO PZ H [`WLZ VM ZVSPK S\TPULZJLU[ TH[LYPHS� PZ
\ZLK ^PKLS` PU ^OP[L 3,+Z [V JVU]LY[ [OL �\Z\HSS` IS\L� SPNO[ VM HU
3,+ JOPW PU[V HUV[OLY ^H]LSLUN[O SPNO[� )HZLK VU [OL .H5 IS\L
3,+ JOPW� ^OP[L SPNO[ 3,+Z JVTWVZLK VM .H5 3,+�@(. `LSSV^
WOVZWOVYZ HYL YHWPKS` JVTTLYJPHSPaLK HUK WVW\SHYPaLK� ;OL
^H]LSLUN[O VM 3,+ WOVZWOVYZ ^HZ L_WHUKLK MYVT [OL W\YL ]PZPISL
SPNO[ ÄLSK �������� UT� [V [OL ]HJ\\T \S[YH]PVSL[ HUK MHY�PUMYHYLK
��������� UT�� 3,+ WOVZWOVY HWWSPJH[PVU JV]LY NLULYHS SPNO[PUN [V
KPZWSH` IHJRSPNO[� HNYPJ\S[\YL � OVY[PJ\S[\YL� TLKPJHS OLHS[O� ZLJ\YP[`
TVUP[VYPUN HUK V[OLY ÄLSKZ� +Y� 3PU AOHUN� *;6 H[ )LPQPUN
5HRHT\YH @\QP :JPLUJL HUK ;LJOUVSVN` *V� 3[K�� +L`HV 3P\ HUK
*OHV >HUN NP]L HU V]LY]PL^ VM [VKH`»Z [`WPJHS 3,+ WOVZWOVYZ ^P[O
[OLPY WYVK\J[ Z`Z[LT� Z`U[OLZPZ� WLYMVYTHUJL� YLZWLJ[P]L HYLHZ�
WLYMVYTHUJL HUK HWWSPJH[PVU ZVS\[PVUZ�

3,+ 7/6:7/69 ;9,5+: *<99,5; ;9,5+: 05 3,+ 7/6:7/69 +,=,3674,5;: ! " #
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$
1 /(' �/LJKW (PLWWLQJ 'LRGH� LV
D OLJKW�HPLWWLQJ GHYLFH ZLWK D
VHPLFRQGXFWRU OLJKW�HPLWWLQJ PD�

WHULDO WKDW FRQYHUWV HOHFWULFDO HQHUJ\ LQWR
OLJKW DQG HPLWV LW� /(' SKRVSKRU LV D
VROLG OXPLQHVFHQW PDWHULDO WKDW LV XVHG
WR FRQYHUW DQ HPLWWHG ZDYHOHQJWK LQWR
OLJKW RI DQRWKHU ZDYHOHQJWK� 7KH ðUVW
ZKLWH /('V PHUHO\ HPLWWHG EOXH OLJKW
DW D ZDYHOHQJWK RI ������� QP IURP
EOXH *D1 FKLSV � <$* �<�$,�2���&H�
\HOORZ SKRVSKRU FRQYHUWHG OLJKW ZLWK
D ZDYHOHQJWK RI ��� QP� 7KH HIðFDF\
KDV JUHDWO\ LPSURYHG FRPSDUHG WR LQ�
FDQGHVFHQW ODPSV� EXW GXH WR WKH ODFN
RI YLROHW DQG UHG OLJKW� WKH FRORU UHQGHU�
LQJ LQGH[ 5D �ZLWK VXQOLJKW DV ���� ZDV
RQO\ DERXW ��� ,Q FRQWUDVW� WKH 5D RI WKH
LQFDQGHVFHQW ODPS UHDFKHG RYHU ���
ZKLFK LV FORVHU WR UHDO VXQOLJKW� :LWK
LQFUHDVHG 5	' DQG WKH DSSOLFDWLRQ RI
RWKHU /(' SKRVSKRUV VXFK DV UHG� JUHHQ
DQG EOXH� WKH FRORU UHQGHULQJ LQGH[ DQG
OXPLQRXV HIðFDF\ RI /(' GHYLFHV LP�
SURYHG� 3DFNDJLQJ WHFKQRORJ\ KDV DOVR
FRQWLQXRXVO\ LPSURYHG� DQG EOXH OLJKW
FDQ EH FRPSOHWHO\ XVHG ZLWKRXW VLJQLð�
FDQW ORVVHV� DYRLGLQJ UHGXFHG HIðFLHQF\
DQG ZLWKRXW H[FHVVLYH� KDUPIXO EOXH
OLJKW HPLVVLRQ� :LWK WKH GHYHORSPHQW RI
YLROHW DQG XOWUDYLROHW OLJKW FKLSV� DQG WKH
LQFUHDVH RI UHVHDUFK RQ EOXH DQG XOWUD�
YLROHW SKRVSKRUV� YLROHW /('V DQG XOWUD�
YLROHW /(' GHYLFHV KDYH JUDGXDOO\ EHHQ

LQWURGXFHG IRU GLIIHUHQW DSSOLFDWLRQV�
)XUWKHUPRUH� WKH DSSOLFDWLRQV IRU /('V
KDYH VXEVHTXHQWO\ H[SDQGHG WR EDFN�
OLJKW� PHGLFDO� DQG DJULFXOWXUDO SURGXFWV�
/(' DQG /(' SKRVSKRU WHFKQRORJLHV
DUH VWLOO GHYHORSLQJ DW D KLJK VSHHG� DQG
WKH\ KDYH EHHQ DSSOLHG LQ YDULRXV ðHOGV
LQFOXGLQJ PDQXIDFWXULQJ� OLIH� VFLHQWLðF
UHVHDUFK DQG RWKHU DVSHFWV�

/(' /LJKW

/LJKW *HQHUDWLRQ 3ULQFLSOHV
RI /('V

3PNO[ ,TP[[PUN +PVKLZ HYL ZLTPJVUK\J[VYZ
B�D�B�D� :LTPJVUK\J[VYZ HYL JOHYHJ[LYPaLK
I` [OLPY ¸VUL�^H` JVUK\J[P]L¹ TH[LYPHS
HUK Z[Y\J[\YL� ;OL JVYL WYPUJPWSL PZ [OL 75
Q\UJ[PVU� ^OLYL [OL 7�[`WL ZLTPJVUK\J[VY
OHZ H WVZP[P]L JOHYNL HJJ\T\SH[PVU HUK
[OL 5�[`WL ZLTPJVUK\J[VY OHZ H ULNH�
[P]L JOHYNL HJJ\T\SH[PVU ^P[O H IHUKNHW
,N PU�IL[^LLU� >OLU H Z\MÄJPLU[ MVY^HYK
]VS[HNL PZ HWWSPLK [V [OL 75 Q\UJ[PVU� [OL
ZLTPJVUK\J[VY ILJVTLZ JVUK\J[P]L HUK
[OL LSLJ[YVUZ TV]L KPYLJ[PVUHSS �̀ MVYTPUN H
J\YYLU[� >OLU [OL MVY^HYK ]VS[HNL PZ HW�
WSPLK [V [OL 75 Q\UJ[PVU� ^P[O [OL LULYN`
[YHUZMLY K\YPUN [OL TV]LTLU[ VM [OL LSLJ�
[YVUZ� H WHY[ VM [OL LSLJ[YVUZ \UKLYNVLZ HU

LULYN` SL]LS [YHUZP[PVU� ;OL` HYL LSL]H[LK [V
H OPNOLY LULYN` SL]LS Z[H[L� ^OPJO PZ [OL L_�
JP[H[PVU Z[H[L� >OLU [OL LSLJ[YVUZ MHSS IHJR
MYVT [OL L_JP[H[PVU Z[H[L [V [OL NYV\UK
Z[H[L� H WHY[ VM [OL LULYN` PZ YLSLHZLK PU [OL
MVYT VM LSLJ[YVTHNUL[PJ ^H]LZ� P�L�� SPNO[
LTPZZPVU� ;OL WYVJLZZ VM SPNO[ LTPZZPVU PU
Z\JO H ZLTPJVUK\J[VY� HU 3,+� PZ ZOV^U PU
)LJXUH ��

-PN\YL �! 3PNO[ NLULYH[PVU WYPUJPWSL VM
3PNO[ ,TP[[PUN +PVKLZ �3,+Z�

:KLWH 	 9DULRXV &RORU
*HQHUDWLRQ 3ULQFLSOHV ZLWK
/('

(M[LY H JLY[HPU ]VS[HNL PZ HWWSPLK [V HU 3,+�
P[ LTP[Z LSLJ[YVTHNUL[PJ ^H]LZ VM H JLY�
[HPU ^H]LSLUN[O� ,SLJ[YVTHNUL[PJ ^H]LZ VM
KPMMLYLU[ ^H]LSLUN[OZ HYL WLYJLP]LK HZ KPM�



-PN\YL �! *VTWHYPZVU VM ^OP[L SPNO[ NLULYH[PVU� -YVT SLM[ [V YPNO[� H IS\L 3,+ ^P[O `LSSV^ WOVZWOVY� H IS\L 3,+ ^P[O YLK HUK NYLLU
WOVZWOVY� H ]PVSL[ 3,+ ^P[O IS\L� NYLLU  YLK WOVZWOVY� HUK HU 9.) 3,+
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MLYLU[ JVSVYZ� 9LK� NYLLU� HUK IS\L HYL [OL
[OYLL WYPTHY` JVSVYZ� HUK [OLZL [OYLL JVSVYZ
JHU IL \ZLK HZ [OL IHZPJ SPNO[ ZV\YJLZ� ;OL
JVTIPUH[PVU VM [OLZL [OYLL IHZPJ JVSVYZ PZ
WLYJLP]LK HZ ^OP[L SPNO[ VY HU` V[OLY SPNO[
JVSVY� 0U WYHJ[PJHS HWWSPJH[PVUZ� [OLYL HYL
\Z\HSS` MV\Y ^H`Z [V NLULYH[L ^OP[L SPNO[ VY
[OL V[OLY JVSVYZ B�D�B�D!

%OXH FKLS 	 \HOORZ SKRVSKRU
;OL .H5 IS\L SPNO[ JOPW LTP[Z ���¶��� UT
IS\L SPNO[ HUK JHU L_JP[L [OL WOVZWOVY VM
@(. Z`Z[LT [V LTP[ `LSSV^ SPNO[ VM ���¶��� UT�
@LSSV^ SPNO[ WS\Z IS\L SPNO[ PZ WLYJLP]LK HZ
^OP[L SPNO[� ;OPZ TL[OVK PZ ZPTWSL PU WYV�
JLZZ� SV^ PU JVZ[� HUK OPNO PU LMÄJPLUJ �̀
;OL KPZHK]HU[HNLZ HYL H SV^ JVSVY YLU�
KLYPUN PUKL_ K\L [V [OL SHJR VM YLSL]HU[
WHY[Z VM [OL ]PZPISL ZWLJ[Y\T SPRL W\YWSL
HUK YLK SPNO[� (KKP[PVUHSS �̀ [OL 3,+Z \Z\�
HSS` LTP[ SPNO[ VM H OPNO JVSVY [LTWLYH[\YL
�**;� YLZ\S[PUN PU H JVSK SPNO[� ^OPJO SPTP[Z
P[Z HWWSPJH[PVU�

%OXH FKLS ZLWK JUHHQ 	 UHG SKRV�
SKRU
;OL .H5 IS\L SPNO[ JOPW LTP[Z ���¶��� UT
IS\L SPNO[ HUK JHU L_JP[L ���¶��� UTNYLLU
WOVZWOVY HUK ���¶��� UT YLK WOVZWOVY�
HUK [OL JVTIPUH[PVU VM IS\L SPNO[� NYLLU
SPNO[ HUK YLK SPNO[ JHU MVYT ]HYPV\Z JVS�
VYZ VM SPNO[ PUJS\KPUN ^OP[L SPNO[ B�D� 0U [OPZ
^H �̀ VU [OL IHZPZ VM LUZ\YPUN JLY[HPU LMÄ�
JPLUJ �̀ [OL JVSVY YLUKLYPUN HIPSP[` PZ NYLH[S`
PUJYLHZLK� 9H PZ PUJYLHZLK MYVT �� [V TVYL
[OHU  �� HUK L]LU *90 WHYHTL[LYZ PUJS\K�
PUN 9� [V 9�� JHU IL PUJYLHZLK [V TVYL
[OHU  �� ;OPZ TL[OVK PZ IHZLK VU H ZPT�
WSL WYVJLZZ HUK H[ YLSH[P]LS` SV^ JVZ[Z�
/V^L]LY� [OL THQVY YLK WOVZWOVY TH[LYPHS�
UP[YPKL WOVZWOVYZ VM [OL :*(:5 Z`Z[LT
OHZ H YLSH[P]LS` SV^ LMÄJPLUJ` HUK P[ PZ YH[OLY
KPMÄJ\S[ [V M\Y[OLY PUJYLHZL [OL LMÄJPLUJ �̀
>OPSL JVTPUN JSVZL� [OL JVSVY YLUKLYPUN
PUKL_� LZWLJPHSS` PU ^HYT ^OP[L HWWSPJH�

[PVUZ� PZ Z[PSS SV^LY [OHU UH[\YHS Z\USPNO[ HZ
[OL W\YWSL SPNO[ PZ TPZZPUN HUK [OL HTV\U[
VM KLLW YLK SPNO[ PZ SV^ [VV� :PUJL T\S[P�
WSL WOVZWOVYZ HYL \ZLK H[ [OL ZHTL [PTL�
[OL WLYMVYTHUJL VM WOVZWOVYZ HUK [OL
LMMLJ[Z VM [OLPY T\[\HS PU[LYHJ[PVU OH]L H
NYLH[ PTWHJ[ VU 3,+ WLYMVYTHUJLZ� HUK
[OLYL PZ Z[PSS T\JO YVVT MVY PTWYV]LTLU[ PU
WHJRHNPUN [LJOUVSVN �̀ ([ WYLZLU[� [OPZ SPNO[
JVU]LYZPVU TL[OVK VJJ\WPLZ H NVVK WHY[
VM [OL THYRL[ ZOHYL�

9LROHW FKLS ZLWK EOXH� JUHHQ 	 UHG
SKRVSKRU
;OL ]PVSL[ SPNO[ JOPW LTP[Z ���¶��� UT ]PV�
SL[ SPNO[� HUK JHU L_JP[L IS\L� NYLLU HUK YLK
WOVZWOVYZ� ;OL JVTIPUH[PVU VM ]PVSL[� IS\L�
NYLLU HUK YLK SPNO[ JHU MVYT ]HYPV\Z JVS�
VYZ VM SPNO[ PUJS\KPUN ^OP[L SPNO[� /V^L]LY�
H[ WYLZLU[� ]PVSL[ JOPWZ OH]L SV^ LMÄJPLUJ`
HUK WVVY Z[HIPSP[ �̀ ;OL WLYMVYTHUJL HUK
Z[HIPSP[` VM IS\L WOVZWOVYZ HUK NYLLU WOVZ�
WOVYZ [OH[ JHU IL L_JP[LK I` ]PVSL[ SPNO[
HYL HSZV WVVY� 0U YLJLU[ `LHYZ� [OL HWWSPJH�
[PVUZ VM [OPZ OPNO JVSVY YLUKLYPUN 3,+ [`WL
OHZ ILJVTL TVYL HUK TVYL WVW\SHY IL�
JH\ZL P[ PZ JSVZLZ[ [V [OL ZVSHY ZWLJ[Y\T�
;OL WYPUJPWSL VM 3,+ KL]PJLZ NLULYH[PUN
^OP[L SPNO[ IHZLK VU [OPZ TL[OVK PZ ZOV^U
PU )LJXUH ��

/(' 3KRVSKRU
/XPLQHVFHQFH
(U 3,+ WOVZWOVY PZ H WOV[VS\TPULZJLU[
TH[LYPHS� 3PNO[ [OH[ PZ LTP[[LK I` HU 3,+ PZ
HIZVYILK I` [OL 3,+ WOVZWOVY HUK JVU�
]LY[LK PU[V SPNO[ VM HUV[OLY ^H]LSLUN[O [V
ILPUN YLSLHZLK� ;OL WYVJLZZ VM JVTIPU�
PUN [OL 3,+ WOVZWOVY HUK [OL 3,+ JOPW
PZ WHY[ VM [OL 3,+ WHJRHNPUN [LJOUVSVN`!
(M[LY [OL 3,+ WOVZWOVY HUK [OL WOVZWOVY
NS\L HYL TP_LK HJJVYKPUN H ZWLJPÄJ MVYT\�

SH[PVU� [OL` HYL WHJRHNLK ^P[O [OL 3,+ JOPW
[OYV\NO [OL KPZWLUZPUN WYVJLZZ [V MVYT [OL
3,+ WVPU[ SPNO[ ZV\YJL � [OL 3,+ LTP[[LY
B�D� ;OL S\TPUV\Z JOHYHJ[LYPZ[PJZ VM [OL 3,+
WOVZWOVY T\Z[ IL JVTWH[PISL ^P[O [OL 3,+
JOPW� ;OL SPNO[ LTP[[LK I` [OL JOPW ZOV\SK
IL LMMLJ[P]LS` HIZVYILK HUK JVU]LY[LK I`
[OL WOVZWOVY� ;OL JVU]LYZPVU YH[L KL[LY�
TPULZ [OL LMÄJPLUJ` HUK S\TPUV\Z PU[LUZP[`
VM [OL 3,+ KL]PJL� ;OLYLMVYL� PU [OL ÄLSK
VM 3,+� [OL ZLSLJ[PVU VM [OL YPNO[ WOVZWOVY
Z[YVUNS` KLWLUKZ VU [OL HWWSPJH[PVU� -VY
L_HTWSL� MVY ^OP[L 3,+Z PU NLULYHS SPNO[PUN
HWWSPJH[PVUZ� [OL NYLLU WOVZWOVY PZ 3\(.
VY .H�@(.� [OL `LSSV^ WOVZWOVY PZ @(.�
[OL YLK WOVZWOVY PZ :*(:5 Z`Z[LT UP[YPKL�
^OPSL 3,+Z MVY KPZWSH` HUK IHJRSPNO[PUN HW�
WSPJH[PVUZ \ZL β�:PHSVU NYLLU WOVZWOVY HUK
2:- YLK WOVZWOVY� 0U HKKP[PVU� 3:5 UP[YPKL
`LSSV^ WOVZWOVY HUK α�:PHSVU UP[YVNLU V_�
PKL `LSSV^ WOVZWOVY HYL ZVS\[PVUZ MVY ZVTL
ZWLJPHS ULLKZ� ;OL` HYL UV[ ^PKLS` \ZLK�

-PN\YL �! 3,+ WOVZWOVY S\TPULZJLUJL
KPHNYHT

&ODVVLðFDWLRQ RI /('
3KRVSKRUV

;OLYL HYL KPMMLYLU[ VW[PVUZ [V NYV\W 3,+
WOVZWOVYZ� ;OL` JHU IL KPMMLYLU[S` NYV\WLK
I` [OLPY TH[LYPHSZ� [OLPY JOHYHJ[LYPZ[PJZ� [OLPY
HWWSPJH[PVUZ VY ZVTL ZWLJPÄJ YLX\PYLTLU[Z�
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3KRVSKRUV E\ PDWHULDO V\VWHP�

� @(. �@[[YP\T (S\TPU\T .HYUL[� HUK
+LYP]LK (S\TPUH[L 7OVZWOVYZ

� :*(:5 Z`Z[LT UP[YPKL WOVZWOVYZ
� :PSPJH[L WOVZWOVYZ
� /HSVWOVZWOH[L WOVZWOVYZ
� 5P[YVNLU V_PKL WOVZWOVYZ
� -S\VYPKL WOVZWOVYZ
� :\SÄKL WOVZWOVYZ
� 7OVZWOVYZ MVY V[OLY Z`Z[LTZ

3KRVSKRUV E\ ZDYHOHQJWK �FRORU��

� )S\L WOVZWOVYZ
� )S\L�NYLLU WOVZWOVYZ
� .YLLU WOVZWOVYZ
� @LSSV^ WOVZWOVYZ
� 6YHUNL WOVZWOVYZ
� 9LK WOVZWOVYZ
� 0UMYHYLK WOVZWOVYZ

3KRVSKRUV E\ DSSOLFDWLRQ�

� 7OVZWOVY MVY SPNO[PUN
� 7OVZWOVY MVY IHJRSPNO[PUN
� 7OVZWOVY MVY TLKPJHS \ZL
� 7OVZWOVY MVY ZHML[` HUK ZLJ\YP[`
� 7OVZWOVY MVY HNYPJ\S[\YL
� 7OVZWOVY MVY V[OLY HWWSPJH[PVUZ

3KRVSKRUV E\ DSSOLFDWLRQ
UHTXLUHPHQWV�

� 7OVZWOVY MVY OPNO�LMÄJPLUJ` SPNO[PUN
� 7OVZWOVY MVY OPNO *90 SPNO[PUN
� 7OVZWOVY MVY ^PKL JVSVY NHT\[ IHJR�
SPNO[PUN

� 7OVZWOVY MVY ZLJ\YP[` Z\Y]LPSSHUJL
� 7OVZWOVY MVY WSHU[ NYV^[O

>OPSL WOVZWOVYZ JHU IL JH[LNVYPaLK PU KPM�
MLYLU[ ^H`Z HJJVYKPUN [V KPMMLYLU[ ULLKZ�
L_JP[H[PVU ^H]LSLUN[O� LTPZZPVU ^H]L�
SLUN[O� LTPZZPVU WYVWLY[PLZ HUK Z[HIPSP[` HYL
HS^H`Z [OL THQVY JVUZPKLYH[PVUZ MVY HWWSP�
JH[PVU� -VY PUZ[HUJL� Z[HUKHYK ^OP[L SPNO[
PSS\TPUH[PVU TVZ[S` YLX\PYLZ `LSSV^�NYLLU
WOVZWOVYZ Z\JO HZ @(.� .H�@(.� 3\(.�
HUK OPNO *90 :*(:5 UP[YPKL WOVZWOVYZ�
)HJRSPNO[PUN ULLKZ V_`UP[YPKL NYLLU WOVZ�
WOVYZ HUK Å\VYPKL YLK WOVZWOVYZ� HUK
:*(:5 YLK WOVZWOVYZ HUK @(. `LSSV^
WOVZWOVYZ ^PSS Q\Z[ IL \ZLK \UKLY JLY�
[HPU JPYJ\TZ[HUJLZ� 4LKPJHS HWWSPJH[PVUZ
\ZL <= WOVZWOVYZ MVY KPZPUMLJ[PVU� (NYP�
J\S[\YHS HWWSPJH[PVUZ WYLMLY :*(:5 YLK
WOVZWOVYZ HUK PUMYHYLK WOVZWOVYZ MVY WSHU[
NYV^[O� MVVK WYLZLY]H[PVU HUK PUZWLJ[PVU�
HUK ZVTL ZWLJPHS HWWSPJH[PVUZ TH` ULLK
OHSVWOVZWOH[L IS\L WOVZWOVYZ� V_`UP[YPKL
NYLLU WOVZWOVYZ� Å\VYPKL YLK WOVZWOVYZ�
[V UHTL Q\Z[ H ML �̂

2YHUYLHZ RQ
&RPPHUFLDOO\ XVHG /('
3KRVSKRUV

<$* �<WWULXP $OXPLQXP
*DUQHW� DQG 'HULYDWLYH
$OXPLQDWH 3KRVSKRUV
>�@�>��@

;̀ JPJHS WOVZWOVYZ!

� @(. �@�(S�6���" λem = ���¶��� UT"
`LSSV^ WOVZWOVY

� .H�@(. �.H YLWSHJLZ WHY[ VM (S�" λem =
���¶��� UT" NYLLU WOVZWOVY � `LSSV^�
NYLLU WOVZWOVY

� 3\(. �3\ YLWSHJLZ @�" λem = ���¶��� UT"
NYLLU WOVZWOVY � `LSSV^�NYLLU WOVZWOVY

>OPSL [OL PU]LU[PVU VM .H5 IS\L JOPWZ
VWLULK [OL KVVY MVY H IYVHK HWWSPJH[PVU
VM 3,+ [LJOUVSVN �̀ @(. `LSSV^ WOVZWOVYZ
VWLU [OPZ KVVY L]LU ^PKLY� )S\L JOPW HUK
@(. `LSSV^ WOVZWOVY JYLH[L ^OP[L 3,+
SPNO[PUN� [O\Z WYVTV[L [OL YHWPK KL]LSVW�
TLU[ VM [OL 3,+ PUK\Z[Y �̀ /V^L]LY� [OL
ZPTWSL ¸IS\L � `LSSV^ $ ^OP[L¹ MVYT\SH JHU�
UV[ TLL[ [OL THYRL[»Z NYV^PUN YLX\PYL�
TLU[Z VU 3,+Z� >LSS Z\P[HISL MVY JVVSLY
�IS\LY� ZVS\[PVU VM OPNO **;� ^P[O P[Z SV^
JVSVY YLUKP[PVU �9H$���� P[ PZ ILJVTPUN PU�
JYLHZPUNS` PUZ\MÄJPLU[ MVY [VKH`»Z YLX\PYL�
TLU[Z" OPNO *90 SPNO[PUN� ^PKL JVSVY NHT\[
KPZWSH` HUK \S[YH]PVSL[ HUK PUMYHYLK HWWSPJH�
[PVUZ� ;OLYLMVYL� KLYP]H[P]LZ HUK Z\IZ[P[\[LZ
MVY @(. `LSSV^ WOVZWOVYZ OH]L NYHK\HSS`
H[[YHJ[LK H[[LU[PVU� 0U WHY[PJ\SHY� 3\(.
NYLLU WOVZWOVY �^P[O 3\ YLWSHJPUN @�� .H�
@(. HUK V[OLY NYLLU WOVZWOVYZ �^P[O .H
YLWSHJPUN (S PU WHY[� HYL YLWSHJPUN @(. `LS�
SV^ WOVZWOVYZ» ZOHYL PU [OL SPNO[PUN THYRL[
ILJH\ZL VM [OLPY SV^ JVZ[� OPNO LMÄJPLUJ �̀
OPNO Z[HIPSP[ �̀ HUK OPNO JVTWH[PIPSP[` ^P[O
:*(:5 YLK WOVZWOVYZ� @(.� .H�@(.� HUK

-PN\YL �! ;̀ WPJHS ZWLJ[YHS WV^LY
KPZ[YPI\[PVU VM @(. WOVZWOVYZ� L_JP[H[PVU
�,_� HUK LTPZZPVU �,T�" _�H_PZ PU
^H]LSLUN[O UT

3\(. WOVZWOVYZ HYL Z`U[OLZPaLK I` [OL
OPNO�[LTWLYH[\YL ZVSPK�Z[H[L TL[OVK� 5VY�

THSS` [OL` HYL JHSJPULK H[ ����¶���� �*
MVY ��� OV\YZ PU H ^LHRS` YLK\JPUN H[TV�
ZWOLYL� ;OL ZLTP�ÄUPZOLK WYVK\J[ HM[LY
JHSJPUH[PVU ^PSS NV [OYV\NO WYVJLZZLZ VM
JSHZZPÄJH[PVU� JSLHUPUN� JVH[PUN HUK WHJR�
HNPUN� HUK [OLU ILJVTL 3,+ WOVZWOVY�
)LJXUH � ZOV^Z [OL ZWLJ[YHS WV^LY KPZ�
[YPI\[PVU VM @(. HUK P[Z KLYP]H[P]LZ� ;OLPY
[`WPJHS L_JP[H[PVU ^H]LSLUN[O PZ IL[^LLU
���¶��� UT� HUK [OL L_JP[H[PVU WLHR PZ H[
HIV\[ ��� UT� ;OPZ PZ OPNOS` JVTWH[PISL
^P[O .H5 IS\L JOPWZ� ^OPJO [VNL[OLY HYL H
NVVK ZVS\[PVU MVY OPNO�LMÄJPLUJ` SPNO[PUN� 0U
HKKP[PVU� @(. HUK P[Z KLYP]H[P]L WOVZWOVYZ
OH]L H ^PKL M\SS ^H]LSLUN[O H[ OHSM TH_P�
T\T �->/4� [OH[ PZ ^PKLY [OHU ��� UT�
^OPJO N\HYHU[LLZ YLSH[P]LS` OPNO 9H ]HS�
\LZ VM [OLZL 3,+ KL]PJLZ� @L[ H SHJR VM
OPNO�PU[LUZP[` YLK HIV]L ��� UT THRLZ
[OL ^OP[L SPNO[ JVSVY [LTWLYH[\YL [VV OPNO
HUK PTWLKLZ [OL M\Y[OLY PTWYV]LTLU[ VM
9H [O\Z [OL WOV[VTL[YPJ WLYMVYTHUJL VM
[OL 3,+� /V^L]LY� I` HKKPUN \W H SVUNLY
^H]LSLUN[O YLK WOVZWOVY� [OL WLYMVYTHUJL
VM 3,+ KL]PJLZ JHU IL M\Y[OLY PTWYV]LK� ([

-PN\YL �! :,4 PTHNL VM H @(. WOVZWOVY

WYLZLU[� [OL WLYMVYTHUJL HUK THYRL[ WV�
[LU[PHS VM @(. HUK P[Z KLYP]H[P]L WOVZWOVYZ
OH]L OP[ [OL IV[[SLULJR� )YLHR[OYV\NOZ HYL
OHYKS` MVYLZLLU PU [OL ZOVY[ [LYT� ;OL THY�
RL[ WYPJL PZ JSVZL [V [OL IV[[VT SPUL HUK
HSTVZ[ [V\JOLZ [OL WYVK\J[PVU JVZ[Z ZV
[OH[ P[Z THYRL[ ZOHYL JV\SK IL IHYLS` THPU�
[HPULK� ;OL ZOHYL ^PSS JVU[PU\L [V KLJYLHZL
PM [OLYL PZ UV ZPNUPÄJHU[ [LJOUPJHS \WNYHKL
PU [OL Z\IZLX\LU[ KL]LSVWTLU[ VM [OL 3,+
PUK\Z[Y �̀

1LWULGH 5HG 3KRVSKRUV
>��@�>��@

;̀ JPJHS WOVZWOVYZ!

� :Y*H(S:P5�!,\" λem = ���¶��� UT" YLK
WOVZWOVY

� *H(S:P5�!,\" λem = ���¶��� UT" YLK
WOVZWOVY

� *H(S:P5�!9\" 9L $ ZVTL VM ,\� *L� :T�
7Y� 3H HUK 3\

:*(:5 UP[YPKL YLK WOVZWOVYZ HYL VUL VM
[OL TVZ[ PTWVY[HU[ WOVZWOVY WYVK\J[Z
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PU [OL 3,+ PUK\Z[Y �̀ ZPUJL P[Z L_JLSSLU[
WYVWLY[PLZ Z\JO HZ OPNO LMÄJPLUJ` HUK
OPNO Z[HIPSP[` MHY L_JLLK V[OLY WOVZWOVY
[`WLZ� (TVUN SVUN�^H]LSLUN[O WOVZWOVYZ�
ZPSPJH[L VYHUNL WOVZWOVY HUK V_`UP[YPKL
WOVZWOVY OH]L ILLU HWWSPLK MVY H ^OPSL�
@L[ [OL` OH]L SV^ Z[HIPSP[` HUK THRL [OL
3,+ KL]PJLZ WVVYS` YLSPHISL� ;OL` HYL UV^
NYHK\HSS` YLWSHJLK I` :*(:5 UP[YPKL WOVZ�
WOVYZ� (M[LY `LHYZ VM 9+ LMMVY[Z� [OL JVZ[
VM :*(:5 WOVZWOVYZ JV\SK IL NYLH[S` YL�
K\JLK HUK [OLPY LMÄJPLUJ` HUK Z[HIPSP[` OHZ
ZPNUPÄJHU[S` PTWYV]LK� 0U [OL 3,+ SPNO[�
PUN THYRL[� [OL` [HRL \W H KVTPUHU[ WLY�
JLU[HNL� 0U IHJRSPNO[PUN� [OL` ZOHYL  ��
VM [OL THYRL[ [VNL[OLY ^P[O 2:- �Å\VYPKL
WOVZWOVYZ� HUK X\HU[\T KV[ TH[LYPHSZ�
:*(:5 UP[YPKL WOVZWOVYZ HYL WYVK\JLK ]PH

-PN\YL �! :,4 PTHNL VM :*(:5 UP[YPKL
WOVZWOVY

[OL OPNO�[LTWLYH[\YL ZVSPK�Z[H[L TL[OVK�
;OL YH^ TH[LYPHSZ MVY WYVK\J[PVU HYL TVZ[S`
UP[YPKLZ� ^P[O V_PKLZ HUK Å\VYPKLZ [HRPUN
H ZTHSS WYVWVY[PVU� ;OL JHSJPUH[PVU JVUKP�
[PVUZ HYL OPNOS` KLTHUKPUN! [OL [LTWLYH�
[\YL ZOV\SK IL HIV]L ���� �*� PULY[ NHZ VY
^LHRS` YLK\JPUN H[TVZWOLYL PZ YLX\PYLK MVY
WYV[LJ[PVU� [OL T\S[P�Z[LW TL[OVK PZ UVY�
THSS` HKVW[LK PU [OL WYVJLZZ� ;OPZ PZ VUL
VM [OL YLHZVUZ MVY [OL OPNO JVZ[ VM :*(:5
UP[YPKL WOVZWOVYZ� ;OL ZLTP�ÄUPZOLK WYVK�

\J[Z HM[LY JHSJPUH[PVU ^PSS NV [OYV\NO JSHZZP�
ÄJH[PVU� JSLHUPUN� JVH[PUN HUK WHJRHNPUN�
HUK [OLU ILJVTL :*(:5 UP[YPKL WOVZ�
WOVY� )LJXUH � ZOV^Z [OL ZWLJ[YHS WV^LY
KPZ[YPI\[PVU VM :*(:5 UP[YPKL WOVZWOVYZ�
;OL :*(:5 WOVZWOVYZ» L_JP[H[PVU ZWLJ[YH
OH]L OPNOLY PU[LUZP[` IL[^LLU ���¶��� UT
HUK JHU IL ^PKL�IHUK L_JP[LK ^P[O H OPNO
PU[LUZP[` ^P[OPU [OPZ YHUNL� ;OPZ PZ VUL VM
[OL ZPNUPÄJHU[ WLYMVYTHUJL HK]HU[HNLZ VM
:*(:5 WOVZWOVYZ� ;OL` JHU IL L_JP[LK
UV[ VUS` I` ���¶��� UT IS\L JOPWZ� I\[
HSZV I` ���¶��� UT ]PVSL[ JOPWZ� ^OPJO OHZ
IYVHKLY HWWSPJH[PVU� ;OL LTPZZPVU ZWLJ[YH
VM :*(:5 YLK WOVZWOVYZ ]HY` KLWLUK�
PUN VU [OL HJ[P]H[VY� ;OL THPUZ[YLHT PU
[OL THYRL[ PZ [OL ZOVY[�^H]LSLUN[O :Y�
*H(S:P5�!,\ HUK [OL SVUN�^H]LSLUN[O
*H(S:P5�!,\ �*(:5� WOVZWOVY� 0U HKKP�
[PVU� I` HKKPUN *L� :T� 7Y� L[J� HZ HJ�
[P]H[VYZ� [OL WLHR ^H]LSLUN[O YHUNL VM
:*(:5 WOVZWOVYZ JHU IL L_[LUKLK [V
���¶��� UT� >P[O OPNOLY LMÄJPLUJ` HUK
OPNOLY Z[HIPSP[ �̀ [OL WOVZWOVYZ JHU IL HW�
WSPLK TVYL IYVHKS �̀

:*(:5 YLK WOVZWOVYZ HYL [OL HIZVS\[L
THPUZ[YLHT VM YLK WOVZWOVYZ PU [OL 3,+
THYRL[� ;OL` H[[YHJ[ T\JO H[[LU[PVU IL�
JH\ZL VM [OLPY OPNO Z[HIPSP[` HUK ^PKLY HW�
WSPJHIPSP[ �̀ /V^L]LY� [OL PTWYV]LTLU[ VM
LMÄJPLUJ` ILJVTLZ PUJYLHZPUNS` KPMÄJ\S[�
PTWLKPUN [OL LMÄJHJ` PTWYV]LTLU[ VM
3,+ KL]PJLZ HUK [OL KL]LSVWTLU[ VM [OL
3,+ PUK\Z[Y �̀ 4VYLV]LY� JVTWHYLK ^P[O
@(. HUK P[Z KLYP]H[P]L WOVZWOVYZ� [OL WYV�
K\J[PVU JVZ[ VM :*(:5 YLK WOVZWOVYZ PZ
OPNOLY� ;OPZ ULLKZ [V IL ZVS]LK \YNLU[S �̀
)LZPKLZ� JVTWHYLK ^P[O 2:- �Å\VYPKL� YLK
WOVZWOVYZ� [OL :*(:5 WOVZWOVYZ OH]L
^PKLY ->/4Z� ;OPZ SPTP[Z [OLPY HWWSPJH[PVU
PU IHJRSPNO[PUN ZVS\[PVUZ K\L [V H SV^LY
NHT\[ HUK JHU UV SVUNLY TLL[ [OL IVVZ[�
PUN YLX\PYLTLU[Z� )\[ [OLYL PZ Z[PSS T\JO
YVVT MVY PTWYV]LTLU[ VM [OL :*(:5 WOVZ�
WOVYZ» WLYMVYTHUJL� HZ ^LSS HZ MVY WYV�
K\J[PVU WYVJLZZ HUK HWWSPJH[PVU ZVS\[PVUZ�

4HQVY THU\MHJ[\YLYZ HUK YLZLHYJO PUZ[P�
[\[LZ HYL KL]V[PUN TVYL LMMVY[Z PU [OL 9+
VM P[� :*(:5 YLK WOVZWOVYZ» YVSL PU [OL
3,+ PUK\Z[Y` ^PSS IL PUJYLHZPUNS` PTWVY[HU[�

%DULXP 6WURQWLXP
&KORURSKRVSKDWH %OXH
3KRVSKRUV >��@�>��@

;̀ JPJHS WOVZWOVY!

� �:Y� )H� ,\����76���*S�" λem = ���¶��� UT"
IS\L WOVZWOVY

:PSPJH[L WOVZWOVYZ \ZLK [V IL H JVT�
TVU [OYLL�WYPTHY`�JVSVYZ WOVZWOVY PU
[OL [PTL VM Å\VYLZJLU[ SPNO[PUN� @L[ P[ JHU�
UV[ IL HWWSPLK PU 3,+ SPNO[PUN ILJH\ZL VM
P[Z SV^ TVPZ[\YL YLZPZ[HUJL HUK SV^ Z[H�
IPSP[ �̀ ;OLU� JOSVYVWOVZWOH[L WOVZWOVY
HWWLHYLK HUK ZOV^LK IL[[LY Z[HIPSP[` HUK
LMÄJPLUJ �̀ TLL[PUN [OL YLX\PYLTLU[Z VM 3,+
KL]PJLZ� )HYP\T Z[YVU[P\T JOSVYVWOVZ�
WOH[L PZ VUL VM [OVZL IS\L WOVZWOVYZ [OH[
PZ NL[[PUN HKVW[LK ILJH\ZL VM P[Z LTPZ�
ZPVU ^H]LSLUN[O H[ ���¶��� UT� )HYP\T

-PN\YL �! :WLJ[YHS WV^LY KPZ[YPI\[PVU VM
IPZWOVZWOVUH[L IS\L WOVZWOVYZ

Z[YVU[P\T JOSVYVWOVZWOH[L PZ WYVK\JLK
[OYV\NO [OL OPNO�[LTWLYH[\YL ZVSPK�Z[H[L
TL[OVK� ^P[O HTTVUP\T ZHS[Z HUK V[OLY
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LHZPS` KLJVTWVZHISL PUVYNHUPJ ZHS[Z HZ
YH^ TH[LYPHSZ� +\YPUN [OL WYVK\J[PVU� [OL
HTTVUP\T ZHS[ ]VSH[PSPaLZ HUK YLSLHZLZ PYYP�
[H[PUN VKVYZ� HUK [OL `PLSK YH[L PZ X\P[L SV �̂
;OPZ PZ HSZV [OL YLHZVU MVY [OL OPNO WYPJL
VM JOSVYVWOVZWOH[L PU [LYTZ VM LU]PYVU�
TLU[HS WYV[LJ[PVU� JVZ[ HUK WYVK\J[PVU�
;OL JOSVYVWOVZWOH[L JHU IL VI[HPULK
MYVT OPNO�[LTWLYH[\YL JHSJPUH[PVU� ;OLU
PU HU HUO`KYV\Z L[OHUVS LU]PYVUTLU[� P[ IL�
JVTLZ IHYP\T Z[YVU[P\T JOSVYVWOVZWOH[L
IS\L WOVZWOVY HM[LY JSHZZPÄJH[PVU� JSLHUPUN
HUK JVH[PUN� )LJXUH � ZOV^Z [OL ZWLJ[Y\T
VM IHYP\T Z[YVU[P\T JOSVYVWOVZWOH[L IS\L
WOVZWOVY� ;OL LTPZZPVU WLHR ^H]LSLUN[O
PZ ���¶��� UT� ^OPJO JVPUJPKLZ ^P[O [OL
LTPZZPVU WLHR ^H]LSLUN[O VM [OL IS\L JOPW�
;OL L_JP[H[PVU ZWLJ[Y\T OHZ H ^PKL HUK
OPNO L_JP[H[PVU PU[LUZP[` MYVT ���¶��� UT�
;OLYLMVYL� JOSVYVWOVZWOH[L PZ [OL WYLMLYYLK
IS\L WOVZWOVY MVY ]PVSL[ 3,+ VY \S[YH]PVSL[
3,+�

>P[O [OL ]PVSL[ 3,+ [LJOUVSVN` NL[[PUN
IYVHKLY HJJLW[HUJL HUK [OL ]PVSL[ 3,+
THYRL[ L_WHUKPUN� JOSVYVWOVZWOH[L WOVZ�
WOVYZ OH]L NYHK\HSS` KYH^U H[[LU[PVU�
;OLYL HYL Z[PSS JOHSSLUNLZ MVY ]PVSL[ 3,+Z
ILJH\ZL VM [OL OPNO JVZ[ VM ]PVSL[ JOPWZ
HUK [OL 3,+»Z WLYMVYTHUJL HUK YLSPHIPSP[ �̀
/V^L]LY� [OL Z\USPNO[�TPTPJRPUN ZWLJ[Y\T
HUK ]PVSL[ 3,+Z HYL ILJVTPUN TVYL WVW�
\SHY PU YLJLU[ `LHYZ� HUK [OL KLTHUK MVY
IS\L WOVZWOVYZ LZWLJPHSS` JOSVYVWOVZWOH[L
WOVZWOVYZ PZ NYV^PUN� >P[O [OL PTWYV]L�
TLU[ VM ]PVSL[ JOPW WLYMVYTHUJL HUK ]PVSL[
3,+ WHJRHNPUN [LJOUVSVN �̀ ]PVSL[ 3,+Z
HUK JHSJP\T Z[YVU[P\T JOSVYVWOVZWOH[L
WOVZWOVYZ ^PSS ILJVTL PUJYLHZPUNS` ZPNUPÄ�
JHU[ PU [OL THYRL[�

β�6LDORQ *UHHQ 2[\QLWULGH
3KRVSKRU >��@�>��@

;̀ JPJHS WOVZWOVYZ!

� β�:PHSVU �:P� ¶ a(Sa ¶ _6a5� ¶ a�!,\_"
λem = ���¶��� UT" NYLLU WOVZWOVY

;OL Z[Y\J[\YL VM [OL β�:PHSVU ^HZ KLYP]LK
MYVT [OL β�:P�5� I` LX\P]HSLU[ Z\IZ[P[\[PVU
VM (S¶6 MVY :P¶5� ^OLYL [OL JOLTPJHS JVT�
WVZP[PVU PZ ^YP[[LU HZ :P� ¶ a(Sa6a5� ¶ a �a
YLWYLZLU[Z [OL U\TILY VM (S¶6 WHPYZ Z\I�
Z[P[\[PUN MVY :P¶5 WHPYZ HUK 0 < z < 4.2��
β�:PHSVU OHZ H OL_HNVUHS JY`Z[HS Z[Y\J[\YL
^P[O JVU[PU\V\Z JOHUULSZ WHYHSSLS ^OLYLPU
[OL ,\ KVWHU[Z HYL ZP[\H[LK� ;OL THQVY
MLH[\YL VM β�:PHSVU PZ [OL UHYYV^ ->/4
�NLULYHSS` SLZZ [OHU ��UT�� YLZ\S[PUN PU
TVYL ZH[\YH[LK NYLLU SPNO[� ;O\Z� P[ OHZ
\UPX\L HK]HU[HNLZ PU [OL ÄLSK VM IHJRSPNO[�
PUN ZPUJL ^PKLY NHT\[ JHU IL VI[HPULK
MYVT [OPZ ZH[\YH[LK LTPZZPVU� 0[Z L_JP[H[PVU
LMÄJHJ` IL[^LLU ��� UT HUK ��� UT PZ

M\Y[OLYTVYL Z\MÄJPLU[ [V ILPUN HWWSPLK ^P[O
\S[YH�]PVSL[� ]PVSL[� VY IS\L 3,+Z� )LJXUH  
ZOV^Z [OL L_JP[H[PVU HUK LTPZZPVU ZWLJ�
[Y\T VM β�:PHSVU WOVZWOVY� β�:PHSVU JV\SK

-PN\YL  ! β�:PHSVU NYLLU WOVZWOVY
ZWLJ[Y\T

-PN\YL ��! β�:PHSVU \UKLY :,4

IL VI[HPULK I` H OPNO�[LTWLYH[\YL ZVSPK�
Z[H[L TL[OVK� ;OL THU\MHJ[\YPUN WYVJLZZ
YLX\PYLZ JVUKP[PVUZ VM [LTWLYH[\YL HIV]L
� �� �* HUK WYLZZ\YL HIV]L � 47H� HZ
^LSS HZ [OL WYV[LJ[PVU VM PULY[ NHZ Z\JO HZ
5� VY (Y� β�:PHSVU HSZV KLTHUKZ OPNO W\�
YP[` YH^ TH[LYPHSZ ZPUJL P[Z Z[Y\J[\YL ULLKZ
TPU\[L (S�6 [V YLWSHJL :P�5 HUK [OL [YHJL
LSLTLU[Z (S HUK 6 L_PZ[ WYPTP[P]LS` PU :P�5�

OH]L H ZPNUPÄJHU[ PTWHJ[ VU [OL YLZ\S[� ;OPZ
MHJ[VY OHZ [V IL JVUZPKLYLK PU [OL WYVK\J�
[PVU WYVJLZZ� L�N� TVYL WYLJPZL TP_PUN YH[PV
ULLKZ [V IL HJOPL]LK� ^OPJO JH\ZLZ [OL LS�
L]H[LK THU\MHJ[\YPUN JVZ[ HUK ZSV^Z KV^U
[OL THYRL[ HKVW[PVU VM β�:PHSVU WOVZWOVY�
*\YYLU[S �̀ P[ PZ YHYLS` HWWSPLK PU JVTTLYJPHS
SPNO[PUN� I\[ PZ PUKPZWLUZHISL PU ZVTL ÄLSKZ
^OLYL P[ WYV]PKLZ OPNO HKKLK ]HS\L� SPRL
IHJRSPNO[PUN�

)OXRULGH 5HG 3KRVSKRU
>��@�>��@

;̀ JPJHS WOVZWOVYZ!

� 2:-�2.- �2�:P-��!4U � �2�.L-��!4U

2:-�2.- �2�:P-��!4U � �2�.L-��!4U PZ [OL
[`WPJHS Å\VYPKL YLK WOVZWOVY� ;OL ZWLJ�

[Y\T ZOV^Z [OH[ P[ JV\SK IL L_JP[LK I`
���¶��� UT SPNO[ HUK WHY[PJ\SHYS` [OL WLHR
^H]LSLUN[O VM L_JP[H[PVU� ^OPJO PZ ��� UT�
JVPUJPKLZ ^P[O [OL LTPZZPVU ZWLJ[Y\T
VM IS\L 3,+ JOPWZ� ;OL UHYYV^LY ->/4
ZWLJ[Y\T VM VUS` �� UT SLHKZ [V TVYL ZH[�
\YH[LK YLK SPNO[� HUK [O\Z JV\SK HJOPL]L
^PKLY NHT\[ ^OLU \ZLK PU 3,+ KL]PJLZ�
/V^L]LY� 2:-�2.- PZ LHZ` [V KLJVTWVZL
\UKLY OPNO [LTWLYH[\YL VY OPNO O\TPKP[`
JVUKP[PVUZ� ^OPJO SPTP[Z P[Z HWWSPJH[PVUZ�
4VYLV]LY� P[ OHZ OPNOLY WYVK\J[PVU JVZ[Z
JVTWHYLK [V V[OLY WOVZWOVYZ K\L [V [OL
ULJLZZHY` [YLH[TLU[ O`KYVÅ\VYPJ HJPK �/-�
VY V[OLY Å\VYPKLZ� ^OPJO TH` IL OHYTM\S
MVY [OL LU]PYVUTLU[ VY O\THU IVK �̀ ;OL
THU\MHJ[\YPUN WYVJLZZ HUK WYVK\J[PVU
[LJOUPX\L HYL KPMÄJ\S[ HZ [OL` HYL IHZLK VU
SPX\PK WOHZL WYVJLZZPUN�

(Z H YLZ\S[ VM [OL PUZ[HIPSP[` HUK OPNO�JVZ[�
2:-�2.- PZ VUS` HWWSPLK PU ZVTL WHY[PJ\SHY
HWWSPJH[PVUZ� -VY L_HTWSL� VU HJJV\U[ VM
[OL UHYYV^ ->/4 HUK OPNO S\TPUV\Z LMÄ�
JHJ �̀ P[ PZ H JVTWL[P[P]L ZVS\[PVU JVTWHYLK
[V X\HU[\T KV[Z PU [OL HWWSPJH[PVU VM IHJR�
SPNO[PUN� LZWLJPHSS` ^OLU P[ JVSSVJH[LZ ^P[O
β�:PHSVU� 5VUL[OLSLZZ� [OL Z[HIPSP[` HUK
HWWSPJH[PVU YHUNL VM 2:-�2.- PZ NYHK\HSS`
PUJYLHZPUN HSVUN ^P[O PTWYV]LTLU[Z VM [OL
THU\MHJ[\YPUN HUK JVH[PUN WYVJLZZ�

)XWXUH 3URVSHFWV RI /('
3KRVSKRU

0LQL�/('

4PUP�3,+Z HYL KL]LSVWLK \WVU [OL PU�
JYLHZPUN KLTHUK MVY OPNOLY YLZVS\[PVU
HUK ZTHSSLY WP_LS ZPaL PU KPZWSH` HWWSPJH�
[PVUZ� (S[OV\NO 63,+Z HUK X\HU[\T KV[Z
�8+Z� HYL J\YYLU[ ZVS\[PVUZ� OV^L]LY� [OL
OPNO THU\MHJ[\YPUN LMMVY[� [OL SV^ `PLSK VM
63,+Z� [OL OPNO JVZ[� HUK [OL OLH]` TL[HS
JVU[HTPUH[PVU WYVISLTZ VM 8+Z SPTP[ [OLPY
THYRL[ HKVW[PVU� ;O\Z� TPUP�3,+Z HYL H
WVZZPISL ZVS\[PVU IHZLK VU [YHKP[PVUHS 3,+
[LJOUVSVN �̀ 4PUP�3,+Z YLK\JL [OL KPTLU�
ZPVU VM JVU]LU[PVUHS 3,+ KL]PJLZ [V SLZZ
[OHU ��� �T VY L]LU ILSV^ �� �T� ^OPJO
JVU[YPI\[LZ [V ZTHSSLY S\TPULZJLUJL \UP[Z
HUK [O\Z OPNOLY KPZWSH` YLZVS\[PVU� /V^�
L]LY� [OL JVU]LU[PVUHS 3,+ WOVZWOVY PZ UV[
MLHZPISL MVY TPUP�3,+ HZ [OLPY TLKPHU WHY�
[PJSL KPHTL[LY PZ NLULYHSS` ��¶�� �T� ^OPSL
[OL TH_PT\T WHY[PJSL KPHTL[LY JHU YLHJO
�� �T� ;OL PTWYV]LK WOVZWOVY THU\MHJ�
[\YPUN [LJOUVSVN` J\[ KV^U [OL TLKPHU
]HS\L [V �¶�� �T HUK [OL TH_PT\T ]HS\L
[V SLZZ [OHU �� �T [V TLL[ [OL YLX\PYLTLU[
VM TPUP�3,+ ���� �T THNUP[\KL�� ;OL UL_[
YLZLHYJO MVJ\ZLZ VU KLJYLHZPUN [OL WHY[P�
JSL KPHTL[LY M\Y[OLY [V � �T �TLKPHU ]HS\L�
HUK � �T �TH_PT\T ]HS\L� MVY TPJYV�3,+



-PN\YL ��! ;OL WSH[L VM WOVZWOVY PU NSHZZ HUK [OL PSS\TPUH[PVU

-PN\YL ��! ;̀ WPJHS JOHYHJ[LYPZ[PJZ VM ZL]LYHS PUMYHYLK WOVZWOVYZ
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��� �T THNUP[\KL�� ;OL WHY[PJSLZ VM JVU�
]LU[PVUHS WOVZWOVY HUK WOVZWOVY MVY TPUP�
3,+Z VIZLY]LK I` ZJHUUPUN LSLJ[YVU TP�
JYVZJVWL �:,4� HYL ZOV^U PU )LJXUH ��H
HUK )LJXUH ��I�

(S[OV\NO [OL WOVZWOVY ^P[O TPJYVWHY[PJSLZ
JV\SK IL VI[HPULK I` H WO`ZPJHS JY\ZOPUN
TL[OVK� [OPZ HWWYVHJO KHTHNLZ [OL JY`Z�
[HS SH[[PJL VM WOVZWOVY ZL]LYLS` HUK SLHKZ
[V O\NL SVZZ PU X\HU[\T LMÄJPLUJ` �8,�
HUK S\TPUV\Z LMÄJHJ` �3,�� HUK [O\Z JHU�
UV[ ZH[PZM` [OL WLYMVYTHUJL VM TPUP�3,+Z�
0U WYHJ[PJL� [OL WOVZWOVY MVY TPUP�3,+Z�
^OPJO OHZ TPJYVWHY[PJSL ZPaL I\[ ZPTPSHY 8,
HUK 3,� T\Z[ IL VI[HPULK I` HU VW[PTPaLK
HUK Z[YPJ[S` JVU[YVSSLK WYVJLZZ LZWLJPHSS`
[OL ÄYPUN�

-PN\YL ��! H� :*(:5 UP[YPKL YLK
WOVZWOVY \UKLY :,4� � *VU]LU[PVUHS
:*(:5 WOVZWOVY

-PN\YL ��! I� :*(:5 UP[YPKL YLK
WOVZWOVY \UKLY :,4� � :*(:5
WOVZWOVY MVY TPUP�3,+Z

3KRVSKRU LQ JODVV �3L*� 	
FHUDPLF SKRVSKRU SODWH
�&33�

+LZWP[L [OL YHWPK KL]LSVWTLU[ VM 3,+
WHJRPUN [LJOUVSVN �̀ ZVTL JYP[PJHS PZZ\LZ
VM 3,+ KL]PJLZ YLTHPU \UZVS]LK� /LH[ PZ
VUL VM [OL JOHSSLUNLZ� ^OPJO JH\ZLZ [OL
HNPUN VM ZPSPJH NLS PU 3,+ WHJRHNLZ� ;OPZ

HMMLJ[Z [OL S\TPUV\Z WLYMVYTHUJL HUK SPMLZ�
WHU VM 3,+ KL]PJLZ� 7P. HUK *77 [LJO�
UVSVNPLZ SLZZLU [OL ZPSPJH NLS \ZLK PU 3,+
KL]PJLZ HUK LUOHUJL [OL TVPZ[\YL YLZPZ�
[HUJL HUK [OLYTHS Z[HIPSP[ �̀ ;OPZ YLZ\S[Z PU
L_[LUKLK SPMLZWHU HUK PTWYV]LK WLYMVY�
THUJL VM 3,+ KL]PJLZ� ([ WYLZLU[� 7P. OHZ
HSYLHK` JVTTLYJPHSPaLK ^P[O JVU[PU\PUN \W�
NYHKLK WLYMVYTHUJL� ^OPSL *77 PZ Z[PSS PU
[OL KL]LSVWTLU[ WOHZL HUK UV WYVK\J[Z VY
ZJOLTLZ HYL H]HPSHISL VU [OL THYRL[�

,QIUDUHG 3KRVSKRU >��@�>��@

0UMYHYLK 3,+ PZ HU PTWVY[HU[ JSHZZ PU 3,+Z�
^OVZL ^H]LSLUN[O YHUNL PZ ���¶���� UT�
;OL HWWSPJH[PVUZ JV]LY [YHKP[PVUHS ZLJ\YP[`
TVUP[VYZ� YLTV[L ZLUZVYZ HUK LTLYNPUN
ÄLSKZ PUJS\KPUN TVIPSLZ� ^LHYHISL LSLJ�
[YVUPJZ� ZVTH[VZLUZVY` KL[LJ[PVU MVY =9�
MVVK PUZWLJ[PVU� HUK TLKPJHS JHYL� 4VZ[
JVTTVU PUMYHYLK 3,+Z VU [OL THYRL[ \[P�
SPaL ZLTPJVUK\J[VY JOPW KPYLJ[S �̀ ^OPJO OHZ
^LHR WVPU[Z VM SV^ YH[LK WV^LY� WVVY [OLY�
THS Z[HIPSP[ �̀ UHYYV^ ->/4 HUK L_WLUZP]L
JVZ[� 3,+Z ^P[O PUMYHYLK WOVZWOVY L_JP[LK
I` [OL IS\L JOPW PZ [OL SH[LZ[ ZVS\[PVU [V
[OPZ WYVISLT� 0[ OHZ [OL HK]HU[HNL VM SV^�
JVZ[ [OHURZ [V [OL SHYNL ZJHSL HUK YHWPK
KL]LSVWTLU[ VM [OL ^OP[L 3,+ PUK\Z[Y �̀
^OPJO WYVTV[LZ [OL IS\L JOPW [LJOUVSVN`
[V IL TH[\YLK� )LZPKLZ� [OL HK]HU[HNLZ
HSZV PUJS\KL OPNO [OLYTHS Z[HIPSP[ �̀ ^PKL HUK
[\UHISL ZWLJ[Y\T HUK OPNO WV^LY�

)LJXUH �� ZOV^Z [OL L_JP[H[PVU HUK LTPZ�
ZPVU ZWLJ[Y\T VM � KPMMLYLU[ YLK�ULHY PU�

MYHYLK WOVZWOVYZ� ^OPJO HYL 3P.H�:P6�!*Y�
@(.!*Y HUK :Y(S�6�!*Y� ;OLPY LTPZZPVU
PU[LUZP[PLZ VY LTPZZPVU ZWLJ[YH HYL ZSPNO[S`
KPMMLYLU[ HUK [O\Z HYL Z\P[HISL MVY KPMMLYLU[
HWWSPJH[PVUZ� -VY L_HTWSL� 3P.H�:P6�!*Y
HUK @(.!*Y� ^OPJO HYL L_JP[LK I` IS\L SPNO[
OH]L H WLHR LTPZZPVU ^H]LSLUN[O IL[^LLU
��� UT HUK ��� UT� ;OPZ PZ LMÄJPLU[S` HI�
ZVYILK I` JOSVYVWO`SS� HUK [O\Z ILULÄJPHS
MVY [OL WOV[VZ`U[OLZPZ VM NYLLU WSHU[Z� ;OL
WLHR LTPZZPVU ^H]LSLUN[O VM :Y(S�6�!*Y
PZ � � UT ^P[O H ^PKLY ->/4 L_[LUKZ [V
��� UT� 0[ JHU IL HWWSPLK PU UPNO[ ]PZPVU
Z\Y]LPSSHUJL� ZOVY[ ^H]L ULHY�PUMYHYLK KL�
[LJ[PVU HUK V[OLY YLSH[LK ÄLSKZ�

6XPPDU\

7OVZWOVY IHZLK 3,+ KL]PJLZ WYV]PKL OPNO
S\TPUV\Z LMÄJHJ` HUK OPNO Z[HIPSP[ �̀ ;OL`
OH]L ILLU ^PKLS` \ZLK PU L]LY` HZWLJ[
VM PUK\Z[Y` HUK KHPS` SPML� ;OL` LZWLJPHSS`
VMMLY \UPX\L WLYMVYTHUJL [OH[ JHUUV[ J\Y�
YLU[S` IL YLWSHJLK I` V[OLY [LJOUVSVNPLZ
HUK [O\Z VJJ\W` [OL THQVY THYRL[ ZOHYL PU
JVTTLYJPHS SPNO[PUN� KPZWSH �̀ OVYP[\JS\[YL�
TLKPJHS JHYL HUK ZLJ\YP[` TVUP[VYPUN� -\Y�
[OLY PTWYV]LTLU[ HUK IYLHR[OYV\NO VM [OL
[LJOUVSVN` ^PSS IYVHKLU P[Z HWWSPJH[PVU ÄLSK�
HUK THRL WOVZWOVYZ WSH` HU L]LU TVYL
JY\JPHS YVSL� "
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5HIHUHQFHV

B�D (� 7tYLa�;VTmZ� ,� *OPRVPKaL� 4� 9� 1LU�
UPUNZ� :� (� 6� 9\ZZLSS� -� /� ;LOLYHUP� 7�
)V]L� ,� =� :HUKHUH HUK +� 1� 9VNLYZ�
6_PKL�IHZLK 4H[LYPHSZ HUK +L]PJLZ 0?�
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TLKPH� )LYSPU� .LYTHU`! :WYPUNLY" �����

B��D 4\S]HUL` 7� :\YMHJL WSHZTVU ZWLJ�
[YVZJVW` VM UHUVZPaLK TL[HS WHY[PJSLZ�
3HUNT\PY� �  �"�����!���¶����

B��D :PQIVT� /� -�" =LYZ[YHL[L� 9�" 1VVZ� 1� 1�"
7VLSTHU� +�" :TL[� 7� -� 2�:P-�!4U�� HZ
H 9LK 7OVZWOVY MVY +PZWSH`Z HUK >HYT�
>OP[L 3,+Z! ( 9L]PL^ VM 7YVWLY[PLZ (UK�
7LYZWLJ[P]LZ� 6W[� 4H[LY� ,_WYLZZ �����
�� ����������

B��D 3PU� *� *�" 4LPQLYPUR� (�" 3P\� 9��:��� *YP[�
PJHS 9LK *VTWVULU[Z MVY 5L_[�.LULYH[PVU
>OP[L 3,+Z� 1� 7O`Z� *OLT� 3L[[� ����� ��
� ������

B� D 3P� 1�" @HU� 1�" >LU� +�" 2OHU� >� <�" :OP�
1�" >\� 4�" :\� 8�" ;HUULY� 7� (� (K]HUJLK
9LK 7OVZWOVYZ MVY >OP[L 3PNO[�,TP[[PUN
+PVKLZ� 1� 4H[LY� *OLT� * ����� �� �����
�����

B��D ?PH� A�" ?\� A�" *OLU� 4�" 3P\� 8� 9LJLU[
+L]LSVWTLU[Z PU ;OL 5L^ 0UVYNHUPJ :VSPK�
:[H[L 3,+ 7OVZWOVYZ� +HS[VU ;YHUZ� �����
��� ������������

B��D AOV\� A�" AOV\� 5�" ?PH� 4�" @VRV`HTH�
4�" /PU[aLU� /� ;� 9LZLHYJO 7YVNYLZZ HUK
(WWSPJH[PVU 7YVZWLJ[Z VM ;YHUZP[PVU 4L[HS
4U���(J[P]H[LK 3\TPULZJLU[ 4H[LYPHSZ� 1�
4H[LY� *OLT� * ����� ��  ���� ����

B��D )YPR� 4� .�" :YP]HZ[H]H� (� 4� 6U ;OL
6W[PJHS 7YVWLY[PLZ VM [OL 4U�� PVU PU
:VSPKZ� 1� 3\TPU� ����� ���� � ����

B��D AO\� /� 4�" 3PU� *� *�" 3\V� >� 8�" :O\�
:� ;�" 3P\� A� .�" 3P\� @� :�" 2VUN� 1� ;�"
4H� ,�" *HV� @� .�" 3P\� 9� :�" *OLU� ?�
@� /PNOS` ,MÄJPLU[ 5VU�9HYL�,HY[O 9LK
,TP[[PUN 7OVZWOVY MVY >HYT >OP[L 3PNO[�
LTP[[PUN +PVKLZ� 5H[� *VTT\U� ����� ��
7HNL �� VM ��

B��D >\� >��3�" -HUN� 4��/�" AOV\� >�"
3LZUPL^ZRP� ;�" 4HOSPR� :�" .YPUILYN� 4�"
)YPR� 4� .�" :OL\� /��:�" *OLUN� )��4�"
>HUN� 1�" 3P\� 9��:� /PNO *VSVY 9LUKLYPUN
0UKL_ VM 9I�.L-�!4U�� MVY 3PNO[�,TP[[PUN
+PVKLZ� *OLT� 4H[LY� ����� � �  ��� � �

B��D 3PHU� /�" /\HUN� 8�" *OLU� @�" 3P� 2�"
3PHUN� :�" :OHUN� 4�" 3P\� 4�" 3PU� 1� 9LZ�

VUHUJL ,TPZZPVU ,UOHUJLTLU[ �9,,� MVY
5HYYV^ )HUK 9LK�,TP[[PUN (�.L-�!4U��
�( $ 5H� 2� 9I� *Z� 7OVZWOVYZ :`U[OLZPaLK
]PH H 7YLJPWP[H[PVU¶*H[PVU ,_JOHUNL 9V\[L�
0UVYN� *OLT� ����� ��� �� ����� ���

B��D AOV\� 8�" ;HU� /�" AOV\� @�" AOHUN�
8�" >HUN� A�" @HU� 1�" >\� 4� 6W[PJHS
7LYMVYTHUJL VM 4U�� PU H 5L^ /L_H�
*VVYKPUH[LK -S\VYVaPYJVUH[L *VTWSL_ VM
*Z�AY-�� 1� 4H[LY� *OLT� * ����� ��
����������

B��D ;HUN� -�" :\� A�" @L� /�" >HUN� 4�" 3HU�
?�" 7OPSSPWZ� +� 3�" *HV� @�" ?\� :� ( :L[ VM
4HUNHULZL 0VU (J[P]H[LK -S\VYPKL 7OVZ�
WOVYZ �(�)-�!4U��� ( $ 2� 5H� ) $ :P�
.L� ;P�! :`U[OLZPZ ILSV^ � +LNYLLZ V*
HUK ,MÄJPLU[ 9VVT�;LTWLYH[\YL 7OV[VS\�
TPULZJLUJL� 1� 4H[LY� *OLT� * ����� ��
 ���� ����

B��D /VHUN�+\ �̀ 5�" 3P\� 9��:�� 5HYYV^�)HUK
9LK�,TP[[PUN 4U���+VWLK /L_HÅ\VYPKL
7OVZWOVYZ! :`U[OLZPZ� 7W[VLSLJ[YVUPJ
7YVWLY[PLZ� HUK (WWSPJH[PVUZ PU >OP[L 3PNO[�
,TP[[PUN +PVKLZ� 1� 4H[LY� *OLT� * �����
�� ���� �������

B� D AOV\� 8�" AOV\� @� @�" 3P\� @�" >HUN� A�
3�" *OLU� .�" 7LUN� 1� /�" @HU� 1�" >\� 4�
4� ( 5L^ HUK ,MÄJPLU[ 9LK 7OVZWOVY MVY
:VSPK�:[H[L 3PNO[PUN! *Z�;P-�!4U��� 1�
4H[LY� *OLT� * ����� ��  ���� �� �

B �D >LP� 3��3�" 3PU� *� *�" >HUN� @��@�" -HUN�
4��/�" 1PHV� /�" 3P\� 9��:� 7OV[V ��� -HUN�
4��/�" /VHUN�+\ �̀ 5�" 3PU� *� *�" 3P\� 9��:�
7YLWHYH[PVU VM H 5V]LS 9LK 9I�:P-�!4U��
7OVZWOVY ^P[O /PNO ;OLYTHS :[HIPSP[`
[OYV\NO H :PTWSL 6UL�:[LW (WWYVHJO�
1� 4H[LY� *OLT� * ����� �� ����������

B �D 5HRHT\YH� ;�" @\HU� A�" (KHJOP� :� 4P�
JYVUPaH[PVU VM 9LK�,TP[[PUN 2�:P-�!4U��
7OVZWOVY I` 7\SZLK 3HZLY 0YYHKPH[PVU PU 3PX�
\PK� (WWS� :\YM� :JP� ����� ���� ��������

B �D AO\� @�" @\� 1�" 3P\� @�" )YPR� 4� .�"
/\HUN� 3�" ?\HU� ;�" >HUN� 1� 7OV[VS\�
TPULZJLUJL 7YVWLY[PLZ VM H 5V]LS 9LK
-S\VYPKL 2�3P.H-�!4U�� 5HUVWOVZWOVY�
9:* (K]� ����� �� ��������� ��

B �D AO\� @�" *HV� 3�" )YPR� 4� .�" AOHUN�
?�" /\HUN� 3�" ?\HU� ;�" >HUN� 1� -HJPSL
:`U[OLZPZ� 4VYWOVSVN` HUK 7OV[VS\TPULZ�
JLUJL VM H 5V]LS 9LK -S\VYPKL 5HUVWOVZ�
WOVY 2�5H(S-�!4U��� 1� 4H[LY� *OLT� *
����� �� ����������

B �D AO\� 4�" 7HU� @�" ?P� 3�" 3PHU� /�" 3PU� 1�
+LZPNU� 7YLWHYH[PVU� HUK 6W[PTPaLK 3\TP�
ULZJLUJL VM H +VKLJ�-S\VYPKL 7OVZWOVY
3P�5H�(S�-��!4U�� MVY >HYT >3,+Z
(WWSPJH[PVU� 1� 4H[LY� *OLT� * �����

B �D :VUN� ,�" >HUN� 1�" :OP� 1�" +LUN� ;�" @L�
:�" 7LUN� 4�" >HUN� 1�" >VUKYHJaLR� 3�"
AOHUN� 8� /PNOS` ,MÄJPLU[ HUK ;OLYTHSS`
:[HISL 2�(S-�!4U�� HZ H 9LK 7OVZWOVY
MVY <S[YH�/PNO�7LYMVYTHUJL >HYT >OP[L
3PNO[�,TP[[PUN +PVKLZ� (*: (WWS� 4H[LY�
0U[LYMHJLZ �����  � ����������

B �D /�>H[HUHIL� /�>HKL HUK 2�:LRP� :`U�
[OL[PJ 4L[OVK HUK 3\TPULZJLUJL 7YVWLY�
[PLZ VM :Y_*H��_(S:P5�!,\�� 4P_LK 5P[YPKL
7OVZWOVYZB1D�1�VM ;OL ,SLJ[YVUJOLTPJHS
:VJPL[ �̀���B�D-���-��������

B �D ?�8�7PHV� 2�4HJOPKH HUK ;�/VYPRH^H�
7YLWHYH[PVU VM *H(S:P5�!,\�� 7OVZWOVYZ



3,+ 7/6:7/69 ;9,5+: *<99,5; ;9,5+: 05 3,+ 7/6:7/69 +,=,3674,5;: ! " #

�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� 0ZZ\L � 

I` [OL :LSM�7YVWHNH[PUN /PNO�;LTWLYH[\YL
:`U[OLZPZ HUK ;OLPY 3\TPULZJLU[ 7YVWLY�
[PLZB1D�*OLT� 4H[LY��� ��� ����  ������

B �D 4H[Z\aH^H ;� (VRP @ ;HRL\JOP 5 L[ HS�
1V\YUHS VM [OL ,SLJ[YVJOLTPJHS :VJPL[`
�  � ������! �����

B  D @HTHTV[V ��� 4H[Z\aH^H ;� 1V\YUHS VM
3\TPULZJLUJL �  � �����! ���

B���D *\P *HP�L >HUN :LU >HUN 7PUN� (J[H
7O`ZPJH :PUPJH ��� ������������

B���D ?PL >LP� >HUN @PUOHP�>\ @PO\H L[ H�
(J[H 7O`ZPJH :PUPJH���� � ���! ����

B���D @\ 5HP`PU�3P\ -LUN 3P ?\�HU L[ HS� (W�
WSPLK 7O`ZPJZ 3L[[LYZ ���  �����! �������
��� � ��

B���D @HU >\aOHV� 3P\ -LUN� 3\ @P`PUN L[ H��
6W[PJZ ,_WYLZZ ���� ��� � ������

B���D 5VNHSLZ , .HYJxH 1 4tUK ) HS� 1V\YUHS
VM (WWSPLK 7O`ZPJZ ���� ������ �������

B���D 3\ @P`PUN 3P\ -LUN .\ AOHUNQ\U L[ HS�
1V\YUHS VM 3\TPULZJLUJL ��:*(:5� ���
�����

B���D 9VKYxN\La�4LUKVaH < 9 3H]xU = 4HY[xU
� 9 L[ HS� 1V\YUHS VM 3\TPULZJLUJL ����
������ ���

B���D )HZ\U : (�2HWS`HUZRPP ( (�2\[ZLURV
( ) L[ HS� (WWSPLK 7O`ZPJZ ) ���� ������
����

B���D AOHUN 1\UNHUN 3P )PU ?PH *OHUN[HP L[
HS� :JPLUJL PU *OPUH :LYPLZ , ;LJOUVSVNPJHS
:JPLUJLZ���� ��������

B�� D 4HROV] = 5� 3\ZOJOPR 3\ZOJOPR * )
L[ HS� 5\JSLHY 0UZ[Y\TLU[Z HUK 4L[OVKZ PU
7O`ZPJZ 9LZLHYJO ) ���� ��������� � � �

B���D >HUN :OLUN� :OHV 4PUN^HUN� :OHV
.\HUN L[ H�� *OLTPJHS 7O`ZPJZ 3L[[LYZ
���� ���� ��� ����

B���D 5HN (� 2\[[` ; 9 5� 1V\YUHS VM (SSV`Z
HUK *VTWV\UKZ ���� �������� ����

$%287 7+( $87+25

/LQ =+$1*� 'U�! +Y� A/(5.� [OL *OPLM
;LJOUVSVN` 6MÄJLY VM )LPQPUN 5HRHT\YH�
@\QP ^OPJO PZ H JVYL TLTILY VM )LPQPUN @\QP
:JPLUJL  ;LJOUVSVN` .YV\W� PZ WYLZLU[S`
PU JOHYNL VM JVTWYLOLUZP]L 9+ PZZ\LZ
H[ 5HRHT\YH�@\QP :; *V�� 3[K� :OL OHZ
SLK [OL WYLZLU[ [LHT MVY KL]LSVWPUN [OL
IYPNO[LZ[ YLK 3,+ WOVZWOVY� 5V^ OLY PU�

[LYLZ[ MVJ\ZLZ VU IHJRSPNO[ 3,+ WOVZWOVY
[V PTWYV]L WLYMVYTHUJL PU UV]LS PUK\Z[YPHS
HWWSPJH[PVUZ� )LMVYL QVPUPUN @\QP :; .YV\W
PU ����� ZOL ^VYRLK HZ H WVZ[KVJ[VYHS YL�
ZLHYJO ZJPLU[PZ[ H[ [OL 5H[PVUHS 0UZ[P[\[L VM
(K]HUJLK 0UK\Z[YPHS :JPLUJL HUK ;LJOUVS�
VN` �(0:;�� HM[LY YLJLP]LK OLY 7O�+� +LNYLL
MYVT 2`\ZO\ <UP]LYZP[` 1HWHU PU �����

$%287 <8-, 7(&+

)LPQPUN @\QP :JPLUJL  ;LJOUVSVN` *V�� 3[K�
�@\QP ;LJO�� OLHKX\HY[LYLK PU )LPQPUN� *OPUH�
^HZ MV\UKLK PU ����� @\QP ;LJO PZ H OPNO�
[LJO LU[LYWYPZL QVPU[S` MV\UKLK I` MHTV\Z
ZJOVSHYZ HUK L_WLY[Z H[ OVTL HUK HIYVHK�
6\Y JVYL I\ZPULZZ JV]LYZ Å\VYPUL JOLTPJHS�
3,+ WOVZWOVY HUK 3,+ WHJRHNL�

0U Å\VYPUL JOLTPJHS� @\QP ;LJO OHZ ILLU
KLKPJH[LK [V 9+ VM WYVK\J[PVU VM 6+:
HS[LYUH[P]LZ� Å\VYVWVS`TLYZ HUK Å\VYPUH[LK
ÄUL JOLTPJHSZ MVY `LHYZ� HUK OHZ ILJVTL
HU PU[LYUH[PVUHS SLHKPUN PUUV]H[PVU LU[LY�
WYPZL PU Å\VYPUL JOLTPJHS YLZLHYJO HUK
WYVK\J[PVU� @\QP ;LJO OHZ \UKLY[HRLU [OL
WYVQLJ[Z VM +L]LSVWTLU[ HUK 0UK\Z[YPHSPaH�
[PVU VM 6+: (S[LYUH[P]LZ MYVT 4PUPZ[Y` VM
,U]PYVUTLU[HS 7YV[LJ[PVU HUK +L]LSVWTLU[
HUK 0UK\Z[YPHSPaH[PVU VM 6+: (S[LYUH[P]LZ
MYVT [OL 0UK\Z[Y` HUK 0UMVYTH[PVU ;LJOUVS�
VN` +LWHY[TLU[ VM :OHHU_P 7YV]PUJL� 0U
����� [OL WYVQLJ[ +L]LSVWTLU[ HUK (WWSP�
JH[PVU VM [OL 4HU\MHJ[\YPUN HUK *H[HS`[PJ
;LJOUVSVN` VM ALYV 6+7 HUK ,U]PYVUTLU�
[HSS` -YPLUKS` -S\VYPKLZ I` @\QP ;LJO ^VU
[OL ZLJVUK WYPaL VM )LPQPUN :JPLUJL HUK
;LJOUVSVN` (^HYK� 0U ����� @\QP ;LJO ^VU
[OL ÄYZ[ WYPaL VM ¹:OHHU_P 7YV]PUJPHS :JP�
LUJL HUK ;LJOUVSVN` (^HYK¹� 0U ����� @\QP
;LJO ^VU [OL ZLJVUK WYPaL VM ¸:[H[L :JP�
LUJL HUK ;LJOUVSVN` 0U]LU[PVU (^HYK¹�
([ WYLZLU[� @\QP ;LJO OHZ HWWSPLK MVY ��
PU]LU[PVU WH[LU[Z� VM ^OPJO �� OH]L ILLU
NYHU[LK� @\QP ;LJO»Z THPU Å\VYPUL JOLTPJHSZ
JV]LY YLMYPNLYHU[Z� ISV^PUN HNLU[Z� HLYVZVS
WYVWLSSHU[Z� ÄYL L_[PUN\PZOPUN HNLU[Z�
JSLHUPUN HNLU[Z� LSLJ[YVUPJ NHZLZ� 0UZ\�
SH[PUN NHZLZ� PZVJ`HUH[LZ� WLYÅ\VYVHSR`
PVKPKLZ� Å\VYPUH[LK PU[LYTLKPH[LZ� Å\V�
YVWVS`TLYZ� L[J�

0U [OL ÄLSK VM 3,+ WOVZWOVY� @\QP [LJO PZ [OL
ÄYZ[ THU\MHJ[\YLY VM UP[YVNLU�V_PKL WOVZ�
WOVYZ PU *OPUH� ([ WYLZLU[� [OL ZWLJPHS 3,+
WOVZWOVYZ MYVT V\Y 9+ KLWHY[TLU[ OHZ
^VU THU` UH[PVUHS PU]LU[PVU WH[LU[� ZVTL
WH[LU[ OHZ HWWSPLK MVY WH[LU[ WYV[LJ[PVU PU
[OL <UP[LK :[H[LZ� 1HWHU� ,\YVWL� :V\[O
2VYLH HUK V[OLY JV\U[YPLZ HUK P[ OHZ ILLU
HSYLHK` NYHU[LK� 0U ����� @\QP»Z YLK HUK
NYLLU UP[YVNLU�V_PKL WOVZWOVYZ ^VU [OL
¹PUUV]H[PVU H^HYK¹ VM [OL ZLJVUK 5H[PVUHS
:LTPJVUK\J[VY 3PNO[PUN 7YVK\J[ HUK (W�
WSPJH[PVU 0UUV]H[PVU *VU[LZ[ VYNHUPaLK I`

*OPUH :LTPJVUK\J[VY 3PNO[PUN ,UNPULLY�
PUN 9+ HUK 0UK\Z[Y` (SSPHUJL� HUK @\QP
\UKLY[VVR [OL *OPULZL ¹���¹ WYVQLJ[� 0U
����� @\QP [LJO HUK 1HWHULZL 4P[Z\IPZOP
*OLTPJHS *VYWVYH[PVU YLHJOLK H Z[YH[LNPJ
WHY[ULYZOPW� ([ WYLZLU[� @\QP»Z Z\IZPKPHY`
)LPQPUN 5HRHT\YH�@\QP :JP;LJO *V��3[K
HSYLHK` V^UZ HU PU[LYUH[PVUHS SLHKPUN SL]LS
VM 9+ HUK THZZ WYVK\J[PVU VM WOVZWOVYZ
MVY ^OP[L 3,+ SPNO[PUN� HUK OHZ T\S[PWSL ZL[Z
VM LX\PWTLU[ MVY 3,+ WOVZWOVYZ WYVK\J�
[PVU�[LZ[PUN HUK WHJRHNPUN HWWSPJH[PVUZ�
6\Y WYVK\J[Z HYL L_WVY[LK [V 1HWHU� 2V�
YLH� ;HP^HU�,\YVWLHU HUK (TLYPJHU THY�
RL[Z�

0U [OL ÄLSK VM 3,+ SPNO[ ZV\YJL� 9+ HUK
PUK\Z[YPHSPaH[PVU HYL JHYYPLK V\[ I` )LPQPUN
@\QP ?PUN\HUN 7OV[VLSLJ[YPJ ;LJOUVSVN`
*V�� 3[K� ^OPJO PZ OLSK I` @\QP ;LJO� @\QP
?PUN\HUN PZ H THU\MHJ[\YLY VM ZWLJPHS 3,+
SPNO[ ZV\YJL� ^OPJO \ZLZ OPNO�LUK 3,+
SPNO[ ZV\YJL HUK [OL SPNO[ ZV\YJL PZ JSVZL [V
UH[\YHS SPNO[ [V LU[LY [OL ÄLSKZ VM WOV[VNYH�
WO` SPNO[PUN� OPNO�LUK PUKVVY SPNO[PUN� JVSVY
TLHZ\YLTLU[� T\ZL\T SPNO[PUN HUK ZV VU�
([ [OL ZHTL [PTL� [OL J\Z[VTPaLK ZWLJ�
[Y\T WYV]PKLK I` @\QP OHZ MVYTLK [OL PUÅ\�
LUJL PU [OL ^VYSK WYVMLZZPVUHS SPNO[ ZV\YJL
PUK\Z[Y` I` \ZPUN @\QP WOVZWOVY YLZV\YJLZ�

>P[O [OL NVHS VM JVU[YPI\[PUN [V [OL Z\Z[HPU�
HISL KL]LSVWTLU[ VM ZVJPL[` HUK LUOHUJPUN
[OL JVTWL[P[P]LULZZ VM [OL OPNO�[LJO TPZ�
ZPVU VM *OPUH� ^L OVSK PU[LNYP[ �̀ PUUV]H[PVU�
WLVWSL�VYPLU[LK ^VYR L[OPJ HZ V\Y JVYWV�
YH[L WOPSVZVWOPLZ� HUK ^VYR [V KL]LSVW HU
LULYN` HUK YLZV\YJL�ZH]PUN� HZ ^LSS HZ
HU LU]PYVUTLU[HSS` MYPLUKS` LU[LYWYPZL� )`
[HRPUN HK]HU[HNL VM [OL [YLUK HUK [OL TH�
[LYPHSZ� @\QP ;LJO Z[YP]LZ [V ILJVTL H SLHKLY
PU [OL ^VYSK VM ZJPLUJL HUK [LJOUVSVN �̀
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*HZL :[\K`! ;OLYTHS (UHS`ZPZ VM
HU 3,+ +LZPNU
4LL[PUN J\Z[VTLYZ» L_WLJ[H[PVUZ YLX\PYLZ W\ZOPUN [OL [LJOUPJHS
SPTP[Z VM KLZPNU� WLYMVYTHUJL� HUK WYVK\J[PVU [V UL^ SL]LSZ� HZ ^LSS
HZ L_WHUKPUN [V UL^ PUK\Z[YPLZ HUK HWWSPJH[PVUZ� 7YVK\JPUN OPNO
X\HSP[` LSLJ[YVUPJ Z`Z[LTZ TLHUZ [OL LTILKKLK JVTWVULU[Z T\Z[
IL THPU[HPULK ^P[OPU [OLPY VWLYH[PUN SPTP[Z� ;OLZL SPTP[Z HYL ZL[ I`
THU\MHJ[\YLYZ HUK KLÄULK \UKLY JLY[HPU VWLYH[PUN JVUKP[PVUZ �
PUJS\KPUN TLJOHUPJHS Z[YLZZ� O\TPKP[ �̀ MH[PN\L� ]PIYH[PVU� HUK
[OLYTHS SVHKZ� (YUH\K .PYPU� ;LJOUPJHS 4HYRL[PUN :WLJPHSPZ[ H[
:PT:JHSL KPZJ\ZZLZ [OL [OLYTHS HZWLJ[ HUK [OLPY ZPT\SH[PVU IHZLK
VU H WYVQLJ[ \ZPUN H �+ TVKLS *-+ ZPT\SH[PVU�
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3
5(',&7,1* WKH WHPSHUDWXUH DW
WKH FULWLFDO FRPSRQHQWV LV DQ
HVVHQWLDO SDUW RI WKH GHVLJQHUVâ

GXWLHV ZKHQ GHOLYHULQJ D UHOLDEOH DQG
KLJK�TXDOLW\ SURGXFW� 7KLV WDVN� HVSH�
FLDOO\ ZKHQ GHDOLQJ ZLWK ODUJH� FRPSOH[
DQG GHWDLOHG DVVHPEOLHV� XVHG WR EH
FRQVLGHUHG H[WUHPHO\ FKDOOHQJLQJ ZLWK
WUDGLWLRQDO FDOFXODWLRQ PHWKRGV� 7KH
GHVLJQ DQDO\VLV FRXOG RQO\ EH SDUWLDOO\
UHOLHG XSRQ XVLQJ DQDO\WLFDO WHFKQLTXHV
DQG GHVLJQ JXLGHOLQHV RI WKH WLPH� RIWHQ
OHDGLQJ WR SRRU SHUIRUPDQFH RU RYHUGH�
VLJQ�

7KH HPHUJHQFH RI QXPHULFDO PHWKRGV
WR VROYH FRPSOH[ WKHUPDO PDQDJHPHQW
HQJLQHHULQJ SUREOHPV FDPH DV D IDVW�
UHOLDEOH� DQG DFFXUDWH DOWHUQDWLYH� $
SURPLQHQW RQH LV FRPSXWDWLRQDO ñXLG G\�
QDPLFV �&)'�� ZKLFK LV DEOH WR SURYLGH
KHDW PDSV DQG WHPSHUDWXUH GLVWULEX�
WLRQ SORWV EXW DOVR LQGLFDWHV ZKHWKHU D
FRPSRQHQW KDV UHDFKHG D VWDWH RI RYHU�
KHDWLQJ� 8VLQJ D UHSUHVHQWDWLRQ RI WKH
WHVWHG GHVLJQ LQ WKH IRUP RI D �' PRGHO�
WKH GLVWULEXWLRQ RI SK\VLFDO TXDQWLWLHV
VXFK DV WKH WHPSHUDWXUH FDQ� WKHUHIRUH�
EH YLVXDOL]HG LQVLGH WKH DLU YROXPH DQG
WKURXJK HYHU\ NH\ FRPSRQHQW�

(OHFWURQLFV &RROLQJ
6\VWHPV

,UNPULLYZ T\Z[ LUZ\YL [OL` HYL RLW[ ^P[OPU
[OL YLJVTTLUKLK [LTWLYH[\YL HUK WYL�
]LU[ V]LYOLH[PUN ZJLUHYPVZ� ( ML^ VW[PVUZ
HYL H]HPSHISL [V [OL KLZPNULY PU VYKLY [V
TP[PNH[L [OL [LTWLYH[\YL YPZL PU LSLJ[YVUPJ
JVTWVULU[Z�

:VTL VM [OLZL JVVSPUN Z[YH[LNPLZ PUJS\KL!

� (PY�JVVSLK [OYV\NO WHZZP]L JVVSPUN �L�N��
OLH[ ZPUR�

� (PY�JVVSLK [OYV\NO MVYJLK JVU]LJ[PVU�
[`WPJHSS` I` TLJOHUPJHS TLHUZ Z\JO HZ
MHUZ

� 3PX\PK�JVVSLK [OYV\NO ÅV^ JPYJ\SH[PVU
VM Å\PK ^P[O H W\TW [OYV\NO H WPWPUN
Z`Z[LT

;OL ILULÄ[ VM WYLKPJ[PUN [OL WLYMVYTHUJL
VM H WYV[V[`WL PZ WHYHTV\U[ MVY [OL ]HZ[
THQVYP[` VM THU\MHJ[\YPUN JVTWHUPLZ� 5\�
TLYPJHSS` L]HS\H[PUN KLZPNU ZJLUHYPVZ HUK
HZZLZZPUN T\S[PWSL ^VYRPUN JVUKP[PVUZ \W�
Z[YLHT VM HU` WO`ZPJHS PTWSLTLU[H[PVU JHU
SLHK [V ZPNUPÄJHU[ ZH]PUNZ� 0UKLLK� [OL JVZ[
VM JOHUNPUN H KLZPNU KV^U [OL SPUL NYV^Z
I` MHJ[VYZ VM �� H[ LHJO Z[HNL VM [OL THU\�
MHJ[\YPUN WYVJLZZ�

0U [OL MVSSV^PUN JHZL� H �+ TVKLS PZ \ZLK [V
HJJ\YH[LS` L]HS\H[L WYVK\J[ WLYMVYTHUJL
HUK KLTVUZ[YH[L OV^ LUNPULLYZ ILULÄ[
MYVT [OL HK]HU[HNLZ [OH[ *-+ IYPUNZ V]LY
[YHKP[PVUHS TL[OVKZ� PUJS\KPUN ÄUHUJPHS�
SHIVY HUK [PTL ZH]PUNZ�

*-+ PZ \ZLK HZ H [PTL�LMÄJPLU[ HUK HJ�

J\YH[L TL[OVK MVY [OLYTHS WLYMVYTHUJL
[LZ[PUN HUK ]HSPKH[PVU� ;OL [LTWLYH[\YL
KPZ[YPI\[PVU HUK KPZZPWH[PVU WYLKPJ[PVU JH�
WHIPSP[PLZ [OH[ HYL VMMLYLK I` Z\JO U\TLYP�
JHS [VVSZ JHU OLSW HU[PJPWH[L ZJLUHYPVZ MVY
^OPJO V]LYOLH[PUN TH` VJJ\Y� ^OLYL JVT�
WVULU[Z L_WLYPLUJL [LTWLYH[\YLZ HIV]L
[OLPY VWLYH[PUN SPTP[� ;OLZL ZJLUHYPVZ JV\SK
YLZ\S[ PU JH[HZ[YVWOPJ MHPS\YLZ� IYPUN ZPNUPM�
PJHU[ KHTHNLZ [V [OL ^OVSL Z`Z[LT HUK�
TVYL PTWVY[HU[S �̀ JYLH[L ZHML[` OHaHYKZ�

,PSURYLQJ /(' 6SRWOLJKW
7KHUPDO 3HUIRUPDQFH
0U [OPZ ZPT\SH[PVU WYVQLJ[� H Z[HUKHYK 3,+
ZWV[SPNO[ PZ HUHS`aLK \UKLY H �> [OLYTHS
SVHK HUK ^P[O WHZZP]L JVVSPUN� ;OPZ [`WL
VM SPNO[PUN PZ L_[LUZP]LS` \ZLK PU J\YYLU[
OV\ZLOVSKZ HZ [OL` THRL H ]LY` LULYN`�
LMÄJPLU[ ZVS\[PVU� ;OL U\TLYPJHS ZPT\SH[PVU
[V IL \UKLY[HRLU HPTZ H[ LUZ\YPUN [OH[ H
JLY[HPU KLZPNU� \UKLY ZL[ VWLYH[PUN JVUKP�
[PVUZ� KVLZ YLHJO VY L_JLLK [OLYTHS SPTP[Z
H[ P[Z LSLJ[YVUPJ JVTWVULU[Z� ;OPZ PZ WHY�
[PJ\SHYS` LZZLU[PHS MVY [OL OLH[ NLULYH[PUN
LSLTLU[Z ZPUJL [OL` ]LY` VM[LU L_WLYPLUJL
TVZ[ VM [OL OLH[ SVHKZ� ;OLZL LSLTLU[Z�
UHTLS` [OL KPVKLZ� HYL KLZPNULK [V WLYMVYT
LMÄJPLU[S` HUK YLSPHIS` \UKLY ZWLJPÄJ VWLY�
H[PUN JVUKP[PVUZ PUJS\KPUN H [LTWLYH[\YL
YHUNL� 0U [OPZ L_HTWSL� [OL THU\MHJ[\YLY VM
[OL OLH[PUN KPVKLZ PUKPJH[LZ [OH[ ZHML HUK
YLSPHISL WLYMVYTHUJL PZ N\HYHU[LLK \UKLY
H SPTP[ VM ����*� ;OL [OLYTHS KPZZPWH[PVU VM
[OL 3,+ JVTWVULU[Z ^PSS IL HZZLZZLK MYVT
[OL ZPT\SH[PVU YLZ\S[Z HUK [OLPY [LTWLYH[\YL
^PSS IL JVTWHYLK HNHPUZ[ [OPZ JVTWVULU[
Z\WWSPLY VWLYH[PUN SPTP[ KH[H�
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6LPXODWLRQ 6HWXS

;OL *-+ ZPT\SH[PVU [V IL Y\U ^PSS \ZL H �+
TVKLS VM HU 3,+ ZWV[SPNO[� YLWYLZLU[PUN
[OL JVTWVULU[Z HUK WHY[Z [OH[ ^PSS OH]L
H ZPNUPÄJHU[ LMMLJ[ VU [OL HPYÅV^ HUK [OL
[LTWLYH[\YL KPZ[YPI\[PVU [OYV\NOV\[ [OL
Z`Z[LT�

;OL *(+ TVKLS PZ THKL VM KPMMLYLU[ JVT�
WVULU[Z PUJS\KPUN HU HS\TPU\T JVYL� OLH[
ZPUR� H NSHZZ JV]LY� HU LSLJ[YPJHS JVUULJ[VY�
HUK H IHZL WSH[L VU ^OPJO [OL KPVKLZ HYL
WSHJLK�

0U VYKLY [V ZH]L VU JVTW\[H[PVUHS LMMVY[
^OPSL RLLWPUN H YLSL]HU[ ZL[\W� H Z`TTL[�
YPJ ZL[\W PZ HZZ\TLK I` VUS` ZPT\SH[PUN
H X\HY[LY VM [OL TVKLS [OYV\NO P[Z JLU[YHS
H_PZ� ( YLJ[HUN\SHY ]VS\TL LUJSVZPUN [OPZ
3,+ SPNO[ TVKLS YLWYLZLU[Z [OL HPY KVTHPU�
;OL ZPT\SH[PVU [V IL WLYMVYTLK ^PSS V\[�

-PN\YL �! 4LZO VM [OL 3,+ ZWV[SPNO[
TVKLS ^P[O Z\YYV\UKPUN HPY ]VS\TL

W\[ Z[LHK`�Z[H[L YLZ\S[Z� ^OPJO TLHUZ [OH[
[PTL�KLWLUKLU[ LMMLJ[Z HYL VTP[[LK� 0[ ^PSS
WYV]PKL X\HU[P[PLZ Z\JO HZ HPYZWLLK HUK
WYLZZ\YL� HZ ^LSS HZ [LTWLYH[\YL PU IV[O
ZVSPK JVTWVULU[Z HUK HPY ]VS\TL� ;OPZ
PZ ^OH[ PZ YLMLYYLK [V HZ H JVUQ\NH[L OLH[
[YHUZMLY HUHS`ZPZ� ^OLYL IV[O JVUK\J[PVU
HUK JVU]LJ[P]L OLH[ [YHUZMLY WOLUVTLUH
HYL ZPT\SH[LK� ;OPZ PZ H ]LY` LMMLJ[P]L ^H`
VM U\TLYPJHSS` [LZ[PUN [OL WLYMVYTHUJL VM
OLH[ ZPURZ HUK V[OLY WHY[Z [OH[ HYL KL�
ZPNULK [V KPZZPWH[L OLH[ I` OH]PUN OLH[
[YHUZMLY JVLMÄJPLU[ HZ SHYNL HZ WVZZPISL�
[YHUZMLYYPUN HZ T\JO OLH[ HZ WVZZPISL [V
[OL Z\YYV\UKPUN HPY�

0U [OPZ ZPT\SH[PVU ZJLUHYPV� H WHZZP]L VY
UH[\YHS JVVSPUN Z[YH[LN` PZ HKVW[LK� ;OPZ
TLHUZ [OH[ [OL HPYÅV^ PZ ZVSLS` KYP]LU I`
I\V`HUJ` LMMLJ[Z VY [OL KLUZP[` KPMMLYLUJL
PU HPY� ;OPZ PZ H [`WL VM JVUKP[PVU [`WPJHSS`
]LY` KPMÄJ\S[ [V WYLKPJ[ ^P[O V[OLY TL[OVKZ
[OHU *-+�

(Z H WHY[ VM HU` Z[HUKHYK *-+ HUHS`ZPZ� H
TLZO PZ ULJLZZHY` MVY HU` U\TLYPJHS JVT�
W\[H[PVU [V IL WLYMVYTLK� ;OPZ VWLYH[PVU
VM JYLH[PUN [OL TLZO LZZLU[PHSS` JVUZPZ[Z
VM IYLHRPUN KV^U [OL *(+ TVKLS ]VS\TLZ

PU[V ZTHSS LSLTLU[Z H[ ^OPJO [OL X\HU[P[`
]HS\LZ Z\JO HZ ]LSVJP[` HUK [LTWLYH[\YL
^PSS IL JVTW\[LK� ;OL ZPaL VM [OL JLSS KL�
WLUKZ \WVU [OL NLVTL[YPJ ZPaL HUK [OL
WO`ZPJZ VM [OL WYVISLT� 0[ PZ ILZ[ WYHJ[PJL
[V WLYMVYT H TLZO PUKLWLUKLUJL Z[\K` [V
LUZ\YL [OL TLZO PZ ÄUL LUV\NO�

0DWHULDO $VVLJQPHQW

>P[O [OL 3,+ ZWV[SPNO[ KLZPNU THKL VM KPM�
MLYLU[ WHY[Z� TH[LYPHS KLÄUP[PVU PZ HU PTWVY�
[HU[ Z[LW VM [OL ZL[\W� 0UKLLK� [OL TH[LYPHS
WHYHTL[LYZ WSH` H THQVY YVSL PU [OLYTHS
KPZ[YPI\[PVU [OYV\NOV\[ [OL ^OVSL KLZPNU�
(TVUN [OLZL WHYHTL[LYZ PZ [OL [OLYTHS
JVUK\J[P]P[` ]HS\L VM [OL TH[LYPHS� ;OPZ PZ HU
PTWVY[HU[ MHJ[VY PU [OL KPZZPWH[PVU VM OLH[
[OYV\NO [OL ZVSPKZ� ^OPJO PZ ^O` [OL JOVPJL
VM TH[LYPHS HUK [OLPY WYVWLY[` PZ H JY\JPHS
[HZR MVY HU` KLZPNULY�

;OL OLH[ ZPUR� ^OVZL YVSL PZ [V YLTV]L OLH[
H^H` MYVT [OL OLH[PUN KPVKLZ� PZ THKL V\[
VM HS\TPU\T� ^OPJO PZ RUV^U MVY OH]PUN H
OPNO [OLYTHS JVUK\J[P]P[ �̀ ;OL 7=* IHZL�
WSH[L Z\WWVY[PUN [OL KPVKLZ OHZ HUPZV[YVWPJ
TH[LYPHS WYVWLY[PLZ� ^OPJO TLHUZ [OL JVU�
K\J[P]P[` ]HS\L PZU»[ PKLU[PJHS PU L]LY` KPYLJ�
[PVU� 0U V[OLY ^VYKZ� [OL IVHYK [YHUZMLYZ
[OL OLH[ H SV[ IL[[LY PU [YHUZ]LYZHSS` [OHU
[OYV\NO P[Z [OPJRULZZ� ;OPZ PZ H [`WPJHS ZP[\�
H[PVU ^OLYL H 7*) IVHYK PZ THKL VM THU`
SH`LYZ Z\JO HZ JVWWLY MVPS� SHTPUH[L� HUK
WYLWYLN SH`LYZ� ;OL YLZ[ VM [OL JVTWVULU[
TH[LYPHSZ HYL ZL[ ^P[O NLULYPJ TH[LYPHS ]HS�
\LZ� HZ ZOV^U ILSV �̂

%RXQGDU\ &RQGLWLRQV

;OL SHZ[ WHY[ VM [OL ZL[\W JVUZPZ[Z VM KLÄU�
PUN [OL VWLYH[PUN LU]PYVUTLU[ JVUKP[PVUZ
VM [OL ZPT\SH[PVU� ;OPZ TLHUZ KLÄUPUN [OL
KPYLJ[PVU VM [OL NYH]P[` MVY [OL I\V`HUJ`
LMMLJ[Z HUK [OL JVTWVULU[Z OLH[PUN WV^LY�

0U [OL M\SS TVKLS� [OLYL HYL � KPVKLZ� LHJO
VM [OLT WYVK\JPUN �> VM [OLYTHS WV^LY�
:PUJL [OL ZPT\SH[LK TVKLS PZ H X\HY[LY

ZPTWSPÄJH[PVU� VUS` VUL M\SS� VUL OHSM HUK
VUL�X\HY[LY KPVKLZ HYL TVKLSLK� ^P[O [OLPY
HKQ\Z[LK WV^LY ]HS\LZ� HZ ZOV^U ILSV �̂

;OL PU[LYHJ[PVU VM [OL HPY ^P[O [OL SPTP[ VM
V\Y HPY ]VS\TL PZ KLÄULK HZ H KLKPJH[LK
JVU]LJ[PVU IV\UKHY` JVUKP[PVU� [OPZ TLHUZ
[OL HPY JHU ÅV^ MYLLS` PU HUK V\[ VM [OL KV�
THPU� KLWLUKPUN VU [OL WYLZZ\YL KPMMLY�
LUJL�

;OL MHJLZ VM [OL Z`TTL[Y` WSHUL HYL HZ�
ZPNULK H Z`TTL[YPJ IV\UKHY` JVUKP[PVU� [V
PUKPJH[L [OL ZVS]LY [OH[ [OL ÅV^ WH[[LYU HUK
[LTWLYH[\YL KPZ[YPI\[PVU HYL L_WLJ[LK [V IL
TPYYVYLK HSVUN [OLZL MHJLZ�

5HVXOWV
0U VYKLY [V N\HYHU[LL H OPNO SL]LS VM HJJ\�
YHJ` VM [OL ZPT\SH[PVU YLZ\S[Z� [OL ZVS]LY PZ
ZL[ [V JVTW\[L V]LY THU` P[LYH[PVUZ� ^P[O
[OL [LTWLYH[\YL H[ [OL KPVKLZ WSV[[LK VU
H NYHWO HZ [OL Y\U NVLZ� ;OPZ PZ [V LUZ\YL
[OH[ [OL ZPT\SH[PVU Y\UZ [V^HYKZ H JVU�
]LYNLK VY Z[HISL ZVS\[PVU Z[H[L�

;OL OLH[ THW YLZ\S[Z ZOV^ [OL [LTWLY�
H[\YL KPZ[YPI\[PVU H[ [OL Z\YMHJL VM [OL
JVTWVULU[Z �ZLL -PN\YLZ � HUK ��� ;OL
OLH[�NLULYH[PUN aVULZ HYL ZOV^U ^P[O
OPNO�[LTWLYH[\YL Z\YMHJLZ HUK H [LTWLY�
H[\YL KYVW JHU IL VIZLY]LK IL[^LLU [OL
KPVKLZ HUK [OL YLZ[ VM [OL JVTWVULU[Z�
;OPZ KYVW PSS\Z[YH[LZ [OL PTWVY[HUJL [OH[ [OL
JVUK\J[PVU [HRLZ PU [OL OLH[ KPZZPWH[PVU
WOLUVTLUVU� ;OL OPNOLY [OL JVUK\J[PVU
]HS\L VM H TH[LYPHS� [OL SHYNLY [OL HTV\U[ VM
OLH[ JHU IL [YHUZMLYYLK [OYV\NO [OL JVT�
WVULU[Z� ;OL IHZL WSH[L JVUK\J[PVU ]HS\L
MVY L_HTWSL� ^OLYL [OL KPVKLZ HYL H[[HJOLK
WSH`Z H JY\JPHS YVSL PU [YHUZMLYYPUN [OL OLH[
H^H` [V [OL HS\TPU\T JVYL HUK [OL YLZ[
VM [OL JVTWVULU[� (KKP[PVUHSS �̀ [OL SLZZ
[OLYTHS YLZPZ[HUJL IL[^LLU [OL KPVKLZ HUK
[OL Z\YMHJLZ L_WVZLK ^P[O [OL JVVS HPY� [OL
JVVSLY [OL JVTWVULU[Z ^PSS IL�

;OL TH_PT\T [LTWLYH[\YL H[ [OL KPVKL PZ
JHSJ\SH[LK H[ �������*� ^OPJO PZ JVUZPK�
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LYLK H UVU�HJJLW[HISL ]HS\L HJJVYKPUN [V
[OL KPVKL Z\WWSPLY KH[H� *VUZLX\LU[S �̀ H
KLZPNU KLJPZPVU ULLKZ [V IL THKL PU VYKLY
[V PTWYV]L [OL [OLYTHS KPZZPWH[PVU VM [OL
JVTWVULU[ HUK [OLYLMVYL IYPUN [OL [LT�
WLYH[\YL VM [OL KPVKLZ ILSV^ [OL Z[H[LK
SPTP[�

(Z ZLLU PU [OL WVZ[�WYVJLZZLK PTHNL
�)LJXUH �� [OL HPYÅV^ ZWLLK PUJYLHZLZ
HSVUN ^P[O [OL V\[LY MHJLZ VM [OL 3,+ ZWV[�
SPNO[� ;OPZ PZ H KLTVUZ[YH[PVU VM [OL I\V`�
HUJ` LMMLJ[� ^OLYL [OL HPY PZ OLH[LK \W HZ
P[ ÅV^Z HSVUN OV[[LY Z\YMHJLZ� 0[Z KLUZP[`
ILJVTLZ ZTHSSLY HUK [OLYLMVYL YPZLZ K\L
[V P[ ILPUN SPNO[LY� ;OL HPY ÅV^PUN IL[^LLU
[OL ÄUZ VM [OL OLH[ ZPUR NYHK\HSS` PUJYLHZLZ
PU [LTWLYH[\YL HUK JHYYPLZ OLH[ H^H` MYVT
[OL JVTWVULU[Z�

)` VIZLY]PUN [OL ÅV^ WH[[LYU� [VNL[OLY
^P[O [OL HPYZWLLK HYV\UK [OL Z\YMHJL VM
OLH[ L_JOHUNL IL[^LLU [OL ZVSPKZ HUK [OL
HPY� H ML^ HZZ\TW[PVUZ JHU IL YHPZLK�

;OL LX\H[PVU

Q = U ·A · dT ���

JHU IL PU[YVK\JLK� ^OLYL

Q PZ [OL [OLYTHS WV^LY NLULYH[LK I`
[OL KPVKLZ PU W �

U PZ [OL OLH[ [YHUZMLY JVLMÄJPLU[ PU
W/(m2K)�

A PZ [OL Z\YMHJL HYLH L_WVZLK [V [OL
HPY PU m2� HUK

dT JHU IL [OL [LTWLYH[\YL KPMMLYLUJL
IL[^LLU [OL KPVKLZ HUK [OL
HTIPLU[ HPY PU K�

)LJH\ZL [OL [OLYTHS WV^LY NLULYH[LK I`
[OL KPVKLZ PZ Ä_LK �� >�� HUK HZZ\TPUN [OL
OLH[ [YHUZMLY JVLMÄJPLU[ < YLTHPUZ JVU�
Z[HU[� PUJYLHZPUN [OL HYLH L_WVZLK [V [OL
HPY TPNO[ SLHK [V YLK\JPUN [OL [LTWLYH[\YL
KPMMLYLUJL IL[^LLU [OL KPVKL HUK [OL HT�
IPLU[ HPY� ;OPZ PZ ^O` OLH[ ZPURZ HYL \ZLK�

;OL V[OLY Z[YVUN PTWHJ[ VU OLH[ KPZZPWH[PVU
WLYMVYTHUJL PZ [OLYTHS YLZPZ[HUJL� ;OPZ PZ
KVUL ^P[OPU ZVSPKZ� [OL IL[[LY [OL WH[O VM
OLH[ MYVT [OL KPVKLZ� [OL SLZZ [LTWLYH[\YL
H[ [OL Z\YMHJL� >P[O [OL [OLYTHS YLZPZ[HUJL
9 PU K/W � ^OPJO JHU IL KLZJYPILK HZ

R =
dT
Q

���

;OPZ TLHUZ [OH[ YLK\JPUN 9� ^P[O 8 ILPUN
JVUZ[HU[ �� >�� SLHKZ [V YLK\JPUN dT �

'HVLJQ 'HFLVLRQ

;OL KLZPNU JHU IL HS[LYLK PU THU` ^H`Z
PU VYKLY [V YLK\JL [OL [LTWLYH[\YL VM [OL
JVTWVULU[Z� ;OLZL PUJS\KL ZLSLJ[PUN TH�
[LYPHSZ ^P[O OPNOLY JVUK\J[P]P[` ]HS\LZ PU
VYKLY [V YLK\JL [OL YLZPZ[HUJL VM [OL OLH[
WH[O� -\Y[OLY VW[PVUZ PU]VS]L TVKPM`PUN [OL
ZOHWL HUK ZPaL VM [OL JVTWVULU[Z� WHY�
[PJ\SHYS` [OL OLH[ ZPUR WHY[� ^OPJO PZ THKL
VM ÄUZ ^P[O H SHYNL Z\YMHJL HYLH PU JVU[HJ[
^P[O [OL HPYÅV �̂ ,]LY` KLZPNU KLJPZPVU [V
IL THKL PZ [V IL JHYLM\SS` JVUZPKLYLK� HZ
[OL` [`WPJHSS` PTWS` Z[\K`PUN HUK [HRPUN
PU[V JVUZPKLYH[PVU THU` MHJ[VYZ Z\JO HZ
H TH[LYPHS JOHUNL VY MVY NLULYH[PUN TVYL
JVTWSL_ ZOHWLZ [OH[ JV\SK YLZ\S[ PU OPNOLY
WYVK\J[PVU JVZ[Z� (KKP[PVUHSS �̀ HZWLJ[Z
VM LYNVUVT �̀ YLSPHIPSP[ �̀ Z\Z[HPUHIPSP[ �̀ HUK
ZHML[` ZOV\SK HSZV IL HJJV\U[LK MVY�

>P[O [OL ZL[ VM YLZ\S[ ]HS\LZ VI[HPULK MYVT
[OL PUP[PHS KLZPNU Y\U� PTWYV]LTLU[Z [V [OL
*(+ TVKLS JHU IL PTWSLTLU[LK HUK [OLU
[LZ[LK U\TLYPJHSS �̀ ;OL ÄYZ[ JOHUNL OHZ
[OL NVHS VM PUJYLHZPUN [OL HTV\U[ VM HPY [OH[
JHU JPYJ\SH[L IL[^LLU [OL ÄUZ VM [OL OLH[
ZPUR� )` PUJYLHZPUN [OL ZWHJPUN IL[^LLU
[OL ÄUZ� TVYL HPY JHU ÅV^ [OYV\NO HUK
[OLYLMVYL TVYL OLH[ JV\SK WV[LU[PHSS` IL L_�
[YHJ[LK� ;OL ÄYZ[ WYVWVZLK KLZPNU JOHUNL
PUJS\KLZ HU PUJYLHZL PU [OL ZWHJPUN VM [OL
ÄUZ I` H MHJ[VY VM ��

;OL ZLJVUK WYVWVZLK KLZPNU PUJS\KLZ [OL
JOHUNLZ VM [OL ÄYZ[ VUL� ^P[O [OL HKKP[PVU
VM PUJYLHZLK [OPJRULZZ VM [OL ÄUZ I` H MHJ�
[VY VM �� PU VYKLY [V PU]LZ[PNH[L [OL LMMLJ[Z VM
H SHYNLY JYVZZ�ZLJ[PVU� YLK\JPUN [OL [OLYTHS
YLZPZ[HUJL VU [OL OLH[ ZPUR ÄUZ�

&RPSDUDWLYH 5HVXOWV

(M[LY ZPT\SH[PUN [OLZL [^V WYVWVZLK KL�
ZPNUZ� \ZPUN [OL ZHTL IV\UKHY` JVUKP[PVUZ
PUJS\KPUN [OL OLH[ SVHKZ HUK TH[LYPHSZ� H
JVTWHYPZVU VM YLZ\S[Z JHU [OLU IL WLY�
MVYTLK� )V[O X\HU[P[H[P]L ]HS\LZ Z\JO HZ
[OL [LTWLYH[\YL H[ [OL KPVKLZ� HUK [OL
X\HSP[H[P]L WSV[Z Z\JO HZ [OL [LTWLYH[\YL
KPZ[YPI\[PVU HUK ]LSVJP[` WH[[LYU HYL L]HS\�
H[LK�

( ML^ VIZLY]H[PVUZ JHU IL THKL" [OL V]LY�
HSS [LTWLYH[\YL VM [OL ZWV[SPNO[ PZ ZPNUPÄ�
JHU[S` SV^LY PU [OL PTWYV]LK KLZPNU� ^P[O
H YLK\J[PVU VM ����* PU [OL OLH[ ZPUR� MVY
L_HTWSL� ;OPZ ZOV^Z [OH[ [OLYL PZ SLZZ YL�
ZPZ[HUJL ^P[O [OL ÄYZ[ WYVWVZLK KLZPNU�

;OL ]LSVJP[` WSV[ [OYV\NO [OL JLU[LY H_PZ VM
[OL OLH[ ZPUR OPNOSPNO[Z [OH[ MHZ[LY HPYÅV^
VJJ\YZ IL[^LLU [OL ÄUZ� HZ H JVUÄYTH[PVU
VM [OL WYL]PV\ZS` THKL HZZ\TW[PVU� -HZ[
HPY� VM HIV\[ ��� T�Z� ÅV^Z KLLWLY [V [OL
JLU[LY VM [OL OLH[ ZPUR HUK YLTV]LZ TVYL
OLH[ H^H` MYVT [OL Z\YMHJLZ [OHU PU [OL
VYPNPUHS KLZPNU� ^OLYL VUS` H ZTHSS WVY[PVU
VM [OL ÄU MHJLZ PZ Z^LW[ I` ZPNUPÄJHU[ HPY�
ZWLLK�

>P[O SHYNLY ÄUZ� [OL ZLJVUK WYVWVZLK KL�
ZPNU ZOV^Z ZPNUPÄJHU[ PTWYV]LTLU[Z PU
OLH[ KPZZPWH[PVU OH]PUN SHYNLY JYVZZ�ZLJ[PVU
HYLHZ [V JVUK\J[ OLH[ [V [OL MHJL PU JVU�
[HJ[ ^P[O [OL HPY� ;OL H]LYHNL [LTWLYH[\YL
YLK\J[PVU PZ JSLHYS` ]PZPISL� KYVWWPUN MYVT
�����* [V �����*�

0U [LYTZ VM X\HU[P[H[P]L YLZ\S[Z� KPVKL [LT�



-PN\YL �! :PKL I` ZPKL JVTWHYPZVU IL[^LLU [OL VYPNPUHS KLZPNU HUK [OL ÄYZ[ WYVWVZLK
KLZPNU ]LSVJP[` [OYV\NO [OL OLH[ ZPUR
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WLYH[\YLZ HYL ZPNUPÄJHU[S` YLK\JLK ILSV^
[OL TH_PT\T HJJLW[HISL SPTP[ VM ����*�

;OL NHPU� HJOPL]LK I` H SLZZLY [OLYTHS
YLZPZ[HUJL MYVT [OL HS\TPU\T JVYL [V [OL
OLH[ ZPUR ÄUZ� JV\WSLK ^P[O TVYL HPYÅV^
JHWHJP[ �̀ SLHKZ [V H IL[[LY OLH[ KPZZPWH[PVU
WLYMVYTHUJL VM [OL 3,+ ZWV[SPNO[� ;OL
UL^S` YLJVYKLK [LTWLYH[\YLZ H[ [OL KPVKLZ
THRL [OL PTWYV]LK KLZPNU JVTWSPHU[ [V [OL
KPVKL Z\WWSPLY VWLYH[PUN [LTWLYH[\YL�

&RQFOXVLRQ
;OPZ *-+ WYVQLJ[ OHK [OL W\YWVZL VM L]HS�
\H[PUN [OL [OLYTHS KPZZPWH[PVU WLYMVYTHUJL
VM KPVKLZ [OH[ OLH[ \W ^P[OPU H 3,+ ZWV[�
SPNO[� ZV [OH[ [OL [LTWLYH[\YL VM [OL KPVKL
PZ THPU[HPULK \UKLY [OL Z\WWSPLY VWLYH[PUN
[LTWLYH[\YL�

;OL JVTW\[H[PVUHS Å\PK K`UHTPJZ ZVS]LY
\ZLK U\TLYPJHS TVKLSPUN VM OLH[ [YHUZ�

MLY� IV[O JVUK\J[P]L HUK JVU]LJ[P]L� ;OL
TLHUZ VM JVVSPUN ^HZ ZL[ [V IL WHZZP]L�
P�L�� [OL HPYÅV^ ^HZU»[ TV]LK I` TLJOHUP�
JHS TL[OVKZ�

;OL YLZ\S[Z VM [OL ZPT\SH[PVU OPNOSPNO[ [OL
PTWVY[HUJL VM IV[O JVUK\J[P]P[` TH[LYPHS
WYVWLY[` HUK NLVTL[YPJHS ZOHWL MVY OLH[
KPZZPWH[PVU� HZ P[ OHWWLUZ [OL ZWHJPUN IL�
[^LLU [OL OLH[ ZPUR ÄUZ� ;OL KPVKLZ [LT�
WLYH[\YL ^HZ TLHZ\YLK� MVY [OL KLZPNU
ZPT\SH[LK� H[ ������ �*� ;OPZ KPK UV[ TLL[
[OL [HYNL[ YLX\PYLTLU[ ]HS\LZ MVY N\HYHU�
[LLK SPMLZWHU HUK YLSPHIPSP[ �̀ /LUJL� H UL^
KLZPNU ^HZ WYVWVZLK�

;OL ]HS\HISL PUZPNO[Z ZOV^U PU [OL YLZ\S[Z
SLHK [V [OL WYVWVZHS VM [^V KLZPNUZ� [OL
ÄYZ[ VUL ^P[O [OL ZWHJPUN IL[^LLU ÄUZ
PUJYLHZLK I` H MHJ[VY VM �� [OL ZLJVUK VUL�
HKKPUN H KV\ISLK [OPJRULZZ VM [OL ÄUZ [V
[OL ÄYZ[ WYVWVZLK KLZPNU�

;OL YLZ\S[ JVTWHYPZVU IL[^LLU [OL ZLJVUK

WYVWVZLK KLZPNU HUK [OL VYPNPUHS KLZPNU
ZOV^LK H Z\WLYPVY OLH[ KPZZPWH[PVU WLY�
MVYTHUJL� HUK H YLK\J[PVU VM ����* H[ [OL
KPVKL [LTWLYH[\YL�

>P[O ]HS\HISL PUW\[ MVY IV[O [OL TLJOHU�
PJHS LUNPULLY HUK [OL LSLJ[YVUPJ LUNPULLY�
*-+ ZPT\SH[PVU JVTLZ HZ H \ZLM\S [VVS PU
VYKLY [V [LZ[ KPMMLYLU[ KLZPNUZ HUK L]HS\�
H[L PM [OL` TLL[ ZWLJPÄJ WLYMVYTHUJL YL�
X\PYLTLU[Z� ;OPZ WYVJLZZ IYPUNZ ]HS\HISL
PUZPNO[Z [OYV\NOV\[ [OL LU[PYL LUNPULLYPUN
KLZPNU J`JSL� MYVT JVUJLW[ KLZPNU� WYLSPT�
PUHY` Z[\KPLZ� ÄUHS KLZPNU ]HSPKH[PVU� HUK
]LYPÄJH[PVU� "

$%287 7+( $87+25

$UQDXG *,5,1! >P[O H TLJOHUPJHS KLZPNU
IHJRNYV\UK� (YUH\K .PYPU OHZ ^VYRLK MVY �
`LHYZ VU KLZPNU WLYMVYTHUJL VW[PTPaH[PVU
^P[O *-+ HUK -,( [VVSZ� /L PZ J\YYLU[S`
WHY[ VM [OL :PT:JHSL [LHT HUK PZ PU]VS]LK
PU ZPT\SH[PVU WYVQLJ[Z MVY T\S[PWSL PUK\Z[YPLZ�

$ERXW 6LP6FDOH� -V\UKLK PU ���� ^P[O
VMÄJLZ PU 4\UPJO� 5L^ @VYR� HUK )VZ[VU�
:PT:JHSL PZ [OL ^VYSK»Z ÄYZ[ WYVK\J[PVU�
YLHK` :HH: HWWSPJH[PVU MVY ZPT\SH[PVU� )`
WYV]PKPUN PUZ[HU[ HJJLZZ [V JVTW\[H[PVUHS
Å\PK K`UHTPJZ �*-+� HUK ÄUP[L LSLTLU[
HUHS`ZPZ �-,(� [V V]LY ������� \ZLYZ� :PT�
:JHSL OHZ TV]LK OPNO�ÄKLSP[` WO`ZPJZ ZPT�
\SH[PVU [LJOUVSVN` MYVT H JVTWSL_ HUK
JVZ[�WYVOPIP[P]L KLZR[VW HWWSPJH[PVU [V H
\ZLY�MYPLUKS` JSV\K HWWSPJH[PVU HJJLZZPISL
]PH H Z\IZJYPW[PVU�IHZLK WYPJPUN TVKLS� -VY
TVYL PUMVYTH[PVU� ]PZP[ ^^ �̂ZPTZJHSL�JVT�



*VZ[ )LULÄ[ VM -\[\YL 7YVVM
:VS\[PVUZ
-\[\YL WYVVMULZZ OHZ HS^H`Z ILLU H [VWPJ PU I\PSKPUN JVUZ[Y\J[PVU
HUK I\PSKPUN THUHNLTLU[� +\L [V [OL MHJ[ [OH[ [OL SPNO[PUN
I\ZPULZZ OHZ HS^H`Z JOHUNLK YLSH[P]LS` ZSV^S �̀ P[ OHZ UL]LY ILLU H
IPN PZZ\L� )\[ Z`Z[LTZ TLS[ [VNL[OLY HUK THU` KPMMLYLU[
HWWYVHJOLZ OH]L L]VS]LK V]LY [OL JV\YZL VM Q\Z[ H ML^ `LHYZ�
IYPUNPUN \UJLY[HPU[` [V Z[HRLOVSKLYZ� +Y� >HS[LY >LYULY� V^ULY HUK
*,6 VM >LYULY 4HUHNLTLU[ :LY]PJLZ [HRLZ HU PU� KLW[O SVVR PU[V
[OPZ [VWPJ HUK KPZJ\ZZLZ ^OH[ M\[\YL WYVVM YLHSS` TLHUZ HUK [OL
JVZ[Z HUK ]HS\L VM M\[\YL WYVVM HWWYVHJOLZ HUK I\ZPULZZLZ�
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:
+(1 WKH WRSLF RI IXWXUH SURRI�
QHVV LV GLVFXVVHG� WKHUH DUH
PDQ\ GLIIHUHQW YLHZV DV WR

ZKDW LW DFWXDOO\ PHDQV� +RZHYHU� ZKHQ
GLJJLQJ GHHSHU� WKH\ DOO HQG XS DVNLQJ
WKH VDPH TXHVWLRQV� ,V LW ZRUWK EHLQJ
IXWXUH SURRI" :KDW DUH WKH FRVWV" 'RHV
LW SD\ IRU LWVHOI" 7KHUHIRUH� GHVLJQLQJ
IRU IXWXUH SURRIQHVV LV DOZD\V D MXJJOLQJ
DFW� PDNLQJ LW QHFHVVDU\ IRU WKH GHVLJQHU
WR XQGHUVWDQG ZKDW IXWXUH SURRI PHDQV
IRU GHYLFHV� VROXWLRQV DQG VHUYLFHV� KRZ
WR GHULYH WKH FXUUHQW UHTXLUHPHQWV DQG
KRZ WR HVWLPDWH IXWXUH UHTXLUHPHQWV�
2QFH WKHVH TXHVWLRQV KDYH EHHQ DQ�
VZHUHG� WKH QH[W VWHS FDQ EH WDNHQ DQG
WKH EHQHðWV DQG FRVW EDODQFLQJ WRSLFV
FDQ EH LQYHVWLJDWHG� $W WKH HQG RI WKLV
SURFHVV� D FRPSDQ\ VKRXOG DOVR EH DEOH
WR DQVZHU WKH LPSRUWDQW TXHVWLRQ RI KRZ
WR SURRI DQG PDUNHW WKHVH EHQHðWV DQG
KRZ WR PRQHWL]H WKHLU HIIRUW� ,Q WKH IRO�
ORZLQJ DUWLFOH� DOO RI WKHVH VWHSV ZLOO EH
WKRURXJKO\ GLVFXVVHG DQG FRQFOXVLRQV
ZLOO EH GUDZQ�

:KDW )XWXUH 3URRI
0HDQV
;OL X\LZ[PVU VM ^OH[ M\[\YL WYVVM TLHUZ
PZ X\P[L ZPTWSL I\[ [OL HUZ^LY PZ ULP[OLY
ZPTWSL UVY ZOVY[� 0U YL[YVZWLJ[� P[ PZ LHZ`
[V ZLL ^OH[ [\YULK V\[ [V IL M\[\YL WYVVM
HUK ^OH[ KPKU»[� I\[ ^OLU SVVRPUN PU[V
[OL M\[\YL� [OL MLH[\YLZ [OH[ ^PSS IL M\[\YL
WYVVM HYL YH[OLY HTIPN\V\Z HUK LHZ` [V
JOHSSLUNL ¶ LZWLJPHSS` PM [OL` JVZ[ H SV[ VM
TVUL �̀

/V^L]LY� YLHSPaLK Z\Z[HPULK MLH[\YLZ HUK
M\UJ[PVUHSP[PLZ WYV]PKL TPK HUK SVUN�[LYT
ZV\UK ILULÄ[Z [OYV\NOV\[ [OL ]HS\L JOHPU!
7SLHZLK J\Z[VTLYZ� SV^LY JVZ[ VM KLZPNU
THPU[LUHUJL� [YHPUPUN� OPNOLY IYHUK H^HYL�
ULZZ� SV^LY [V[HS PU]LZ[TLU[ L[J� MVY [OL
ZHTL YLZ\S[� ;OLYLMVYL� P[ PZ ^VY[O OH]PUN
H KL[HPSLK SVVR PU[V KLÄUPUN M\[\YL WYVVM
YLX\PYLTLU[Z HUK MLH[\YLZ MVY KL]PJLZ� ZV�
S\[PVUZ HUK ZLY]PJLZ�

)XWXUH 3URRI 'HYLFHV�
6ROXWLRQV DQG 6HUYLFHV

)RU 'HYLFHV

-\[\YL WYVVM KL]PJLZ TLHU [OH[ [OL` ^PSS
JVU[PU\L [V WLYMVYT [OLPY [HZRZ PU H YLH�
ZVUHISL MHZOPVU PU H M\[\YL LU]PYVUTLU[�
;OPZ PUJS\KLZ KLZPNU HUK TH[LYPHS JOVPJLZ
PU VYKLY [V H]VPK YHWPK KLJH` HUK LHYS` VI�
ZVSLZJLUJL� )\[ P[ HSZV JVUZPKLYZ ZVTL
M\[\YL ULLKZ� LZWLJPHSS` ^OLU PU[LNYH[LK
PU[V JVTT\UPJH[PVU UL[^VYRZ �L�N� ZJHYJL
WYVJLZZPUN WV^LY VY TLTVY` HUK TPZZPUN
V\[ YLHZVUHISL ZVM[^HYL \WKH[LZ TH` Z[VW
[OL \ZHNL VM UL[�^VYRLK KL]PJLZ LHYS �̀
K\L [V TPZZPUN HIPSP[` [V TH[JO \WJVTPUN
UL[^VYR ZLJ\YP[` YLX\PYLTLU[Z��

)RU 6ROXWLRQV

-\[\YL WYVVÄUN ZVS\[PVUZ TLHUZ [OH[ YL�
WSHJLTLU[Z VM IYVRLU KL]PJLZ YLTHPU WVZ�
ZPISL ^P[OV\[ [OL ULLK MVY PUK\JLK YLWSHJL�
TLU[ VM V[OLY UL[^VYR WHY[PJPWHU[Z� 0[ HS�

SV^Z MVY [OL YLHZVUHISL PU[LNYH[PVU PU M\[\YL
OPNOLY VYKLY UL[^VYRZ� HUK MVY ZVTL ÅL_P�
IPSP[` PU HKHW[PVUZ [V M\[\YL WHYHTL[YPaH[PVU
ULLKZ�

)RU 6HUYLFHV

0U VYKLY [V IL JVUZPKLYLK M\[\YL WYVVM�
ZLY]PJLZ ULLK [V IL KLZPNULK ZJHSHISL
[V HKVW[ [V YLHZVUHISL Z\JJLZZ� HUK HYL
JYLH[LK PU H TVK\SHY ^H` [OH[ HSSV^Z MVY
\WNYHKPUN HUK HKHW[PUN WHY[Z VM [OL ZLY�
]PJL� L�N� [V M\[\YL H\[VTH[PVU WVZZPIPSP[PLZ
VY JOHUNPUN PU[LNYH[PVU Z[YH[LN` ^P[OV\[ [OL
ULLK MVY H JVTWSL[L YLKLZPNU �HUK KL]HS\�
H[PVU VM L_PZ[PUN YLZ\S[Z�� ;OPZ PZ LZWLJPHSS`
[Y\L MVY ZLY]PJLZ [OH[ HYL �WHY[S`� IHZLK VU
KH[H IHZL L]HS\H[PVU VY JSV\K JVTW\[PUN�

+RZ WR 'HULYH WKH
5HTXLUHPHQWV IRU %HLQJ
)XWXUH 3URRI

)RUZDUG &RPSDWLELOLW\

:VTL HZWLJ[Z VM ILPUN M\[\YL WYVVM TH` IL
Z\TTHYPaLK \UKLY ¹MVY^HYK JVTWH[PIPSP[`¹�
;OL [LYT ZH`Z� [OH[ KL]PJLZ ^PSS IL JVTWH[�
PISL [V M\[\YL �PU[LYMHJL� [LJOUVSVN �̀ ([ ÄYZ[
NSHUJL P[ ZLLTZ [V IL PTWVZZPISL [V JYLH[L
MVY^HYK JVTWH[PIPSP[` ^P[OV\[ RUV^PUN [OL
\WJVTPUN [LJOUVSVN` KL[HPSZ�

,ZWLJPHSS` ^OLU L_WLJ[LK M\[\YL Z[HUKHYK�
PaH[PVU PZ PU]VS]LK� [OL YLX\LZ[ [V IL JVT�
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WH[PISL ^P[O [OL L_WLJ[LK M\[\YL Z[HUKHYK
OHZ [OL WV^LY [V Z[VW [OL PUUV]H[PVU WYV�
JLZZ JVTWSL[LS �̀ VWLUPUN [OL ÄLSK MVY ]LU�
KVYZ [OH[ PNUVYL [OPZ ULLK \U[PS [OL Z[HUKHYK
PZ LZ[HISPZOLK �LZ[HISPZOPUN UL^ Z[HUKHYKZ
TH` [HRL MYVT H ML^ TVU[OZ �L�N� [OL ÄYZ[
¹QWLN¹ Z[HUKHYK MVY JVTWYLZZLK KPNP[HS PT�
HNLZ� \W [V � VY TVYL `LHYZ �L�N� +(30� �
^P[OV\[ HU` WVZZPIPSP[PLZ [V LZ[PTH[L OV^
SVUN P[ ^PSS ÄUHSS` [HRL� ;V H]VPK H ¹JVTWSL[L
PUUV]H[PVU SVJRKV^U¹ MVY HU \URUV^U WL�
YPVK VM [PTL P[ PZ THUKH[VY` [V \UKLYZ[HUK
^OH[ JHU IL KVUL YPNO[ UV^ [V HSSV^ MVY
ILPUN JVTWH[PISL [V [OL M\[\YL Z[HUKHYK�

;OL VUS` ^H` [V HKHW[ [V \URUV^U M\[\YL
MLH[\YLZ PZ [V LTILK Z\MÄJPLU[ ÅL_PIPSP[` PU
[LYTZ VM \WKH[L VU ZP[L� WYVJLZZPUN WV^LY�
Z\MÄJPLU[ TLTVY` HUK WYVNYHTTHISL�
TVK\SHYPaLK PU[LYMHJL ILOH]PVY� <WKH[L
VU ZP[L� Z\MÄJPLU[ WYVJLZZPUN WV^LY HUK
TLTVY` PZ HSZV THUKH[VY` [V IL HISL [V
HKHW[ [V M\[\YL JVTT\UPJH[PVU ZLJ\YP[`
ULLKZ�

0M [OL ¹]LYZPVU ILMVYL [OL Z[HUKHYK TH�
[LYPHSPaLZ¹ OHZ Z\MÄJPLU[ Z\JJLZZ� H K\HS
JVTWH[PIPSP[` TH` IL H ULLK MVY H [YHUZP[PVU
WLYPVK� (NHPU� [OL YLX\PYLTLU[ PZ [V JHYL MVY
Z\MÄJPLU[ H]HPSHISL WYVJLZZPUN WV^LY HUK
TLTVY` [V THRL Z\YL [OPZ JHU IL JV]LYLK�

2EVROHVFHQFH

,UNPULLYPUN MVY KLZPNU ^P[O SP[[SL VIZVSLZ�
JLUJL PZ IHZPJHSS` H]HPSHISL� 1\Z[ THRL
Z\YL [V SVVR MVY Z\MÄJPLU[ SPML [PTL HZ H YL�
X\PYLTLU[� -VY SPNO[PUN LX\PWTLU[ PU TVZ[
HWWSPJH[PVUZ [OPZ ZOV\SK IL �� `LHYZ ILMVYL
H UV[PJLHISL YPZL VM HNLPUN MHPSZ� )LZPKLZ
[OL VIZVSLZJLUJL VM KL]PJLZ PU [OL ÄLSK�
[OL VIZVSLZJLUJL VM [OL KLZPNU ZOV\SK IL
H THQVY JVUJLYU! 5LJLZZHY` JOHUNLZ PU
ZPUNSL JVTWVULU[ �TVYL WV^LYM\S WYVJLZ�

ZVY� MHZ[LY ZLYPHS ÅHZO� JHWHJP[VYZ [OH[ HYL
IL[[LY [YHUZPLU[ WYVVM L[J�� ZOV\SK UV[ SLHK
[V JVTWSL[L YLKLZPNU HUK YL�HWWYV]HS VM
[OL JVTWSL[L KLZPNU� ;OL ZHTL HWWSPLZ
MVY [OL ZVM[^HYL! :\MÄJPLU[ TVK\SHYP[` ^P[O
Z[YPJ[ PU[LYUHS PU[LYMHJLZ HSSV^ MVY JVU[PU\LK
YL�\ZL VM HSYLHK` L_PZ[PUN M\UJ[PVUHS ISVJRZ�
6M JV\YZL� ZVTL YPZR VM �PUKPYLJ[� JYVZZ� PU�
Å\LUJL PZ HS^H`Z [V IL JVUZPKLYLK� I\[ [OPZ
YPZR ZOV\SK UV[ IL KYP]LU ¹I` KLZPNU¹�

'HULYLQJ ([SHFWDEOH
)XWXUH 5HTXLUHPHQWV ò
)RFXV RQ 5DSLG
7HFKQRORJ\ &KDQJHV

9HWPK JOHUNLZ PU H]HPSHISL [LJOUVSVN` HYL
H MHJ[� UV[ H [OYLH[� 0U [OL SVUN Y\U� [OL`
ZLLT [V IL YLSH[P]LS` LHZ` [V WYLKPJ[! ;OL
VUNVPUN YPZL PU H]HPSHISL ZLTPJVUK\J[VY
PU[LNYH[PVU KLUZP[` SLHKZ [V H THZZP]L PU�
JYLHZL VM WYVJLZZPUN WV^LY HUK TLTVY`
ZPaL H]HPSHISL H[ YLHZVUHISL JVZ[� YLHZVU�
HISL JOPW ZPaL HZ ^LSS HZ YLHZVUHISL WV^LY
PU[HRL HUK OLH[ KPZZPWH[PVU�

;OPZ ZPUNSL YLHZVU KYP]LZ T\S[PWSL WH[OZ VM
[LJOUVSVN` JOHUNL� 6UL VM [OLT PZ [OL VU�
NVPUN YLWSHJLTLU[ VM �HUHSVN HUK KPNP[HS�
OHYK^HYL MLH[\YLZ ^P[O �ZVM[^HYL�� WYV�
JLZZLK MLH[\YLZ� HSSV^PUN MVY TVYL ÅL_PIPS�
P[ �̀ LZWLJPHSS` PU ZPNUHS OHUKSPUN� PU[LYWYL[H�
[PVU HUK JVTWYLZZPVU� HUK HSZV PU TVYL
KL[HPSLK WV^LY OHUKSPUN� :H`PUN [OPZ� P[
ILJVTLZ JSLHY [OH[ [OL JOHUJLZ [V M\SÄS
]HYPV\Z J\Z[VTLY ULLKZ YPZL KYHTH[PJHSS �̀
(UK [OPZ SLHKZ [V H YLHZVUHISL WYLKPJ[HIPS�
P[` VM M\[\YL YLX\PYLTLU[Z� (STVZ[ HSS M\[\YL
YLX\PYLTLU[Z HYL THKL VM ¹PU]PZPISL \ZLY
YLX\PYLTLU[Z¹ [OH[ L_PZ[ [VKH �̀ I\[ JHUUV[
IL KLYP]LK PU [OL Z[HUKHYK YLX\PYLTLU[Z
WYVJLZZ�

¸)YHPU ÄS[LYZ¹ [OH[ HYL HWWSPLK \U^P[[PUNS`
HYL [OL THPU YLHZVU MVY [OPZ� ^OLU HZRPUN
¹\ZLYZ¹ [OYV\NOV\[ [OL ]HS\L JOHPU! ;OL
Z[HUKHYK YLX\PYLTLU[ YLZLHYJO HS^H`Z WYV�
]PKLZ HUZ^LYZ [OH[ HYL IHZLK VU WLYJLP]LK
H]HPSHIPSP[` VM [LJOUVSVN` �H[ YLHZVUHISL
JVZ[�� ;OPZ PZ HSZV [Y\L ^OLU [Y`PUN [V YL�
ZLHYJO ¹^P[OV\[ ÄS[LYZ HWWSPLK¹� HZ [OL PU�
[LY]PL^LK WLYZVU ^PSS ZPTWS` UV[ JH[JO [OL
[OV\NO[ HUK PKLH ILOPUK [OL X\LZ[PVU HUK
[OLYLMVYL JHUUV[ WYV]PKL ^OH[ ^L ULLK�
;OLZL ¸IYHPU ÄS[LYZ¹ WVZZPIS` OH]L H ]LY`
Z[YVUN LMMLJ[! ;OL` L�N� Z[VWWLK 5VRPH
MYVT LUOHUJPUN [OLPY ¹JVTT\UPJH[VY¹ [V
H YLHS ZTHY[WOVUL HZ ^L RUV^ P[ [VKH �̀
HS[OV\NO [OL` OHK HSYLHK` HSS [OL TLHUZ
PU [OLPY WVJRL[ [V HJOPL]L [OPZ ^LSS ILMVYL
:[L]L 1VIZ H[ (WWSL ÄUHSS` KPK P[�

4HU` WLVWSL ZH` :[L]L 1VIZ ^HZ H THY�
RL[PUN NLUP\Z� HUK ^P[OV\[ KPZJ\ZZPUN [OPZ
0 ^V\SK SPRL [V HKK! /L ^HZ H NLUP\Z KL�
YP]PUN M\[\YL YLX\PYLTLU[Z� [OH[ YLTHPULK
VWHX\L HUK OPKKLU ILOPUK [OL Z[YVUN ÄS�
[LYZ VM V\Y IYHPU� (UK OL ^HZ H IY\[HS [HUR
[OH[ JSLHULK HSS [OL YLZPZ[HUJL OPZ VYNHUPaH�
[PVU JHTL \W ^P[O [Y`PUN [V [PL OPT KV^U [V
¹HJ[\HS L_PZ[PUN YLX\PYLTLU[Z¹�

6R� +RZ WR 3URFHHG" 'R :H
1HHG $QRWKHU 6WHYH -REV"

0[ ^PSS IL KPMÄJ\S[ [V ÄUK H WLYZVU SPRL OPT
(5+ [V HSSV^ OPT [V WYVJLLK PU `V\Y VYNH�
UPaH[PVU� ;OL IL[[LY ^H` PZ [V HZR KPMMLYLU[
X\LZ[PVUZ [V KPMMLYLU[ WLYZVUZ� 0UZ[LHK VM
¹^OH[ ZOV\SK P[ KV¹ `V\ TH` HZR ¹^OH[
ZOV\SK OHWWLU PU HU PKLHS ^VYSK¹� HUK PU�
Z[LHK VM HZRPUN [OL W\YJOHZL KLWHY[TLU[
ZWLJPHSPZ[Z VM `V\Y J\Z[VTLYZ VYNHUPaH�
[PVUZ KV^U [OL ]HS\L JOHPU� IL[[LY [HYNL[
[OL THU\MHJ[\YPUN� PUZ[HSSH[PVU HUK ÄUHS \ZL
WLYZVUZ�

6U [VW VM [OH[! [Y` [V \UKLYZ[HUK `V\YZLSM�
[OL YVSLZ HUK [HZRZ VM [OL ]HYPV\Z Z[LWZ VM
[OL ]HS\L JOHPU� HUK [Y` [V LZ[PTH[L OV^ [OL
WYVJLZZ JV\SK Y\U ZTVV[OLY� JYLH[L TVYL
]HS\L HUK SLZZ OHZZSL" PU V[OLY ^VYKZ� OV^
[OL ]HS\L JOHPU TH` SVVR PU HU PKLHS ^VYSK�
6UJL `V\ OH]L [OH[� [OL X\LZ[PVU VM ¸^OH[
ZOV\SK ^L OH]L PU HU PKLHS ^VYSK&¹ JHU
IL HZRLK VM [OL ]HS\L JOHPU� KPMMLYLU[S` ¶
JSLHYPUN H^H` [OL ÄYZ[ SH`LY VM IYHPU ÄS[LYZ�
;OLYL HYL V[OLY [LJOUPX\LZ! ZVTL VM [OLT
JYLH[L H RPUK VM O`WL �¹IYHPUZ[VYT¹� ¹SLHW
MYVN¹ HUK HSPRL�� I\[ HSS VM [OLT ^PSS ULLK
WLYZVUHS \UKLYZ[HUKPUN HUK PU]VS]LTLU[ VM
[OL ZP[\H[PVU [OYV\NOV\[ [OL ]HS\L JOHPU [V
HSSV^ MVY YLHZVUHISL YLZ\S[Z�

/V^L]LY� [OPZ PZ Q\Z[ VUL ZPKL VM [OL [HZR�
[OL V[OLY ZPKL PZ [V NL[ `V\Y VYNHUPaH[PVU
ILOPUK [OLZL ÄUKPUNZ� 4VZ[ VYNHUPaH[PVUZ
ZO` H^H` MYVT PUUV]H[PVU [OH[ NVLZ IL`VUK
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[OL VI]PV\Z� \[PSPaPUN THU` HYN\TLU[Z�
SLHKPUN MYVT YPZR [V JVZ[ HUK \UHJJLW[�
HISL JVTWSL_P[ �̀ HUK ZVTL[PTLZ L]LU [V
WLYZVUHS KPZJYLKP[PUN� :V IL[[LY IL WYL�
WHYLK HUK NL[ Z\WWVY[ MYVT �]LY`� OPNO SL]�
LSZ ÄYZ[� [V ZLY]PJL [OL L_WLJ[HISL [Z\UHTP
HM[LY^HYKZ� (UK� HNHPU� IL WYLWHYLK [V
HJX\PYL ZVTL RUV^SLKNL VM [OL HJ[\HS WYV�
JLZZ HUK [HZRZ [OYV\NOV\[ [OL ]HS\L JOHPU�

%HQHðWV *HQHUDWHG
7KURXJKRXW WKH 9DOXH
&KDLQ
( UL^ WYVK\J[ [OH[ PZ KLZPNULK [V IL M\[\YL
WYVVM ^PSS 56; NLULYH[L HU` KPYLJ[ ]HS\L
[OYV\NOV\[ [OL ]HS\L JOHPU� [VKH �̀ )\[ P[
^PSS HKK ]HS\L [V [OPZ JOHPU PU [OL M\[\YL�
;OLYLMVYL� P[ PZ HU PU]LZ[TLU[� [OH[ WH`Z
IHJR PU [OL M\[\YL�

(JJVYKPUNS �̀ [OL [^V IHZPJ X\LZ[PVUZ HYL!

� /V^ KVLZ P[ WH` IHJR&
� >OLU KVLZ P[ WH` IHJR&

7KH VXJJHVWHG DQVZHU LV�
0[ WH`Z IHJR V]LY [PTL I` YLK\JPUN [OL JVZ[
HUK LMMVY[ MVY [OL PU[YVK\J[PVU� OHUKSPUN
HUK [YHUZP[PVU VM [OL YLWSHJLTLU[Z� [OH[ H
SLZZ M\[\YL WYVVM KLZPNU ^PSS ULLK [V Z[H`
Z\JJLZZM\S PU [OL THYRL[� ;OPZ TH` IL JVU�
ZPKLYLK H WYL[[` ]HN\L Z[H[LTLU[� I\[ [OL
ÄN\YLZ HYL H]HPSHISL� HUK [OL` HYL Z\IZ[HU�
[PHS� HUK JHU IL JHSJ\SH[LK I` SVVRPUN PU[V
WHZ[ WYVK\J[ YLWSHJLTLU[Z [OH[ OH]L ILLU
THKL PU [OL ZHTL ]HS\L JOHPU�

%DODQFLQJ &RVW

*VZ[ PZ HS^H`Z H ZPTWSL HUK Z[YHPNO[ MVY�
^HYK HYN\TLU[� (UK P[ PZ ULJLZZHY` [V RLLW
JVZ[ \UKLY JVU[YVS [V Z\Z[HPU [OL I\ZPULZZ!
UV KL]PH[PVUZ HSSV^LK�

>OLU SVVRPUN PU[V HJOPL]PUN H M\[\YL WYVVM
ZVS\[PVU� M\[\YL PUK\JLK JVZ[Z HSZV ULLK
[V IL SVVRLK H[� ;OL MHJ[ P[ZLSM PZ SLZZ KPZ�
W\[HISL [OHU [OL X\LZ[PVU VM OV^ MHY PU[V
[OL M\[\YL [OPZ ZOV\SK YLHJO HUK OV^ T\JO
[OL PUK\JLK JVZ[ TH` HJ[\HSS` IL� 6UL
VM [OL [YV\ISLZ PU]VS]LK PZ [OH[ M\[\YL PU�
K\JLK JVZ[ I` \UPTHNPUH[P]L KLZPNU HYL
HJ[\HSS` T\JO OPNOLY [OHU ILSPL]LK� ;OPZ PZ
LZWLJPHSS` [Y\L MVY ZVM[^HYL PU YLZ[YPJ[LK LU�
]PYVUTLU[Z �[PTPUN� TLTVY`�� ^OLYL JOLHW
HUK MHZ[ HWWYVHJOLZ PU [OL ÄYZ[ WSHJL TH`
SLHK [V [OL ULLK MVY H JVTWSL[L YL^YP[L VM
[OL ZVM[^HYL HSYLHK` PU [OL WYVK\J[ PU[YV�
K\J[PVU WOHZL �^OLYL [OL ^VYZ[ JHZL ZJL�
UHYPV ^V\SK IL [OL ULLK [V HSZV YLWSHJL [OL
WYVJLZZVY PU [OL OHYK^HYL KLZPNU�� )\[ VM
JV\YZL� PUK\JLK M\[\YL JVZ[Z MVY \UPTHNPUH�

[P]L KLZPNU PZ HSZV Z\IZ[HU[PHS MVY OHYK^HYL
HUK WYVJLZZLZ�

;V JH[JO [OL JVYYLJ[ JVZ[ IHSHUJL [OH[ Ä[Z
[OL JVTWHU` HUK [OL WYVK\J[� HSS �WVZZP�
ISL� HKKP[PVUHS LMMVY[Z [V HJOPL]L H M\[\YL
WYVVM ZL[[PUN ZOV\SK IL ZLLU �JHSJ\SH[LK
HZ PU]LZ[TLU[Z [OH[ OH]L [OLPY WH`IHJR H[
[OL TVTLU[ PU [PTL ^OLU [OL YPZR MVY H YL�
KLZPNU OHWWLUZ� ;OPZ HWWYVHJO HSSV^Z MVY
MHJ[�IHZLK KPZJ\ZZPVUZ [V IHSHUJL [VKH`»Z
HUK M\[\YL JVZ[ MVY HU` VM [OL ¹M\[\YL WYVVM¹
YLX\PYLTLU[Z PU]VS]LK�

3URRðQJ DQG 0DUNHWLQJ
WKH )XWXUH 3URRI
%HQHðWV
(M[LY HSS [OL LMMVY[Z [HRLU [V JYLH[L H YLHSS`
M\[\YL WYVVM WYVK\J[� [OL JVTWHU` ^PSS IL
WYV\K VM [OL LMMVY[ [HRLU HUK [OL YLZ\S[
HJOPL]LK HUK Z[HY[ WYVTV[PUN P[� /V^L]LY�
IL H^HYL [OH[ J\Z[VTLYZ [OYV\NOV\[ [OL
]HS\L JOHPU TPNO[ IL KLYHUNLK I` H Z[H[L�
TLU[ SPRL [OH[� HZ P[ PUL]P[HIS` YHPZLZ ZL]LYHS
X\LZ[PVUZ�

7VZZPISL J\Z[VTLY X\LZ[PVUZ HUK [OV\NO[Z!

� >OH[ HIV\[ [OL V[OLY WYVK\J[Z MYVT [OPZ
]LUKVY&

� (YL [OLZL UVU�M\[\YL�WYVVM WYVK\J[Z&
� >OH[ HIV\[ [OL JVZ[& � 4\Z[ IL T\JO
[VV OPNO PM [OL` JHU PU]LZ[ PU [OPUNZ 0 KV
UV[ ULLK [VKH`�

:V� WSLHZL� KVU»[ [HRL ¹M\[\YL WYVVM¹ PU `V\Y
JHTWHPNU� Q\Z[ WVPU[ V\[ MLH[\YLZ [OH[ HYL
PU [OL YHUNL VM `V\Y J\Z[VTLYZ OVWLZ� SPRL
IL[[LY LUK\YHISL JHWHJP[VYZ� ^PKLY [LTWLY�
H[\YL YHUNL� OPNOLY SL]LSZ VM Z\YNL�I\YZ[
^P[OZ[HUKPUN [OHU [OL TPUPT\T YLX\PYLK�
TVK\SHY M\UJ[PVUHSP[` VY PU[LYMHJPUN H]HPSHISL
L[J�

;OLYL PZ VUS` VUL ^H` [V YLHSS` WYVVM ¹M\�
[\YL WYVVMULZZ¹! 3VVR IHJR MYVT [OL M\[\YL
[V ^OH[ HJ[\HSS` OHWWLULK� )LMVYL `V\
HJ[\HSS` HYYP]L PU [OL M\[\YL� `V\ TH` SVVR
PU[V ^OH[ TPNO[ OHWWLU PU WYVIHISL ZJL�
UHYPVZ� ;OPZ ^H` `V\ JHU WYVVM [OH[ `V\Y
WYVK\J[ VY KLZPNU PZ ¹ZJLUHYPV WYVVM¹ MVY H
ZWLJPÄJ ZJLUHYPV �VY ZVTL ZJLUHYPVZ�� [OH[
`V\ LZ[PTH[L JV\SK OHWWLU PU [OL M\[\YL�
(UK [OL ZJLUHYPVZ HNHPU JHU IL MLK \ZPUN
[OL L_WLJ[H[PVUZ VM [OL PTWHJ[ VM [LJOUVS�
VN` JOHUNLZ �HSVUNZPKL `V\Y [LJOUVSVN`
YVHKTHW��

&RQFOXVLRQ
)` UH[\YL� [OL M\[\YL PZ \URUV^U� /V^L]LY�
M\[\YL YLX\PYLTLU[Z JHU IL YLZLHYJOLK
WYVWLYS �̀ HUK M\[\YL WYVVM JVZ[ HUK ILULÄ[
JHU IL YPNPKS` JHSJ\SH[LK�

-\[\YL WYVVM KLZPNU PZ HU PU]LZ[TLU[ PU[V
[OL Z\Z[HPULK M\[\YL VM `V\Y I\ZPULZZ�
:V\UK I\ZPULZZ KLJPZPVUZ JHU IL THKL
^OLU JHSJ\SH[PUN [OL HKKP[PVUHS JVZ[ HZ PU�
]LZ[TLU[� HUK [OL WH`IHJR HZ WYL]LU[LK
M\[\YL JVZ[� [OH[ ILJVTLZ H]HPSHISL H[ [OL
[PTL [OL YPZR MVY H ZWLJPÄJ HJ[PVU PZ LZ[P�
TH[LK�

-\[\YL WYVVM WYVWLY[PLZ VM H KLZPNU JHU IL
L]HS\H[LK �HUK WYVVMLK� HNHPUZ[ ZJLUHY�
PVZ [OH[ LZ[PTH[L WYVIHISL M\[\YL KL]LSVW�
TLU[Z�

/V^L]LY� WYVTV[PUN [V IL ¹M\[\YL WYVVM¹ PZ
KPMÄJ\S[ HUK KHUNLYV\Z� 7YVTV[PUN LZZLU�
[PHS HZWLJ[Z VM ILPUN M\[\YL WYVVM ^PSS JYLH[L
T\JO OPNOLY ZWPYP[� "
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:DOWHU :(51(5� 'U�! +Y� >LYULY PZ OLHK
VM >LYULY 4HUHNLTLU[ :LY]PJLZ� H JVU�
Z\S[HUJ` JVTWHU` PU [OL ÄLSK VM PUUV]H[PVU�
SPNO[PUN JVU[YVSZ HUK [OL 0U[LYUL[ VM ;OPUNZ�
/L ^VYRLK HZ /LHK VM :`Z[LT (YJOP[LJ[\YL
H[ [OL (\Z[YPHU SPNO[PUN LU[LYWYPZL A\T�
[VILS .YV\W MYVT ���� \U[PS ����� -YVT
��� [V ���� OL ^VYRLK HZ HU 0UUV]H[PVU
*VUZ\S[LY HUK WHYHSSLS [V [OH[ [H\NO[ H[ [OL
0UZ[P[\[PVU MVY /PNOLY ,K\JH[PVU PU 9HUR^LPS�
(\Z[YPH� -YVT ���� [V ���� OL ^HZ [OL
4HUHNPUN +PYLJ[VY VM [OL :^PZZ ZVM[^HYL
Z[HY[\W TP]\UL� ZP[\H[LK PU A\YPJO� /L ^HZ
LTWSV`LK H[ 4VLSSLY VM .LYTHU` HZ ;LJO�
UPJHS 4HUHNLY :^P[JONLHY MYVT ����¶����
HUK WYPVY [V [OH[� MVYTLK [OL ZTHY[ SPNO[�
PUN HNLUKH VM A\T[VILS PU [OL `LHYZ � ��
[V ����� +Y� >LYULY JVTWSL[LK OPZ Z[\K�
PLZ H[ 0UUZIY\JR <UP]LYZP[` PU ,_WLYPTLU[HS
7O`ZPJZ ^P[O H 7O+�

:HUQHU 0DQDJHPHQW 6HUYLFHV H�8� PZ
H JVUZ\S[HUJ �̀ [OH[ MVJ\ZLZ VU THRPUN
PUUV]H[PVU OHWWLU HUK Z\JJLZZM\S� >LSS�
THUHNLK PUUV]H[PVU PZ H JVYL Z\JJLZZ MHJ�
[VY� /V^L]LY� P[ PZ VM[LU H THQVY JOHSSLUNL
[V PKLU[PM` ^OH[ PUUV]H[PVU Ä[Z ILZ[� HUK
[V KYP]L H Z\JJLZZ WVY[MVSPV� ;OH[»Z ^OLYL
>LYULY 4HUHNLTLU[ :LY]PJLZ VMMLYZ H Z\W�
WVY[PUN OHUK! 0TWSLTLU[PUN Z\JJLZZM\S HUK
[HPSVY THKL Z`Z[LTH[PJZ PU[V [OL PUUV]H[PVU
WYVJLZZ� \UJOHPUPUN [OL ÅV^ VM ]HS\HISL
PKLHZ� HUK KLZPNUPUN WYVJLZZLZ [V HJOPL]L
ZLSM N\PKHUJL [V [OL WVPU[� 0U HKKP[PVU ^L
HYL WYLWHYLK [V IYPKNL TPZZPUN L_WLY[PZL
PU [LJOUPJHS JVTT\UPJH[PVU HUK JVU[YVSZ
PM YLX\PYLK� IV[O HZ YLWVY[PUN L_[LYUHS L_�
WLY[Z� HZ [LHT JOHSSLUNLYZ VY ^VYRZOVW
VYNHUPaLYZ [OH[ OLSW [V JVTL [V H ZV\UK
JVUJS\ZPVU�
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7*) :WHJL�*VUZ[YHPU[ >VLZ
,SPTPUH[LK I` � 4/a 4VUVSP[OPJ�
)\JR�)VVZ[ +*�+* *VU]LY[LY HUK
3,+ +YP]LY
(Z [OL ZPaL VM LSLJ[YVUPJ KL]PJLZ ZOYPUR� [OL JPYJ\P[Y` PUZPKL [OLT
T\Z[ KV [OL ZHTL� ;OPZ [YLUK [V^HYKZ WYVK\J[ TPUPH[\YPaH[PVU PZ
L]PKLU[ HJYVZZ HSS PUK\Z[YPLZ HUK JYLH[LZ UL^ KLZPNU JOHSSLUNLZ MVY
LUNPULLYZ [HZRLK ^P[O Ä[[PUN ZVS\[PVUZ PU ZWHJL�JVUZ[YHPULK
KLZPNUZ� 2`SL 3H^YLUJL� (WWSPJH[PVUZ ,UNPULLY H[ (UHSVN +L]PJLZ
WYVWVZLZ HUK KLZJYPILZ H ZVS\[PVU IHZLK VU [OLPY 3;� ��
TVUVSP[OPJ I\JR�IVVZ[ YLN\SH[VY 0* [OH[ PZ \ZLK PU [OLPY +*����(
KLTVUZ[YH[PVU IVHYK�
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,QWURGXFWLRQ
7R PHHW LQFUHDVLQJO\ VWULQJHQW VL]H
UHTXLUHPHQWV IRU FRPSDFW HOHFWURQLF
GHYLFHV� LQWHJUDWHG FLUFXLW �,&� GHVLJQ�
HUV EULQJ H[WHUQDO FRPSRQHQWV LQVLGH
RI WKHLU GHYLFHV WR PLQLPL]H WKH H[WHU�
QDO FRPSRQHQW FRXQW� 2I WKH YDULRXV
FLUFXLWV UHTXLUHG WR EXLOG DQ\ HOHF�
WURQLF GHYLFH� GF�WR�GF FRQYHUWHUV
DUH DV FKDOOHQJLQJ WR VKULQN LQ VL]H DV
WKH\ DUH XELTXLWRXV²HYHU\WKLQJ QHHGV
SRZHU²DV SRZHU VXSSO\ GHVLJQHUV
RIWHQ IDFH WKH UHDOLW\ WKDW VKULQNLQJ VR�
OXWLRQ VL]H W\SLFDOO\ QHJDWLYHO\ DIIHFWV
SHUIRUPDQFH�

)RU LQVWDQFH� RQH ZD\ WR VDYH VLJQL¾�
FDQW 3&% UHDO HVWDWH LV WR XVH D PRQR�
OLWKLF GF�WR�GF FRQYHUWHU WKDW LQWH�
JUDWHV FDUHIXOO\ VHOHFWHG SRZHU VZLWFK
GHYLFHV ZLWKLQ WKH ,& SDFNDJH� UHGXF�
LQJ UHTXLUHG H[WHUQDO FRPSRQHQWV WR D
IHZ SDVVLYH GHYLFHV�

,Q PDQ\ FDVHV� WKH UHVXOWLQJ FRPSDFW
GHVLJQ EULQJV WKH XQGHVLUDEOH UHVXOW
RI LQFUHDVHG SRZHU ORVV LQ D VPDOOHU
VSDFH IRU PXFK KLJKHU WHPSHUDWXUH
ULVH ZKHQ FRPSDUHG ZLWK H[WHUQDO
SRZHU VZLWFK FRQWUROOHU GHVLJQV� 6H�
OHFWLQJ WKH ULJKW PRQROLWKLF GF�WR�GF
FRQYHUWHU LV FULWLFDO LQ GHVLJQLQJ D
SRZHU V\VWHP WKDW LV ERWK FRPSDFW
DQG HI¾FLHQW LQ RUGHU WR DYRLG JHQHUDW�
LQJ SUREOHPDWLF OHYHOV RI KHDW�

*HQHUDO &RPSRQHQW�
6\VWHP DQG &RQFHSW
'HVFULSWLRQ

;OL \ZLK Z[LW�\W�Z[LW�KV^U JVU]LY[LY
TLL[Z [OL JOHSSLUNL VM JYLH[PUN H ÅL_PISL
HUK JVTWHJ[ KJ�[V�KJ JVU]LY[LY ZVS\�
[PVU ^P[OV\[ ZHJYPÄJPUN WLYMVYTHUJL� 0[
PU[LNYH[LZ MV\Y �� =/�( WV^LY Z^P[JOLZ�
[^V NH[L KYP]LY IVV[Z[YHW KPVKLZ� HUK HSS
P[Z JVU[YVS HUK KYP]LY JPYJ\P[Y` PU[V H ZTHSS
�í� TT 8-5 WHJRHNL� >P[O [OL HIPSP[`
VM VWLYH[PUN H[ \W [V �4/a Z^P[JOPUN MYL�
X\LUJ �̀ L_[LYUHS JVTWVULU[ ZPaPUN PZ RLW[
[V H TPUPT\T� JVUZLY]PUN 7*) ZWHJL HZ
^LSS HZ WYV]PKPUN OPNO IHUK^PK[O VWLYH[PVU
MVY HU` KJ�[V�KJ JVU]LY[LY�

;OL 0* VMMLYZ H WLHR J\YYLU[�TVKL JVU�
[YVS ZJOLTL HUK L_OPIP[Z ZLHTSLZZ [YHUZP�
[PVUZ IL[^LLU ��Z^P[JO IVVZ[ �Z[LW�\W��
��Z^P[JO I\JR�IVVZ[ �Z[LW�\W�Z[LW�KV^U��
HUK ��Z^P[JO I\JR �Z[LW�KV^U� TVKLZ VM
VWLYH[PVU� ;OL JVU]LY[LY VIZLY]LZ HUK
JVTWHYLZ P[Z PUW\[ HUK V\[W\[ ]VS[HNLZ [V
KL[LYTPUL [OL JVYYLJ[ TVKL VM VWLYH[PVU�
(Z [OL YH[PV VM PVIN : PVOUT JOHUNLZ
HUK MVYJLZ [OL JVU]LY[LY [V TVKL [YHUZP�
[PVU� [OL 0* THPU[HPUZ YLN\SH[PVU ^OPSL P[
PU[LSSPNLU[S` ZOPM[Z JVU[YVS IL[^LLU Z^P[JO
WHPYZ� 0U HKKP[PVU [V YLN\SH[PUN [OL V\[W\[
]VS[HNL V]LY H ]HYPL[` VM PVIN : PVOUT

JVTIPUH[PVUZ� [OL Z`Z[LT JHU HSZV IL JVU�
ÄN\YLK [V YLN\SH[L PUW\[ VY V\[W\[ J\YYLU[

MVY \ZL PU JVUZ[HU[ J\YYLU[ YLN\SH[PVU HWWSP�
JH[PVUZ� *\YYLU[ TVUP[VYPUN MLLKIHJR MYVT
[OL 0:465 WPU WYV]PKLZ H I\MMLYLK ]VS[HNL
V\[W\[ WYVWVY[PVUHS [V [OL TLHZ\YLK J\Y�
YLU[� HSSV^PUN JVUULJ[LK JPYJ\P[Y` [V PUZWLJ[
[OL TLHZ\YLK J\YYLU[ SL]LSZ� ;OPZ HIPSP[`
[V YLN\SH[L J\YYLU[ VY ]VS[HNL THRLZ [OL
0* WLYMLJ[ MVY \ZL HZ HU 3,+ KYP]LY� JVT�
WHJ[ IH[[LY` JOHYNLY� TPUPH[\YL ZVSHY WHULS�
WV^LYLK JVU]LY[LY� VY NLULYHS�W\YWVZL
]VS[HNL YLN\SH[VY�

�� 9� � $ /(' 'ULYHU
([DPSOH

)LJXUH � ZOV^Z H JVTWSL[L L]HS\H[PVU JPY�
J\P[ MVY H JVTWHJ[ 3,+ KYP]LY� ;OPZ ZVS\[PVU
PZ JHWHISL VM WYV]PKPUN �( [V H Z[YPUN VM
MV\Y �\W [V ��=� ^OP[L 3,+Z JVUULJ[LK PU
ZLYPLZ� ;OL TH_PT\T WV^LY KLSP]LY` PUW\[
]VS[HNL YHUNL PZ �¶��=� ^P[O YLK\JLK J\Y�
YLU[ VWLYH[PVU KV^U [V �=� ^OPJO PZ PKLHS
MVY \UYLN\SH[LK H\[VTV[P]L PUW\[ Z\WWSPLZ�
;OL TVUVSP[OPJ I\JR�IVVZ[ YLN\SH[VY 0* PU
[OPZ ZVS\[PVU VWLYH[LZ H[ H �4/a Z^P[JO�
PUN MYLX\LUJ �̀ LUHISPUN [OL \ZL VM YLSH[P]LS`
ZTHSS PUK\J[VYZ HUK JHWHJP[VYZ� ;OL YLZ\S[
PZ [OH[ [OL LU[PYL 3,+ KYP]LY ZVS\[PVU Ä[Z H
��í�� TT 7*) MVV[WYPU[� ^P[O HSS JVTWV�
ULU[Z WSHJLK VU [OL VUL ZPKL VM [OL IVHYK�
PUJS\KPUN [OL 0*�

;OPZ ZVS\[PVU HSZV IVHZ[Z OPNO IHUK^PK[O
VWLYH[PVU� HSSV^PUN MVY X\PJR HKQ\Z[TLU[Z VM



-PN\YL �! ;OPZ KLTVUZ[YH[PVU JPYJ\P[
ZOV^JHZLZ H OPNO WLYMVYTHUJL�
JVTWHJ[ KJ�[V�KJ YLN\SH[VY ZVS\[PVU
ZWLJPÄJHSS` MVY� PU [OPZ JHZL� KYP]PUN 3,+Z

-PN\YL �! ;OL KLTVUZ[YH[PVU JPYJ\P[ PZ \ZLK [V JYLH[L H JVTWHJ[ �� > 3,+ KYP]LY HWWSPJH[PVU JHWHISL VM WYV]PKPUN YLN\SH[LK V\[W\[ J\YYLU[
V]LY H ^PKL PUW\[ YHUNL
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[OL V\[W\[ J\YYLU[� >OPSL PU I\JR VWLYH[PVU�
[OL 0* HJOPL]LZ KPTTPUN YH[PVZ HZ OPNO HZ
5000 : 1 \ZPUN HU L_[LYUHS 7>4 ZV\YJL
[V KPT [OL 3,+Z H[ H ÅPJRLY�MYLL ���/a� 0M
HU L_[LYUHS 7>4 ZV\YJL PZ UV[ H]HPSHISL� P[
JHU HSZV IL KPTTLK \ZPUN P[Z PU[LYUHS 7>4
KPTTPUN MLH[\YL� 0U[LYUHS KPTTPUN WYV]PKLZ
\W [V 128 : 1KPTTPUN ^P[OV\[ [OL ULLK MVY
HU` L_[LYUHS 7>4 ZPNUHS ZV\YJL� YLX\PYPUN
VUS` H ZPUNSL YLZPZ[VY [V ZL[ KPTTPUN MYL�
X\LUJ` HUK H KJ ]VS[HNL [V JVU[YVS [OL K\[`
J`JSL VM [OL V\[W\[ J\YYLU[� 0[ HSZV MLH[\YLZ
HUHSVN KPTTPUN I` HWWS`PUN H KJ ]VS[HNL H[
[OL *;93 WPU MVY \W [V 20 : 1 HUHSVN KPT�

TPUN� (UHSVN HUK 7>4 KPTTPUN JHU IL
JVTIPULK [V HJOPL]L OPNOLY LMMLJ[P]L KPT�
TPUN YH[PVZ [OHU LP[OLY TL[OVK JHU HSVUL�

6SUHDG 6SHFWUXP
)UHTXHQF\ 0RGXODWLRQ
5HGXFHV (0, 3HDNV
;V OLSW JYLH[L H SV^ UVPZL KJ�[V�KJ JVU�
]LY[LY Z`Z[LT� HU VW[PVUHS ZWYLHK ZWLJ[Y\T
MYLX\LUJ` TVK\SH[PVU �::-4� MLH[\YL PZ
PUJS\KLK� >OLU LUHISLK� ::-4 Z^LLWZ
[OL Z^P[JOPUN MYLX\LUJ` IL[^LLU [OL ]HS\L
ZL[ I` [OL 9; YLZPZ[VY \W [V ��� HKKP[PVUHS
Z^P[JOPUN MYLX\LUJ �̀ ;OPZ Z^LLWPUN HJ�
[PVU KPZ[YPI\[LZ [OL LTPZZPVUZ JH\ZLK I`
Z^P[JOPUN V]LY H IYVHK ZWLJ[Y\T VM MYL�
X\LUJPLZ YH[OLY [OHU JVUJLU[YH[PUN [OVZL
LTPZZPVUZ PU[V UHYYV^ IHUKZ� YLK\JPUN ,40
WLHRZ V]LYHSS� ::-4� ^OLU \ZLK PU JVT�
IPUH[PVU ^P[O PUW\[ HUK V\[W\[ ,40 ÄS[LYZ�
JHU OLSW YLK\JL ,40 V]LY H ^PKL YHUNL VM
MYLX\LUJPLZ� THRPUN P[ LHZPLY [V KLZPNU HU
LTPZZPVUZ�JVTWSPHU[ Z`Z[LT�

�� 9� � $ 9ROWDJH
5HJXODWRU ([DPSOH

;OL 0* PZ UV[ SPTP[LK [V KYP]PUN 3,+Z� 0[ PZ
H JHWHISL� JVTWHJ[ ]VS[HNL YLN\SH[VY� ^LSS
Z\P[LK [V ZVS]L [OL WYVISLT VM WYVK\JPUN

Z[HISL V\[W\[Z MYVT ^PKL�YHUNPUN� \UYLN\�
SH[LK WV^LY ZV\YJLZ� ;OL ��=� �( ]VS[HNL
YLN\SH[VY KLZPNU �)LJXUH �� PZ ZPTPSHY [V [OL
��> 3,+ KYP]LY ZVS\[PVU �)LJXUH ��� ^P[O H
ML^ ZTHSS TVKPÄJH[PVUZ� 3PRL [OL 3,+ KYP]LY
HWWSPJH[PVU� [OL ]VS[HNL YLN\SH[VY JHU THPU�
[HPU V\[W\[ YLN\SH[PVU V]LY H ^PKL PUW\[
]VS[HNL YHUNL� KLSP]LYPUN M\SS V\[W\[ WV^LY
HZ SV^ HZ �= HUK THPU[HPUPUN VWLYH[PVU HZ
SV^ HZ �= ^P[O YLK\JLK V\[W\[ WV^LY�

;OL LMÄJPLUJ` J\Y]LZ PU )LJXUH � ZOV^ [OH[
L]LU ^OLU VWLYH[PUN H[ H �4/a Z^P[JOPUN
MYLX\LUJ �̀ [OL ��= YLN\SH[VY IVHZ[Z HU PT�
WYLZZP]L WLHR LMÄJPLUJ` VM ULHYS`  ��� ^P[O
TVZ[ VM P[Z PUW\[ ]VS[HNL YHUNL L_OPIP[PUN
LMÄJPLUJPLZ VM ��� HUK HIV]L� 6]LY ���
LMÄJPLUJ` PZ THPU[HPULK L]LU ^OLU WV^LY�
PUN P[Z V\[W\[ H[ H [LU[O VM P[Z [V[HS V\[W\[
WV^LY� KLTVUZ[YH[PUN P[Z HIPSP[` [V VWLYH[L
LMÄJPLU[S` PU SPNO[ SVHK JVUKP[PVUZ�

;OL J\YYLU[ ZLUZPUN HUK JVU[YVS MLH[\YL HYL
NLHYLK [V^HYK 3,+ KPTTPUN JVU[YVS� I\[
P[ ZLY]LZ ^LSS PU V[OLY ZP[\H[PVUZ YLX\PYPUN
IV[O ]VS[HNL YLN\SH[PVU HUK J\YYLU[ JVU[YVS�
>OLU [OL ZLUZPUN YLZPZ[VY PZ JVUÄN\YLK
H[ [OL V\[W\[� [OL 0* JHU LHZPS` IL JVUÄN�
\YLK [V HJ[ HZ H JVTWHJ[ JVUZ[HU[�J\YYLU[�
JVUZ[HU[�]VS[HNL IH[[LY` JOHYNLY� -VY HWWSP�
JH[PVUZ [OH[ OH]L Z[YPJ[ PUW\[ J\YYLU[ SPTP[H�
[PVUZ� Z\JO HZ JPYJ\P[Y` WV^LYLK MYVT ZTHSS
IH[[LYPLZ� JHWHJP[VY IHURZ� VY WOV[V]VS[HPJ
JLSSZ� [OL ZLUZPUN YLZPZ[VY JHU IL TV]LK



-PN\YL �! ;OL OPNO IHUK^PK[O VWLYH[PVU OLSWZ HJOPL]L OPNO YH[PV 7>4 KPTTPUN MVY 3,+
SPNO[PUN HWWSPJH[PVUZ ^P[O ^PKL K`UHTPJ IYPNO[ULZZ YHUNLZ� >P[O ,40 ÄS[LYZ YLTV]LK�
+*����( HJOPL]LZ \W [V ����!� KPTTPUN H[ ��� /a HUK HZ OPNO HZ ����!� KPTTPUN H[
��� /a

-PN\YL �! *VUÄN\YLK HZ H �� > ]VS[HNL YLN\SH[VY� [OL KYP]LY L_OPIP[Z L_JLSSLU[ SPUL HUK SVHK
LMÄJPLUJ` WYVWLY[PLZ V]LY H ^PKL PUW\[ YHUNL
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[V [OL PUW\[ ZPKL VM [OL YLN\SH[VY� WYV]PKPUN
HU PUW\[ J\YYLU[ SPTP[ [V [OL Z`Z[LT� HZ ^LSS
HZ TVUP[VYPUN� ;OL 0* ZLHTSLZZS` [YHUZP�
[PVUZ MYVT ** TVKL [V *= TVKL �HUK ]PJL
]LYZH�� LUZ\YPUN YLN\SH[PVU VM PUW\[ HUK�VY
V\[W\[ H[ HSS [PTLZ�

$XWRPRWLYH 6HTXHQWLDO
7XUQ 6LJQDO DQG 7ULP
/LJKWLQJ

(UPTH[LK ZLX\LU[PHS [\YU ZPNUHS SPNO[Z JVT�
TVUS` ZLLU VU UL^LY S\_\Y` HUK WLYMVY�
THUJL JHYZ HYL X\PJRS` NHPUPUN WVW\SHYP[ �̀
YLWSHJPUN [OL [YHKP[PVUHS ISPURLY Z[`SL PUKP�
JH[VYZ� ,HYS` PTWSLTLU[H[PVUZ VM [OL ZL�
X\LU[PHS [\YU ZPNUHS \ZL T\S[PWSL Z[LW�KV^U
JVU]LY[LYZ VY SPULHY YLN\SH[VYZ [V WV^LY
3,+Z PU [OL [\YU ZPNUHS JS\Z[LYZ� YLZ\S[PUN PU
JVTWSL_� YLSH[P]LS` PULMÄJPLU[� HUK L_JLZ�
ZP]LS` SHYNL ZVS\[PVUZ� NYLH[S` SPTP[PUN [OL
ÄLSK VM WVZZPISL SPNO[PUN KLZPNUZ� 9LK\J�
PUN [OL X\HU[P[` VM YLX\PYLK WV^LY 0*Z [V
VUL LMÄJPLU[ KL]PJL PZ HU VI]PV\Z ^H` [V
L_WHUK [OL YHUNL VM H SPNO[PUN KLZPNULY»Z
VW[PVUZ�

( ZPUNSL JVU]LY[LY ZVS\[PVU YLX\PYLZ H KL�
]PJL [OH[ PZ JHWHISL VM THPU[HPUPUN V\[W\[
YLN\SH[PVU HJYVZZ [OL ]HYPV\Z 3,+ JVTIPUH�
[PVUZ � OLUJL� Z[YPUN ]VS[HNLZ� [OH[ VJJ\Y PU
[OL SPNO[PUN KLZPNU! MYVT L]LY` 3,+ VU� [V H
ZPUNSL 3,+ VU� [V HSS [OL V[OLY JVTIPUH[PVUZ
PU IL[^LLU� (Z [OL HUPTH[LK SPNO[Z TV]L
[OYV\NO [OL JVUÄN\YH[PVUZ VM JVUULJ[LK
3,+Z� [OL PUW\[ ]VS[HNL JHU IL OPNOLY [OHU�
SV^LY [OHU� VY LX\HS [V [OL V\[W\[ ]VS[�
HNL� ;OPZ [`WL VM HWWSPJH[PVU YLX\PYLZ H
Z[LW�\W�Z[LW�KV^U JVU]LY[LY [OH[ JHU PU�
[LSSPNLU[S` ZLSLJ[ HUK ZLHTSLZZS` [YHUZP[PVU
IL[^LLU TVKLZ VM VWLYH[PVU ^OPSL THPU�
[HPUPUN V\[W\[ YLN\SH[PVU� ;OL I\JR�IVVZ[
[VWVSVN` HUK OPNO IHUK^PK[O VWLYH[PVU
LUHISL P[ [V LHZPS` UH]PNH[L [OLZL JOHUNLZ
^P[OV\[ NSP[JOLZ�

;OL WYLZLU[LK ZLX\LU[PHS [\YU ZPNUHS KLZPNU
�)LJXUH �� WV^LYZ LPNO[ 3,+Z H[ ���T(
MYVT HU H\[VTV[P]L IH[[LY` HUK ZLSLJ[Z IL�
[^LLU WV^LYPUN LP[OLY HU HTILY Z[YPUN VM
3,+Z� MVY [\YU ZPNUHS VWLYH[PVU� VY H ^OP[L
Z[YPUN� MVY KH`[PTL�Y\UUPUN SPNO[Z VY V[OLY
[YPT SPNO[PUN \ZLK PU OLHKSPNO[�[HPSSPNO[ KL�
ZPNUZ�

( TPJYVJVU[YVSSLY HJ[Z HZ HU PU[LYMHJL IL�
[^LLU [OL [\YU ZPNUHS PUW\[ MYVT [OL \ZLY
HUK [OL SPNO[PUN Z`Z[LT� ;OPZ NP]LZ [OL
SPNO[PUN KLZPNULY �VY LUK \ZLY� PM KLZPYLK�
JVTWSL[L JVU[YVS VM HSS [OL [PTPUN HUK ZPN�
UHSZ ULJLZZHY` [V WLYMVYT [OL HUPTH[LK
ZLX\LU[PHS [\YU�VU VM [OL 3,+Z� HZ ^LSS HZ
JVU[YVS V]LY ^OPJO JVSVY 3,+ Z[YPUN PZ WV^�
LYLK H[ HU` NP]LU [PTL�



-PN\YL �! 3,+Z HYL [\YULK VU VUL H[ H [PTL PU ZLX\LU[PHS [\YU ZPNUHS HWWSPJH[PVUZ� MVYJPUN [OL KJ�[V�KJ JVU]LY[LY [V YHWPKS` HKQ\Z[ [V UL^
7=05!7=6<; JVTIPUH[PVUZ� ;OPZ PZ UV WYVISLT MVY [OL KYP]LY� ^OPJO ZLHTSLZZS` [YHUZP[PVUZ MYVT IVVZ[� [V I\JR�IVVZ[� [V I\JR VWLYH[PVU
K\YPUN [OL ZLX\LU[PHS [\YU WH[[LYU� LUZ\YPUN YLN\SH[LK 3,+ J\YYLU[ HJYVZZ [OL TVKLZ
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0U [OPZ KLZPNU� K\YPUN [OL ZLX\LU[PHS [\YU�
VU WH[[LYU� [OL [\YU ZPNUHS 3,+Z HYL PU[YV�
K\JLK [V [OL Z[YPUN VUL H[ H [PTL [V WYV�
K\JL [OL [\YU ZPNUHS� (Z 3,+Z HYL HKKLK
[V [OL Z[YPUN I` [OL TPJYVJVU[YVSSLY� [OL 0*
THPU[HPUZ YLN\SH[PVU VM [OL V\[W\[ J\YYLU[
MVY JVUZPZ[LU[ SPNO[ IYPNO[ULZZ�

(M[LY HSS 3,+Z HYL PSS\TPUH[LK� P[ Z[VWZ
Z^P[JOPUN VWLYH[PVU HUK [OL V\[W\[ ]VS[�
HNL PZ KYHPULK [V ZL[ [OL JVU]LY[LY \W MVY
[OL UL_[ ZLX\LU[PHS [\YU�VU J`JSL� >OLU
[OL [\YU ZPNUHS PZ UV[ ILPUN \ZLK� [OL TPJYV�
JVU[YVSSLY YLJVUULJ[Z [OL [YPT SPNO[PUN 3,+
Z[YPUN HUK JVU[PU\LZ [V ^HP[ MVY [\YU�ZPNUHS
\ZLY PUW\[� JVTIPUPUN [^V SPNO[PUN M\UJ[PVUZ
PU[V H ZPUNSL 3,+ KYP]LY ZVS\[PVU�

6XPPDU\

,SLJ[YVUPJ KL]PJLZ JVU[PU\L [V MVYJL LUNP�
ULLYZ [V YLHJO MVY ZTHSSLY PU[LNYH[LK KL�
]PJLZ [V TLL[ PUJYLHZPUNS` SPTP[LK ZWHJL
YLX\PYLTLU[Z� ;OL TVUVSP[OPJ I\JR�IVVZ[
JVU]LY[LY HUK 3,+ KYP]LY HKKYLZZLZ ZWHJL�
JVUZ[YHPULK LSLJ[YPJHS KLZPNUZ I` PU[LNYH[�
PUN H U\TILY VM ZWHJL�ZH]PUN MLH[\YLZ
^P[OV\[ JVTWYVTPZPUN WLYMVYTHUJL� 0[Z
TVUVSP[OPJ KLZPNU HUK � 4/a Z^P[JOPUN
MYLX\LUJ` VWLYH[PVU ZOYPURZ ZVS\[PVU ZPaL�
LUHISPUN P[ [V ZX\LLaL PU[V JYHTWLK 7*)
KLZPNUZ� 0[ PZ OPNOS` ÅL_PISL � HISL [V VWLY�
H[L HZ IV[O H JVUZ[HU[ J\YYLU[ HUK JVU�
Z[HU[ ]VS[HNL YLN\SH[VY � LUHISPUN P[ [V Ä[ H
^PKL ]HYPL[` VM HWWSPJH[PVUZ�

-VY KLZPNUZ [OH[ YLX\PYL SV^ UVPZL WV^LY
Z\WWSPLZ [V TLL[ Z[YPUNLU[ ,40 YLX\PYL�
TLU[Z� [OL ::-4 MLH[\YL OLSWZ IYPUN KV^U
JVUK\J[LK HUK YHKPH[LK LTPZZPVUZ� HUK
P[Z JVU]LUPLU[ 0* WHJRHNL WPUV\[ HSSV^Z
MVY JVTWHJ[ Z^P[JOPUN OV[ SVVWZ� ;OLZL
MLH[\YLZ� WS\Z H ^PKL PUW\[ YHUNL� ZPTWSPM`
H KLZPNULY»Z SPML ^OLU MHJLK ^P[O JVTWHJ[
WV^LY YLX\PYLTLU[Z� "

$ERXW WKH $XWRU! 2`SL 3(>9,5*, PZ HU
HWWSPJH[PVU LUNPULLY H[ (UHSVN +L]PJLZ� /L
PZ YLZWVUZPISL MVY [OL KLZPNU HUK [LZ[PUN VM
H ]HYPL[` VM KJ�[V�KJ JVU]LY[LYZ� PUJS\KPUN
��Z^P[JO I\JR�IVVZ[ ]VS[HNL YLN\SH[VYZ HUK
3,+ KYP]LYZ [HYNL[PUN SV^ ,40 H\[VTV[P]L
HWWSPJH[PVUZ�



5L^ -SL_PISL 3PNO[PUN :`Z[LTZ
)HZLK VU ([TVZWOLYPJ 7SHZTH
4L[HSSPaH[PVU
;OL YLZLHYJO HUK KL]LSVWTLU[ VM SPNO[�LTP[[PUN KL]PJLZ �3,+Z� OHZ
ILLU L_JLZZP]LS` L_WHUKLK HUK HK]HUJLK PU [OL SHZ[ KLJHKL� ;OL
TVZ[ YLJLU[ NLULYH[PVUZ VM JOPW ZJHSL WHJRHNL �*:7� HUK ÅPW JOPW
3,+Z LUHISL OPNO X\HSP[` LSLJ[YVS\TPULZJLU[ SPNO[ V]LY H ^PKL YHUNL
VM JVYYLSH[LK JVSVY [LTWLYH[\YLZ �**;� ^P[O H ]LY` ZTHSS� JVTWHJ[
ZPaL HUK OPNO JVZ[ LMÄJPLUJ` B���D� ;OLZL HJOPL]LTLU[Z WH]L [OL
^H` MVY TVYL Z\Z[HPUHISL SPNO[PUN Z`Z[LTZ VU [OL SHYNL NSVIHS ZJHSL�
/V^L]LY� SPNO[PUN Z`Z[LTZ TH` Z[PSS MHSS ILOPUK [OL WYVNYLZZ VM 3,+Z
HUK WVZL UL^ JOHSSLUNLZ MVY [OL 3,+ SPNO[PUN PUK\Z[Y �̀ @HZLY
/HQ�/TLPKP� +L]LSVWTLU[ :WLJPHSPZ[ H[ 3\TP[YVUP_� WYVWVZLZ H
UL^S` KL]LSVWLK [LJOUVSVN �̀ H[TVZWOLYPJ WSHZTH TL[HSSPaH[PVU HUK
L_WSHPUZ OV^ P[ JV\SK ZVS]L ZVTL JOHSSLUNLZ HUK SLHK [V UL^
ZVS\[PVUZ�
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7
+( KDUPRQ\ LQ LQQRYDWLRQ EH�
WZHHQ OLJKWLQJ V\VWHPV DQG /('V
ZLOO FRQWLQXH RQ D SURJUHVVLYH

OHYHO WR H[SORUH QHZ RSSRUWXQLWLHV LQ
WKH PDUNHWV IRU WKH OLJKWLQJ LQGXVWU\ LQ
WKH ðHOG RI /(' V\VWHPV� ,W LV WKHUHIRUH
HQFRXUDJLQJ WR ðUVWO\ UH�HYDOXDWH WKH H[�
LVWLQJ VROXWLRQV EDVHG RQ FRQYHQWLRQDO
PHWKRGV DQG SUREDEO\ HYHQ UHWKLQN WKH
FRQFHSW IRU WKH 3&% LWVHOI DV D FRUH HOH�
PHQW IRU /(' PRGXOHV� (VSHFLDOO\ VLQFH
WKH FXUUHQW SURGXFWLRQ RI SULQWHG FLUFXLW
ERDUGV UHTXLUHV VHYHUDO FRPSOH[ VWDJHV
RI SKRWROLWKRJUDSK\� FOHDQ URRP FRQ�
GLWLRQV� HWF� 7KHVH SURFHVVHV DUH EH�
FRPLQJ HYHQ PRUH FRPSOH[ LQ WKH FDVH
RI ñH[LEOH SULQWHG FLUFXLW ERDUGV �)3&�
DQG LW LV PRUH FKDOOHQJLQJ WR DFKLHYH D
UHHO�WR�UHHO SURGXFWLRQ OLQH IRU ñH[LEOH
HQGOHVV /(' OXPLQDLUHV�

,QWURGXFWLRQ
;OLYL HYL THU` WVZZPISL LZ[HISPZOLK [LJO�
UPX\LZ MVY [OL TL[HSSPaH[PVU IHZLK VU ZVSPK
Z[H[L WO`ZPJZ HUK JOLTPZ[Y �̀ Z\JO HZ WO`Z�
PJHS ]HWVY KLWVZP[PVU �7=+�� [OLYTHS L]HW�
VYH[PVU� LSLJ[YVU ILHT L]HWVYH[PVU HUK
JH[OVKL ZW\[[LYPUN� I\[ [OL` OH]L ZL]LYHS
SPTP[PUN MHJ[VYZ� Z\JO HZ [OL YLX\PYLK ]HJ�
\\T JVUKP[PVUZ� SV^ PUJVTWH[PIPSP[` ^P[O
YLLS�[V�YLLS WYVK\J[PVU MVYT� SPTP[H[PVU [V

JLY[HPU [OLYTHSS` Z[HISL TH[LYPHSZ HZ ^LSS HZ
PUZ\MÄJPLU[ WYVJLZZPUN ZWLLK�

(KKP[PVUHSS �̀ T\JO TVYL JHYL ULLKZ [V IL
[HRLU [V HKKYLZZ [OL THQVY WO`ZPJHS WYVI�
SLTZ� ^OPJO HYL OPUKLYPUN [OL TL[HSSPaH[PVU�
PUJS\KPUN [OL TPZTH[JO VM SH[[PJL JVUZ[HU[
U\TILYZ MVY [OL KPMMLYLU[ KLWVZP[LK SH`LYZ�
-\Y[OLYTVYL� [OL OL[LYVQ\UJ[PVUZ WVZZLZZ
KPMMLYLU[ [OLYTHS L_WHUZPVU JVLMÄJPLU[Z�
^OPJO JV\SK IL JYP[PJHS MVY THU` HWWSPJH�
[PVUZ� LZWLJPHSS` PU O`IYPK Z`Z[LTZ�

0UKLLK� [OLYL HYL [YLUKZ [V^HYKZ UL^ ZV�
S\[PVUZ MVY -7* TL[HSSPaH[PVU PU VYKLY [V
YLHSPaL [OL TVKPÄJH[PVU VM SPNO[PUN Z`Z[LTZ
PU[V SHYNL� \S[YH�ÅH[� WSHUHY S\TPUHPYLZ PU HY�
IP[YHY` ZOHWLZ ^P[O TH_PT\T MYLLKVT PU
[OL KLZPNU VM [^V� HUK [OYLL�KPTLUZPVUHS
S\TPUHPYLZ�

5L]LY[OLSLZZ� Z\JO HU PUUV]H[PVU YLX\PYLZ
[OH[ [OL JOHSSLUNLZ PU UV^HKH`Z» WYVK\J�
[PVU Z[LWZ VM -7*Z ZOV\SK IL V]LYJVTL
HUK T\Z[ M\SÄSS [OL YLX\LZ[ VM TVKLYU HK�
]HUJLK WYVK\J[PVU MVY H OPNO KLNYLL VM
ÅL_PIPSP[` IL`VUK [OL SPTP[Z VM [OL SVNPZ[PJ
WYVJLZZ� ;OLZL MHJ[VYZ I\PSK \W H IHYYPLY
MVY [OL L_WHUZPVU PU[V [OL THYRL[ MVY UL^
3,+ S\TPUHPYLZ�

(S[OV\NO SV^�WYLZZ\YL WSHZTH TL[HSSPaH[PVU
PZ H ^LSS�LZ[HISPZOLK TL[OVK� I\[ P[ YLX\PYLZ
H OPNO�]HJ\\T JOHTILY� ^OPJO TLHUZ

OPNO WYVJLZZPUN JVZ[Z� 0U HKKP[PVU� [OL
SV^ KLWVZP[PVU YH[L HUK SV^ JHWHJP[` VM
[OL ]HJ\\T JOHTILY SPTP[ [OL ZPaL VM [OL
Z\IZ[YH[LZ [V IL WYVJLZZLK�

6I]PV\ZS �̀ HU PUUV]H[P]L ZVS\[PVU MVY TL[�
HSSPaH[PVU PZ HU LZZLU[PHS Z[LW [V^HYKZ JYL�
H[PUN H UL^ ZVS\[PVU� ;OL UL^ [LJOUVSVN`

-PN\YL �! ( WYVTPULU[ WYVK\J[ L_HTWSL
IHZLK VU H[TVZWOLYPJ WSHZTH
TL[HSSPaH[PVU [LJOUVSVN �̀ ( WYVMLZZPVUHS
[\UHISL ^OP[L ZVS\[PVU IHZLK VU 5PJOPH»Z
��PU�� ;\UHISL >OP[L 3,+Z IHZLK VU
WVS`PTPKL TH[LYPHS ^P[O H ^PK[O VM � TT�
VM JV\YZL PU :,3= HUK UVU�:,3= VW[PVU
KLWLUKPUN VU [OL SLUN[O VM [OL Z[YPWZ�
6U YLX\LZ[� HSS WYVK\J[Z JHU IL
THU\MHJ[\YLK ^P[O HU ¹LUKSLZZ¹ SLUN[O

MVY [OL TL[HSSPaH[PVU VM -7*Z PZ IHZLK VU
H[TVZWOLYPJ WSHZTH� HUK H UL^ JVTWSL[L
ZVS\[PVU OHZ ILLU MV\UK MVY [OL YLLS�[V�YLLS
WYVK\J[PVU VM ÅL_PISL� HSTVZ[ LUKSLZZ 3,+



-PN\YL �! ;OL JVWWLY ZWOLYLZ ^OPJO HYL KLWPJ[LK PU VYHUNL OH]L H KPHTL[LY VM HIV\[ ��
�T �H�" UV[L [OH[ [OL PU[LNYH[LK Z\YMHJL WYV[LJ[PVU UHUVWHY[PJSLZ HYL THYRLK ^P[O KHYR
NYLLU HYV\UK [OL JVWWLY ZWOLYLZ� ;OL ZPTWSPÄLK KYH^PUN �I� ZOV^Z [OL WSHZTH QL[
TV]PUN VU [OL IHZL Z\IZ[YH[L HUK ZOV^Z [OL LZZLU[PHS WHY[Z VM [OL QL[� L�N� [OL PUQLJ[PVU
VM [OL PULY[ JHYYPLY NHZ MYVT [OL [VW VM [OL QL[� ^OPJO PZ SH[LY TP_LK ^P[O [OL TL[HS WV^KLY�
;OL OPNO ]VS[HNL�J\YYLU[ ZV\YJL PZ ULJLZZHY` [V JVU[YVS [OL WSHZTH ÅHTL H[ H[TVZWOLYPJ
WYLZZ\YL� -PUHSS �̀ [OL IHZL Z\IZ[YH[L PZ JVH[LK ^P[O [OL TL[HSSPJ SH`LY� ( TPJYVZJVWPJ
PTHNL ZOV^Z [OL JYVZZ�ZLJ[PVU VM [OL KLWVZP[LK TL[HS Z\IZ[YH[L VU H ÅL_PISL WVS`TLY
Z\IZ[YH[L �J�" [OL [OPJRULZZ VM [OL TL[HS SH`LY PU [OPZ L_HTWSL PZ HIV\[ �� �T

-PN\YL �! ;OL ISVJR KPHNYHT PSS\Z[YH[LZ [OL ZLX\LUJL VM H THZZ WYVK\J[PVU SPUL MYVT YH^ TH[LYPHS [V [OL ÄUHS Z[HNL� ( KPZ[PUJ[PVU T\Z[ IL
THKL IL[^LLU [^V KPMMLYLU[ WH[OZ HZ TLU[PVULK PU [OL HY[PJSL! ;OL ÄYZ[ PZ IHZLK VU WVS`TLY [OPU ÄSTZ JV]LYLK ^P[O HU HS\TPUP\T SH`LY ^P[O
H [OPJRULZZ PU [OL YHUNL VM ������� �T� 5L_[� HU L[JOPUN VM [OL HS\TPUP\T SH`LY SLHKZ [V [OL Z[Y\J[\YPUN VM [OL KLZPYLK SH`V\[ VM [OL ÅL_PISL
WYPU[LK JPYJ\P[ IVHYK� ;OL ZLJVUK WH[O PZ IHZLK VU WYPU[PUN [OL HKOLZP]L JVUK\J[P]L ZPS]LY PUR VU[V [OL ÅL_PISL Z\IZ[YH[L� L�N� WVS`TLY HUK
WHWLY� \ZPUN KPNP[HS WYPU[PUN� ;OL WYPU[LK Z[Y\J[\YL JHU OH]L HSTVZ[ HU` ZOHWL� -\Y[OLYTVYL� IV[O WH[OZ JHU UV^ IL WYVJLZZLK PU [OL
ZHTL ^H �̀ 5HTLS` WYPU[PUN [OL ZVSKLY THZR VU[V [OL -7*� ;OPZ PZ ULJLZZHY` [V H]VPK YHUKVT WSHZTH TL[HSSPaH[PVU VU [OL Z\IZ[YH[L HUK
HSSV^Z TL[HSSPaH[PVU VUS` VU [OL KLZPYLK HYLH� ;OLU [OL TL[HSSPaH[PVU VM [OL PU[LNYH[LK Z\YMHJL WYV[LJ[PVU JVWWLY VU [OL Z\IZ[YH[L ^HZ
WLYMVYTLK� 9VSS�[V�YVSS Z\YMHJL TV\U[ [LJOUVSVN` �:4;� ^HZ HWWSPLK [V TV\U[ [OL LSLJ[YVUPJ JVTWVULU[Z [OH[ JYLH[L HU LSLJ[YPJHS JPYJ\P[
VU [OL Z\YMHJL� -PUHSS �̀ [OL Z\IZ[YH[L JHU IL JV]LYLK ^P[O HU VW[PJHSS` WHZZP]L VY HJ[P]L SH`LY� KLWLUKPUN VU [OLPY M\UJ[PVU
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TVK\SLZ� ;OL Z`Z[LT HWWSPLZ [LJOUPX\LZ
[OH[ HYL JHWHISL VM OPNO�]VS\TL THU\MHJ�
[\YPUN� ;OL WYVJLZZLZ JHU IL JVU[PU\V\ZS`
L_[LUKLK [V PUJS\KL H ^PKL YHUNL VM JVT�
WVULU[Z VU [OL ZHTL ÅL_PISL -7*Z� Z\JO
HZ PUMYHYLK ZLUZVYZ� HU[LUUHZ� L[J� ;O\Z�
[OL LSLJ[YVUPJ WVY[PVU VM [OL ÄUHS WYVK\J[
JHU IL H[[HJOLK [V [OL ÅL_PISL -7*Z� 0[
PZ KPZ[PUN\PZOLK MYVT V[OLY H[TVZWOLYPJ
WSHZTH TL[HSSPaH[PVU WYVJLZZLZ I` P[Z OPNO�
ZWLLK JVH[PUN HUK YLSPHISL TL[HSSPJ SH`LYZ
L]LU H[ SHYNL ZJHSL WYVK\J[PVU� )LJXUH �
ZOV^Z H WYVK\J[ THKL WVZZPISL I` H[TV�
ZWOLYPJ WSHZTH TL[HSSPaH[PVU� ;OL ZWLJPHS
JVTTVU MLH[\YL VM HSS ÅL_PISL 3,+ TVK\SLZ
PZ [OL MYLLKVT VM KLZPNU ^P[O YLNHYK [V [OL
YLX\PYLK KPTLUZPVUZ� LZWLJPHSS` [OL SLUN[O�
^OPJO JHU IHZPJHSS` YLHJO H ]LY` SHYNL TH_�
PT\T HUK PZ VUS` SPTP[LK [V [OL WVZZPISL
OHUKSPUN VM [OL YVSS P[ZLSM� ;OL WYVK\J[Z VM�
MLY HKKP[PVUHS ]HS\L [V [OL WYVJLZZLZ VM [OL
SVNPZ[PJZ JOHPU� ^OPJO THRLZ P[ WVZZPISL [V
YLK\JL [OL V]LYHSS V^ULYZOPW VM [OL LUK
WYVK\J[Z�

3URFHVVLQJ

;OL WSHZTH TL[HSSPaH[PVU TL[OVK PZ IHZLK
VU [OL KLWVZP[PVU VM H M\UJ[PVUHS SH`LY VU
[OL Z\IZ[YH[L Z\YMHJL H[ H[TVZWOLYPJ WYLZ�
Z\YL� 7SHZTH YLMLYZ [V H WSHZTH PU ^OPJO
[OL WYLZZ\YL JVYYLZWVUKZ HWWYV_PTH[LS`
[V [OH[ VM [OL Z\YYV\UKPUN H[TVZWOLYL� 0U
JVU[YHZ[ [V SV^�WYLZZ\YL WSHZTH VY OPNO�
WYLZZ\YL WSHZTH� UV V[OLY WYLZZ\YL SL]LS
OHZ [V IL THPU[HPULK VU [OL Z\IZ[YH[L PU
[OL YLHJ[PVU ]LZZLS� 0U )LJXUH �H� [OL TL[HS
WHY[PJSLZ �\Z\HSS` JVWWLY� HYL ZOV^U PU VY�
HUNL KPZJZ HUK [OL` HYL Z\YYV\UKLK I` H
WYV[LJ[P]L Z\YMHJL PU [OL UHUVTL[LY YHUNL�
;OPZ TVUVSH`LY HSSV^Z H IL[[LY HKOLZPVU
[V [OL IHZL Z\IZ[YH[L HUK PTWYV]LZ [OL
WHZZP]H[PVU X\HSP[` VM [OL VI[HPULK SH`LY�

;OL THPU JVTWVULU[Z VM [OL WSHZTH UVa�
aSL HYL ZPTWS` L_WSHPULK PU )LJXUH �I� ;OL
WSHZTH PU [OL UVaaSL PZ NLULYH[LK I` LP�
[OLY H ]VS[HNL VY H J\YYLU[ ZV\YJL� ;OL
TL[HS WV^KLY PZ [YHUZWVY[LK I` HU PULY[
NHZ� \Z\HSS` HYNVU ^P[O H W\YP[` VM H[ SLHZ[
  �  � �� ;OL L_JP[H[PVU VM [OL PULY[ NHZ PZ
HJOPL]LK I` HU HYJ KPZJOHYNL IL[^LLU [^V
LSLJ[YVKLZ ZWHJLK �¶��TT HWHY[� ;OL
LULYN` [OYLZOVSK PZ HJOPL]LK LP[OLY I` HW�
WS`PUN HU (* ]VS[HNL ^P[O SV^ MYLX\LUJ` VY
H +* ]VS[HNL� /V^L]LY� L_JP[H[PVU PZ WYLMLY�
HIS` I` TLHUZ VM H +* ]VS[HNL ZV\YJL� 0[
OHZ ILLU MV\UK [OH[ HYNVU ^VYRZ H[ L_�
[YLTLS` SV^ ]VS[HNL [V WYVK\JL [OL HYJ
KPZJOHYNL� ;OLYLMVYL� [OL LSLJ[YVKLZ MVY

NLULYH[PUN [OL HYJ KPZJOHYNL HYL JVUULJ[LK
[V H WV^LY ZV\YJL PU [OL YHUNL ��¶���(
^P[O H ]VS[HNL VM ��¶���=� ;OL SPTP[H[PVU VM
[OL ]VS[HNL WYL]LU[Z [OL TVSLJ\SHY JOHPUZ
VM [OL JVH[PUN TH[LYPHS MYVT ILPUN IYVRLU
JVTWSL[LS �̀ L]LU PM [OLYL PZ ]LY` SP[[SL JSLHY�
HUJL IL[^LLU [OL LSLJ[YVKLZ� 6U [OL VUL
OHUK� [OPZ PU[YVK\JLZ H ]LY` OPNO�LULYN`
WSHZTH� 6U [OL V[OLY OHUK� P[ LUHISLZ [OL
Z[HY[ VM [OL JOLTPJHS YLHJ[PVU PU [OL JVH[�
PUN TH[LYPHS� L�N� PU [OL WYLJ\YZVY� ;OL
PULY[ NHZ ÅV^ PZ [OLU MLK [V [OL UVaaSL ZV
[OH[ [OL WSHZTH [LTWLYH[\YL PU [OL HYJ PZ PU
[OL YHUNL VM �� ���¶�� ��� �* ^P[O H ÅV^
YHUNL VM �¶�� S/T� ;OL L_JS\ZPVU VM H[TV�
ZWOLYPJ V_`NLU ]PH [OL JHYYPLY NHZ WYL]LU[Z
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KPYLJ[ V_PKH[PVU VM [OL JVH[PUN TH[LYPHS PU
[OL WSHZTH QL[� ;OL JOLTPJHS YLHJ[PVU PZ
JVU[YVSSHISL L]LU ^P[O OPNO�LULYN` WSHZTH�
;OPZ THRLZ [OL WYVJLZZ WHY[PJ\SHYS` Z\P[HISL
MVY JVU[PU\V\Z PUK\Z[YPHS OPNO�ZWLLK JVH[�
PUN WYVJLZZLZ ^P[OV\[ JVTWYVTPZPUN [OL
HK]HU[HNLZ VM H[TVZWOLYPJ WYLZZ\YL� 5V[L
[OH[ [OL [LTWLYH[\YLZ VM [OL KLWVZP[LK
WHY[PJSLZ HYL YLK\JLK VU [OLPY ^H` ILMVYL
YLHJOPUN [OL JHYYPLY Z\IZ[YH[L ^P[OV\[ JH\Z�
PUN HU` [OLYTHS KHTHNL [V [OL Z\YMHJL�

;OL VW[PVUZ MVY [OL JVH[PUN TH[LYPHSZ PU�
JS\KL H ^PKL YHUNL VM VYNHUPJ�TL[HSSPJ ZPU�
NSL HUK JVTIPULK JVTWV\UKZ� 0U WHY[PJ�
\SHY� JVWWLY HUK aPUJ TP_LK JVTWV\UKZ
JHU JV]LY THU` YLX\PYLTLU[Z PU [OL -7*
3,+ TVK\SL PUK\Z[Y �̀ ;OL JOVPJL VM JVH[�
PUN TH[LYPHS PZ HS^H`Z YLSH[LK [V KLZPYLK
ZWLJPÄJH[PVUZ�

2QH 7HFKQRORJ\� 7ZR
:D\V

/PNO ]VS\TL WYVK\J[PVU PZ VW[PTPaLK [V
HJOPL]L H YV[H[PUN JVH[PUN ZWLLK PU [OL
YHUNL VM �������� TT�Z� -\Y[OLYTVYL�
[^V KPMMLYLU[ WYVK\J[PVU TL[OVKZ JHU IL
KPZ[PUN\PZOLK KLWLUKPUN VU [OL JVYL [LJO�
UVSVN` HUK JHYYPLY Z\IZ[YH[L�

0U [OL ÄYZ[ TL[OVK� [OL JHYYPLY Z\IZ[YH[LZ
HYL \Z\HSS` THKL VM SV^�JVZ[ WVS`TLY ÄSTZ
L�N� 7,;� 7,5� 70 ^P[O H [OPJRULZZ PU [OL
YHUNL VM ��¶��� �T� 5L_[� [OL IHZL TH�
[LYPHS PZ LTILKKLK [V HU HS\TPU\T MVPS ^P[O
H [OPJRULZZ PU [OL YHUNL VM ���¶��� �T�
;OLU� [OL ^PYPUN Z[Y\J[\YL VM [OL -7* PZ
WYVK\JLK PU ^L[ JOLTPJHS L[JOPUN Z[LWZ�
5V[L [OH[ [OL HS\TPU\T PZ UV[ Z\P[HISL
MVY [OL ZVSKLYPUN WYVJLZZ ^OPJO PZ ^OLYL
ZJHSHISL H[TVZWOLYPJ WSHZTH TL[HSSPaH[PVU
JVTLZ PU[V [OL WSH` PU VYKLY [V WHZZP]H[L
[OL Z\YMHJL ]PH [OL JVWWLY TPJYV�WHY[PJSLZ�
/V^L]LY� H ZVSKLY THZR T\Z[ IL HWWSPLK
[V [OL Z\YMHJL ILMVYL WSHZTH TL[HSSPaH[PVU
[V LUZ\YL [OL HKOLZPVU VM [OL JVWWLY SH`LY
VUS` PU [OL KLZPYLK HYLH� *VUZLX\LU[S �̀ [OL
-7* 3,+ TVK\SLZ JHU IL HZZLTISLK ]PH
[OL M\SS` H\[VTH[LK YLLS�[V�YLLS WYVK\J[PVU
SPUL�

0U [OL ZLJVUK WYVJLZZ� [OL IHZL TH[L�
YPHS JHU IL WYVK\JLK MYVT WVS`TLY ÄSTZ�
L�N� 7,;� 70� 7,5� HUK WHWLY ^P[O H [OPJR�
ULZZ PU [OL YHUNL VM ��¶��� �T� 5L_[� [OL
^PYPUN VM [OL JPYJ\P[ PZ WYPU[LK VU [OL IHZL
TH[LYPHS ^P[O JVUK\J[P]L HKOLZP]L PUR� \Z\�
HSS` ZPS]LY PUR ]PH KPNP[HS WYPU[PUN� (M[LY [OPZ
Z[LW� [OL ZVSKLY THZR PZ JVUK\J[LK [V [OL
ÄSTZ ^P[O YL[HPUPUN VWLUPUNZ MVY [OL WSHZTH
TL[HSSPaH[PVU PU VYKLY [V KLWVZP[ H JVW�
WLY SH`LY ^P[O H [OPJRULZZ VM ��¶�� �T� 0[
ZOV\SK IL UV[LK [OH[ PU [OPZ HWWSPJH[PVU H
SH`LY VM VUS` �� �T HSYLHK` LUZ\YLZ L_JLS�

SLU[ ZVSKLYPUN VM [OL Z`Z[LT� ;OL M\Y[OLY
WYVJLK\YLZ HYL [OL ZHTL HZ TLU[PVULK
PU [OL ÄYZ[ TL[OVK� IV[O ^H`Z HYL ZOV^U
ZJOLTH[PJHSS` PU )LJXUH ��

5HVXOWV DQG 'LVFXVVLRQ
;OL PU]LZ[PNH[PVUZ HUK HUHS`ZPZ VM [OL TL[�
HSSVNYHWO` ^LYL JHYYPLK V\[ VU YHUKVT
ZHTWSLZ HM[LY THZZ WYVK\J[PVU� )LJXUH �H
ZOV^Z HU VW[PJHS PTHNL MVY [OL -7* IL�
MVYL HZZLTIS �̀ ;OL IHZL TH[LYPHS ^HZ H
�� �T 70 ^P[O H JVTIPULK HS\TPUP\T SH`LY
VM HWWYV_� ��� �T� (U PTHNL VM [OL 3,+Z
ILMVYL WYVJLZZPUN PZ ZOV^U PU )LJXUH �I�
(STVZ[ HU` [`WL VM 3,+ JHU IL \ZLK ^P[O
[OPZ [LJOUVSVN �̀ [OLYL HYL UV SPTP[H[PVUZ `L[�
;OL ?�YH` PTHNL PU )LJXUH �J ZOV^Z H ]LY`
[PU` MYHJ[PVU VM [OL \UKLYZPKL VM [OL 3,+
HZ H JH]P[` PU [OL ZVSKLYPUN TH[LYPHS� ^OPJO
]HYPLZ PU [OL YHUNL VM ���� KLWLUKPUN VU
[OL TLHZ\YLK WVZP[PVU� ;OL ÄUHS Z[Y\J[\YL

-PN\YL �! (U VW[PJHS PTHNL VM [OL ÄUHS
WSHZTH�TL[HSSPaLK -7* �H� ILMVYL
YLLS�[V�YLLS HZZLTIS �̀ (U VW[PJHS PTHNL
VM [OL [VW HUK IV[[VT VM [OL 3,+ �I�
ILMVYL HZZLTIS �̀ (U ?�YH` PTHNL VM HU
HZZLTISLK 3,+ �J� ZOV^PUN H ]VPK YH[PV
PU [OL YHUNL VM ����� ^OPJO PZ HU
L_JLSSLU[ YLZ\S[

VM -7* NLULYHSS` JVUZPZ[Z VM [OL MVSSV^PUN
THPU SH`LYZ MYVT IV[[VT [V [VW! [OL IHZL

TH[LYPHS� ^OPJO JHU IL HSTVZ[ HU` ÅL_P�
ISL TH[LYPHS� L�N� 7,;� 7,5� 70 WHWLY� ;OL
ZLJVUK SH`LY JHU IL LP[OLY H JVUK\J[P]L
HKOLZP]L WHPU[� L�N� ZPS]LY� VY HU HS\TPUP\T
ZOLL[� KLWLUKPUN VU [OL TL[OVK� -PUHSS �̀
KLWLUKPUN VU [OL Z[Y\J[\YL� [OL WYL]PV\Z
VUL PZ JVH[LK LP[OLY ^P[O JVWWLY ÄST ]PH
WSHZTH TL[HSSPaH[PVU VY ^P[O HU PUZ\SH[PUN
WYV[LJ[P]L THZR� HZ ZOV^U ZJOLTH[PJHSS`
PU )LJXUH �H� *YVZZ ZLJ[PVUZ VM [OL WYV�
K\JLK JVTIPULK -7* ^P[OV\[ HUK ^P[O
3,+ ^LYL THKL [V PU]LZ[PNH[L [OL ÄSTZ�
;OL KPMMLYLU[ SH`LYZ HYL JSLHYS` ]PZPISL HUK
ZWYLHK JVU[PU\V\ZS` V]LY [OL LU[PYL Z\Y�
MHJL� -\Y[OLYTVYL� [OL ZVSKLYPUN TH[LYPHS PZ
OVTVNLULV\ZS` KPZ[YPI\[LK VU [OL TL[HS�
SPaLK JVWWLY� ^OPJO PZ ]LY` LZZLU[PHS MVY [OL
[OLYTHS THUHNLTLU[ VM [OL ÅL_PISL 3,+ S\�
TPUHPYLZ� HZ ZOV^U PU )LJXUH �I� /V^ [OL
JHZL ^PSS JOHUNL HM[LY TV\U[PUN ^P[O 3,+
PZ ZOV^U PU )LJXUH �J� 5V ]VPKZ HYL ]PZPISL
H[ [OL PU[LYMHJL IL[^LLU [OL 3,+ WHKZ� [OL
TL[HSSPaLK JVWWLY HUK [OL ZVSKLY� ( TVYL
KL[HPSLK ]PL^ VM [OL PU[LYMHJL IL[^LLU [OL
ZVSKLY HUK [OL TL[HSSPaLK JVWWLY PZ ZOV^U
PU )LJXUH �K�

;OL Z`Z[LTZ VM [OL JVTIPULK SH`LYZ WYV�
K\JLK ]PH [OPZ [LJOUVSVN` V]LYJVTL [OL
JOHSSLUNLZ VM TPZTH[JO PU [OL SH[[PJL JVU�
Z[HU[ HUK KHUNSPUN IVUKZ VU [OL Z\YMHJL
HUK LUHISL YLSPHISL ÅL_PISL S\TPUHPYLZ� 0U
HKKP[PVU� [OL UL^ Z[H[L�VM�[OL�HY[ [LJOUVS�
VN` LUHISLZ H ]HYPL[` VM UL^ JVTIPUH[PVUZ
IHZLK VU WYPU[LK LSLJ[YVUPJZ� ^OPJO JHU IL
\ZLK MVY 3,+ HWWSPJH[PVUZ PU THU` HYLHZ�
Z\JO HZ PU WVY[HISL SPNO[ [OLYHW �̀ 7SLHZL
UV[L [OH[ [OLYL PZ Z[PSS H JVU[PU\V\Z WYVNYLZZ
MVY PU[LSSPNLU[ UL^ ZVS\[PVUZ H]HPSHISL ]PH [OPZ
[LJOUVSVN` MVY VMMLYPUN M\Y[OLY [LJOUPJHS HUK
LJVUVTPJHS HK]HU[HNLZ�

/HVVRQV /HDUQHG
( JSVZL JVVWLYH[PVU ^P[O WHY[ULYZ� HSSV^LK
H Z\JJLZZM\S PTWSLTLU[H[PVU VM H ZLYPHS
WYVK\J[PVU SPUL MVY WSHZTH TL[HSSPaH[PVU VM
ÅL_PISL 3,+ SPNO[PUN HWWSPJH[PVUZ� ;OL HK�
]HUJLK [LJOUVSVN` PZ IHZLK VU WSHZTH
TL[HSSPaH[PVU H[ H[TVZWOLYPJ WYLZZ\YL ^OPSL
THPU[HPUPUN H OPNO JVH[PUN ZWLLK H[ H [LT�
WLYH[\YL VM SLZZ [OHU ���*� 0[ OHZ [^V KPM�
MLYLU[ ZLX\LUJLZ" [OL ÄYZ[ YLX\PYLZ [OL \ZL
VM HU HKOLZP]L SH`LY VU [OL Z\IZ[YH[L� L�N�
ZPS]LY VU [OL Z\IZ[YH[LZ� ;OPZ Z[HNL LUZ\YLZ
[OL WYVK\J[PVU VM H YLSPHISL TL[HSSPJ JVH[�
PUN SH`LY� ;OL SH`LYZ HYL ZVSKLYHISL� ;O\Z�
HU` ÅL_PISL Z\IZ[YH[L JHU ILJVTL ÅL_PISL
LSLJ[YVUPJ JPYJ\P[Z HUK JHU IL HZZLTISLK
^P[O LSLJ[YVUPJ JVTWVULU[Z PUJS\KPUN [OL
[OLYTHSS` JYP[PJHS Z\IZ[YH[L� ;OL V[OLY VUL
PZ IHZLK VU H WVS`TLY�IHZLK TH[LYPHS HW�
WSPLK [V HS\TPUP\T MVPSZ� ^OPJO HYL [OLU
Z[Y\J[\YLK PU[V [OL ^PYPUN MVY [OL LSLJ[YPJHS
JPYJ\P[� -PUHSS �̀ [OL WSHZTH TL[HSSPaH[PVU PZ
JVUK\J[LK [V [OL Z`Z[LT�



-PN\YL �! ;OL ZJOLTL �H� YV\NOS` PSS\Z[YH[LZ [OL JYVZZ�ZLJ[PVUHS Z[Y\J[\YL VM [OL ÄUHS SH`LYZ
VI[HPULK HM[LY H[TVZWOLYPJ WSHZTH TL[HSSPaH[PVU� 4PJYVZJVWPJ PTHNL VM [OL JYVZZ�ZLJ[PVU
VM [OL ÄUPZOLK TL[HSSPaLK -7* �I� ^P[O H KYVW VM ZVSKLYPUN WHZ[L VU [VW� 0[ ZOV^Z [OL
WLYMLJ[ PU[LYMHJL IL[^LLU [OL TL[HSSPaLK JVWWLY HUK [OL ZVSKLYPUN WHZ[L� 4PJYVZJVWPJ
PTHNL VM [OL JYVZZ�ZLJ[PVU VM [OL HZZLTISLK 3,+ �J� VU [OL [VW VM [OL WSHZTH�TL[HSSPaLK
-7*" UV[L [OH[ [OL MVJ\Z PU [OPZ PTHNL PZ VU [OL PU[LYMHJL IL[^LLU [OL TL[HSSPaLK JVWWLY
SH`LY HUK [OL IHZL TH[LYPHS HZ ^LSS HZ [OL ZVSKLYPUN WHZ[L HM[LY [OL WYVK\J[PVU Z[LWZ HYL
JVTWSL[LK� ;OL KL[HPSLK TPJYVZJVWPJ PTHNL VM [OL JYVZZ ZLJ[PVU �K� ZOV^Z VUS` [OL
V]LYSHW IL[^LLU [OL TL[HSSPaLK JVWWLY HUK [OL ZVSKLYPUN WHZ[L� 0[ PZ JSLHYS` ]PZPISL [OH[
[OLYL PZ UV KPZJVU[PU\P[` IL[^LLU [OL [^V SH`LYZ
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&RQFOXVLRQ DQG 2XWORRN
)V[O [`WLZ VM KLZPNU VMMLY UL^ VWWVY[\�
UP[PLZ [V THRL J\YYLU[ SPNO[PUN Z`Z[LTZ
TVYL HK]HU[HNLV\Z� Z\JO HZ YLK\JPUN [OL
SVNPZ[PJHS JVZ[Z VM WYVK\J[PVU PU ,\YVWL�
0U HKKP[PVU� [OL KLWVZP[LK TL[HSSPJ SH`LYZ
OH]L L_JLSSLU[ OVTVNLULP[` HUK THPU[HPU
YLSPHISL YLWYVK\JPIPSP[` L]LU PU SHYNL ZJHSL
WYVJLZZLZ� ;OL PUUV]H[PVUZ PU 3,+ HWWSP�
JH[PVUZ IHZLK VU [OPZ [LJOUVSVN` HYL [VV
U\TLYV\Z [V SPZ[ OLYL� ;OL NVHS MVY [OL ULHY
M\[\YL PZ [V L_WHUK HUK NYV^ [OL J\YYLU[

I\ZPULZZ JVU[PU\V\ZS �̀ HUK [V JYLH[L T\JO
TVYL L_JP[PUN 3,+ WYVK\J[Z [OH[ JHU WLY�
MVYT L_JLZZP]L \ZLM\S M\UJ[PVUZ� "

5HIHUHQFHV

B�D 4LUUV :JOHRLS� 3,+ PUUV]H[PVUZ MVY [OL
PTWYV]LTLU[ VM /*3 3\TPUHYPLZ� 3W9 ��
WHNL ������ ����

B�D 4HYJ 1\HYLa� /V^ [V 0TWSLTLU[ [OL 3H[�
LZ[ 3,+ ;LJOUVSVN` MVY H :\JJLZZM\S (WWSP�
JH[PVU� 3W9 �� WHNL ������ ����

$%287 7+( $87+25

<DVHU +$-�+0(,',! @HZLY PZ H NYHK\H[L
WO`ZPJPZ[ ^P[O H THZ[LY»Z KLNYLL PU ZLTP�
JVUK\J[VY WO`ZPJZ ^P[O H MVJ\Z VU SPNO[�
LTP[[PUN KL]PJLZ� /L HSZV OVSKZ H THZ[LY»Z
KLNYLL PU LSLJ[YPJHS LUNPULLYPUN�VW[VLSLJ�
[YVUPJZ� /PZ [OLVYL[PJHS RUV^SLKNL HUK
L_[LUZP]L L_WLYPLUJL HYL OPZ L_JLSSLU[ [VVSZ
MVY JVTWYLOLUZP]L Z\WWVY[ PU J\YYLU[ HUK
M\[\YL WYVQLJ[Z� (WWSPJH[PVUZ ]HY` MYVT PU�
KVVY� V\[KVVY HUK PUK\Z[YPHS SPNO[PUN� 3PNO[
PZ H ]LY` WV^LYM\S UH[\YHS WOLUVTLUVU HUK
P[Z WO`ZPJZ Z[PSS VMMLY THU` HK]HU[HNLZ [OH[
ULLK [V IL YLZLHYJOLK HUK L_WSVP[LK�



3PNO[PUN *VU[YVSZ ¶ -\[\YLWYVVÄUN
HUK 6WLU :[HUKHYKZ 3LHK [OL >H`
;OL THYRL[ MVY ZTHY[ SPNO[PUN HUK JVUULJ[LK JVU[YVSZ PZ NYV^PUN H[
H NVVK ZWLLK HUK ^PSS JVU[PU\L [V KV ZV PU [OL MVYLZLLHISL M\[\YL�
/V^L]LY� NYV^[O JV\SK HS^H`Z IL OPNOLY� 7rS 2HYSZLU� 9LZLHYJO
(UHS`Z[ MVY 3PNO[PUN ;LJOUVSVN` H[ 6TKPH� ZOV^Z [OH[ H JVUZJPV\Z
Z[YH[LN` VM M\[\YLWYVVÄUN JHU OLSW YLK\JL YPZR WLYJLW[PVU HTVUN
I\`LYZ HUK ZLJ\YL JVU[YHJ[Z� 9LZLHYJO Z\NNLZ[Z [OH[ SPNO[PUN
JVU[YVS WYV[VJVSZ PZ ]PL^LK HU LZZLU[PHS JVTWVULU[ PU
M\[\YLWYVVÄUN� -\Y[OLYTVYL� 6TKPH MVYLJHZ[Z ZH` [OH[ ]HYPV\Z
VWLU WYV[VJVSZ ^PSS ILJVTL NYV^[O ^PUULYZ V]LY [OL UL_[ JV\WSL VM
`LHYZ�
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7
+( JOREDO PDUNHW IRU VPDUW OLJKW�
LQJ DQG FRQQHFWHG FRQWUROV LV HV�
WLPDWHG WR KDYH EHHQ DW 86' ����

ELOOLRQ LQ ����� 7KLV LV H[SHFWHG WR KDYH
PRUH WKDQ GRXEOHG E\ ����� $YHUDJH
VDOHV SULFHV DUH H[SHFWHG WR FRQWLQXH
WR JR GRZQ� EXW WKLV DOVR PHDQV WKDW
YROXPH LV JRLQJ VWURQJO\ XS� &XVWRPHUV
DUH VWLOO FKDVLQJ IXUWKHU HQHUJ\ VDYLQJ
JDLQV DQG DUH VWDUWLQJ WR VHH RSSRUWXQL�
WLHV IRU LQFUHDVHG UHYHQXH� FRPIRUW DQG
SURGXFWLYLW\ WKURXJK OLJKWLQJ� /LJKWLQJ
LQVWDOODWLRQV FDQ QRZ HYHQ EHFRPH D
UHYHQXH JHQHUDWRU IRU WKH EX\LQJ HQWLW\�

7KH UHVLGHQWLDO VHJPHQW LV H[SHFWHG WR
FRQWLQXH WR VKRZ VWURQJ JURZWK QXP�
EHUV� (QG XVHUV WKHUH DUH QRZ VHHLQJ
WKH SRVVLELOLW\ RI UHGXFHG HQWU\ EDUUL�
HUV WKURXJK WKH H[SHFWHG GHPLVH RI WKH
OLJKWLQJ�VSHFLðF KXE�EULGJHV DQG FDQ
FRQQHFW WKH OLJKW VRXUFHV GLUHFWO\ WR GH�
YLFHV VXFK DV WKHLU VPDUW VSHDNHU RU
VLPLODU� 7KLV PDNHV LW HYHQ HDVLHU IRU
FXVWRPHUV WR FUHDWH VPDUW KRPHV DQG
WDNH WKLV LQWR WKH PDVV PDUNHW�

'HPDQG IRU VPDUW VWUHHW OLJKWLQJ LV DOVR
H[SHFWHG WR VHH VLJQLðFDQW GHPDQG
IRU VPDUW FLW\ SURMHFWV� 7KH FRPPHU�
FLDO PDUNHW LV DOVR H[SDQGLQJ DW D JRRG
SDFH� /LJKWLQJ FRQWUROV DELOLW\ WR KHOS
HQHUJ\ VDYLQJ LV D UHFRJQL]HG WUXWK DQG
ZH DUH VHHLQJ SURPLVH LQ YHUWLFDOV VXFK
DV UHWDLO� HGXFDWLRQ DQG KHDOWKFDUH� (G�
XFDWLRQ DQG LQGXVWU\ NQRZOHGJH DUH LQ�
FUHDVLQJ� DQG WKLV LV DQ LPSRUWDQW GULYHU
IRU WKH SHQHWUDWLRQ RI OLJKWLQJ FRQWURO
V\VWHPV�

6PDUW /LJKWLQJ 0DUNHW

;OL THYRL[ V\[SVVR PZ KHTWLULK I` I\`LYZ
^OV HYL OLZP[HU[ [V I\` L_WLUZP]L LX\PW�
TLU[ [OH[ TPNO[ IL V\[KH[LK PU H ML^ `LHYZ
HUK PM [OL ZLSSLY ^PSS Z[PSS IL PU I\ZPULZZ I`
[OH[ WVPU[� 9LZLHYJO ZOV^Z [OH[ M\[\YL�
WYVVÄUN JHU IL H NYLH[ ^H` VM ZOV^PUN
I\`LYZ [OL` JHU ULNH[L [OLZL YPZRZ� 6UL
VM [OL ^H`Z VM M\[\YL�WYVVÄUN PZ [V JOVVZL
WVW\SHY VWLU WYV[VJVSZ [OH[ OH]L [OL WVZ�
ZPIPSP[` VM JHWHJP[PLZ MVY [OL M\[\YL�

6WLU WYV[VJVSZ HYL \Z\HSS` IHJRLK HUK KL�
]LSVWLK I` [OL PUK\Z[Y` HUK YLWYLZLU[H[P]LZ
MVY [OL ^PKLY Z`Z[LT VM Z[HRLOVSKLYZ� ;OL
MHJ[ [OH[ [OL` HYL TVYL VY SLZZ VWLU [V \ZL
OLSWZ H ^PKL ]HYPL[` VM HJ[VYZ JVTL PU HUK
SH\UJO [OLPY ZVS\[PVUZ HUK PUUV]H[PVUZ PU
H ^H` [OH[ PZ KYP]PUN [OL THYRL[ MVY^HYK�
0[ HSZV TLHUZ P[»Z LHZPLY [V OH]L V[OLY HJ�
[VYZ JVTL PU HUK \ZL L_PZ[PUN PUMYHZ[Y\J[\YL
^OLU \WNYHKLZ HYL ULLKLK�

)XWXUHSURRðQJ DV D
6DOHV $UJXPHQW

>P[O [OL JVU[PU\PUN YL]VS\[PVUZ VM 3,+�
0V;� :THY[ /VTL� �. L[J�� J\Z[VTLYZ HYL
SVVRPUN MVY LX\PWTLU[ ^P[O SVUN SPML[PTLZ
HUK THU` YHWPKS` KL]LSVWPUN [LJOUVSVNPLZ
PU [OL Z[HY[ WOHZL ^P[O \UJLY[HPU M\[\YLZ�
;OL PUK\Z[Y` PZ HSZV ILJVTPUN L]LY TVYL
MYHNTLU[LK� ;OPZ WVZLZ YPZRZ MVY IPN HUK
PTWVY[HU[ PU]LZ[TLU[Z ^P[O SVUN JVU[YHJ[
[PTLZ� 4HU` KLJPZPVU THRLYZ HYL YPZR�
H]LYZL HUK HSZV UV[ [LJOUVSVN` L_WLY[Z�

HUK YLZLHYJO ZOV^Z M\[\YLWYVVÄUN IL�
JVTLZ HU PTWVY[HU[ ZHSLZ HYN\TLU[�

( YLJLU[ YLWVY[ PU[V [OL ÄUHUJPUN VM ZTHY[
JP[` WYVQLJ[Z OHZ JY`Z[HSSPaLK [OPZ HYN\TLU[
PU [OL JHZL VM W\ISPJ ZLJ[VY I\`LYZ� I\[ [OPZ
PZ HSZV H NLULYHS WLYJLW[PVU MVY THU` [`WLZ
VM I\`LYZ� 0[ PZ UV[ Q\Z[ [LJOUVSVNPJHS \U�
JLY[HPU[PLZ [OH[ WSH` PU� I\[ HSZV X\LZ[PVUZ
VM ^OL[OLY JVTWHUPLZ JHU M\SÄS [OLPY VISP�
NH[PVUZ PU Z\JO H SVUN [PTL� 7YVJ\YLTLU[
JVU[YHJ[Z JHU IL �� `LHYZ SVUN� *\Z[VTLYZ
HSZV ^VYY` HIV\[ ]LUKVY HUK [LJOUVSVN`
SVJR�PU� ;OL` ^HU[ [V LUZ\YL [OL` ^VU»[
PU]LZ[ PU [LJOUVSVN` [OH[ PZ X\PJRS` Z\WLY�
ZLKLK� 6WLU WYV[VJVSZ ^P[O HU LJV�Z`Z[LT
Z\YYV\UKPUN [OL [LJOUVSVN` PZ H ^H` VM HZ�
Z\YPUN [OL H]HPSHIPSP[` VM Z\IZ[P[\[L Z\WWSPLYZ
ZOV\SK [OL \UMVY[\UH[L OHWWLU HUK [OL
JVU[YHJ[ Z\WWSPLY NVLZ V\[ VM I\ZPULZZ�

:\WWSPLYZ JHU HSZV YLK\JL YPZR [OYV\NO PU�
UV]H[P]L I\ZPULZZ TVKLSZ� *V\UJPSZ HUK
HU` W\ISPJ ZLJ[VY NYV\WZ HYL ]LY` YPZR HK�
]LYZL� :\JJLZZ KLWLUKZ VU YLTV]PUN HZ
T\JO YPZR HZ WVZZPISL HUK ILPUN ]LY` JSLHY
VU [OL YL[\YU VU PU]LZ[TLU[ VY YLK\JPUN
\WMYVU[ JVZ[ [V [OL JP[ �̀ 6M[LU [OVZL THRPUN
[OL M\UKPUN KLJPZPVUZ HYL UV[ [LJOUVSVN`
L_WLY[Z� -\[\YLWYVVÄUN HUK H JSLHY I\ZP�
ULZZ JHZL OLSW YLK\JL [OL YPZR VM PU]LZ[�
TLU[�

7KH 5ROH RI /LJKWLQJ
&RQWUROV
>P[O [OL KPNP[HSPaH[PVU VM J\YYLU[ THPU�
Z[YLHT SPNO[PUN JVU[YVS Z`Z[LTZ� JVT�
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T\UPJH[PVU WYV[VJVSZ HYL ILJVTPUN [OL
IHJRIVUL VM HK]HUJLK SPNO[PUN JVU[YVS UL[�
^VYRZ� ( Z\P[HISL WYV[VJVS UV[ VUS` LUZ\YLZ
[OL LMÄJPLUJ` HUK PU[LYVWLYHIPSP[` VM [OL J\Y�
YLU[ KL]PJLZ PU [OL UL[^VYR� I\[ HSZV ZOV\SK
IL M\[\YL WYVVM� ^OPJO TLHUZ [OH[ ^OLU [OL
SPNO[PUN Z`Z[LT PZ MHJPUN UL^ [LJOUVSVN`
\WNYHKLZ PU [OL M\[\YL� [OL WYV[VJVS ZOV\SK
IL Z[PSS JVTWH[PISL HZ T\JO HZ WVZZPISL HUK
\WKH[L JVZ[ ZOV\SK IL TPUPTPaLK� 3PNO[PUN
Z`Z[LTZ HYL UV SVUNLY Z[HUKHSVUL� I\[ \Z\�
HSS` PU[LNYH[LK PU[V I\PSKPUN THUHNLTLU[
Z`Z[LTZ HUK JVUULJ[LK [V [OL PU[LYUL[�
4VYL YLX\PYLTLU[Z HUK YLN\SH[PVUZ ^V\SK
IL ULLKLK MVY KH[H ZLJ\YP[ �̀ PU[LYVWLYHIPS�
P[ �̀ HUK [YHUZTPZZPVU ZWLLK�

>PYLK ZVS\[PVUZ OH]L OPZ[VYPJHSS` ILLU [OL
Z[HUKHYK ZVS\[PVU MVY TVZ[ SPNO[PUN JVU[YVS
Z`Z[LTZ� /V^L]LY� PUZ[HSSPUN ZVTL ^PYLSLZZ
Z`Z[LTZ JHU VMMLY ZVTL ILULÄ[Z V]LY ^PYLK
LX\P]HSLU[Z� -VY L_HTWSL� [OL PUZ[HSSH[PVU
[PTL HUK JVZ[ JHU VM[LU IL YLK\JLK IL�
JH\ZL PUZ[HSSLYZ KV UV[ OH]L [V Y\U JHISLZ�
;OL LHZ` PUZ[HSSH[PVU VM ^PYLSLZZ SPNO[PUN
JVU[YVS L]LU LUJV\YHNLZ +0@ PUZ[HSSH[PVU
HUK JVUÄN\YH[PVU I` V^ULYZ�

6UJL H SPNO[PUN UL[^VYR PZ MVYTLK HUK YL�
X\PYLZ M\[\YL L_WLUKHIPSP[` MVY H\[VTH[PVU
WHY[Z Z\JO HZ ZLUZVYZ� H ^PYLSLZZ UL[^VYR
JHU VMMLY [OL ÅL_PIPSP[` [V L_[LUK [OL UL[�
^VYR PU [OL M\[\YL� (S[OV\NO ZVTL JVT�
TLYJPHS HWWSPJH[PVUZ VM ^PYLSLZZ JVU[YVSZ
SLHK [V JVUJLYUZ HIV\[ ZLJ\YP[` VY PU[LY�
MLYLUJL� V[OLYZ HYL [HRPUN \W [OPZ [LJOUVS�
VN` X\P[L X\PJRS �̀ WHY[PJ\SHYS` [OVZL ^P[O
SP[[SL UL^ JVUZ[Y\J[PVU HUK THU` OHYK�[V�
HJJLZZ HYLHZ� MVY L_HTWSL� PUK\Z[YPHS�THU�
\MHJ[\YPUN HUK ^HYLOV\ZL�Z[VYHNL HWWSPJH�
[PVUZ�

(S[OV\NO [OLYL HYL ILULÄ[Z MYVT H JVT�
WSL[LS` ^PYLSLZZ Z`Z[LT� [OL ]HS\L WYVWVZP�
[PVU VM JVTT\UPJH[PUN ^PYLSLZZS` IL[^LLU
JVU[YVSSLYZ PZ UV[ HZ NYLH[ HZ ^PYLSLZZ JVT�
T\UPJH[PVU [V ÄLSK�SL]LS LX\PWTLU[ PUJS\K�
PUN Z^P[JOLZ HUK ZLUZVYZ� *VTT\UPJH[PVU
IL[^LLU JLU[YHS JVU[YVSSLYZ HSZV [`WPJHSS`
OHZ H OPNOLY IHUK^PK[O YLX\PYLTLU[� ^OPJO
YLX\PYLZ NYLH[LY WV^LY HUK PZ Z\IQLJ[ [V
NYLH[LY PU[LYMLYLUJL� I\[ ÄLSK�SL]LS ^PYLSLZZ
JVTT\UPJH[PVUZ [V S\TPUHPYLZ� ZLUZVYZ�
HUK Z^P[JOLZ HYL TVYL JVTTVUS` SV^
WV^LY HUK SV^ IHUK^PK[O� +\L [V [OLZL
YLX\PYLTLU[Z� ÄLSK�SL]LS KL]PJLZ HYL VM�
[LU VU H ZLSM�OLHSPUN TLZO UL[^VYR� ^OLYL
LHJO KL]PJL IV[O [YHUZTP[Z HUK YLJLP]LZ
KH[H� SLHKPUN [V SVUNLY YHUNLZ HUK NYLH[LY
YLK\UKHUJ �̀

:PTPSHY [V O\THU SHUN\HNLZ� LMÄJPLU[ HUK
JVTWL[P[P]L JVUULJ[P]P[` WYV[VJVSZ [OLYL�
MVYL OH]L ILLU KL]LSVWLK [V HSSV^ KL]PJL
[V KL]PJL JVTT\UPJH[PVU HUK OPNOLY�SL]LS
HWWSPJH[PVU J\Z[VTPaH[PVUZ� >P[O [OL YHWPK

NYV^[O VM 0U[LYUL[ VM ;OPUNZ �0V;� [LJOUVSV�
NPLZ� TVYL HUK TVYL UL^ WYV[VJVSZ MVY
SPNO[PUN OH]L ILLU PU[YVK\JLK� HUK L_PZ[�
PUN WYV[VJVSZ HYL JVU[PU\V\ZS` \WNYHKLK [V
RLLW \W ^P[O [OL WHJL VM HWWSPJH[PVU PUUV�
]H[PVUZ� H ^LSS�KLZPNULK M\[\YL WYVVM WYV�
[VJVS JHU IL H Z[YVUN KYP]PUN MVYJL ILOPUK
[OL KL]LSVWTLU[ VM ZTHY[ HUK JVUULJ[LK
SPNO[PUN PUK\Z[Y �̀ ;OLZL WYV[VJVSZ� UV TH[�
[LY PM VSK VY UL �̂ JHU IL KPZ[PUN\PZOLK I`
[OLPY IHZPJ WO`ZPJHS SH`LY! >PYLK WYV[VJVSZ
HUK ^PYLSLZZ WYV[VJVSZ� VY I` [OL [`WLZ VM
[YHUZTP[[PUN ZPNUHSZ! (UHSVN WYV[VJVSZ HUK
KPNP[HS WYV[VJVSZ�

7KH 5ROH RI /LJKWLQJ
&RQWURO 3URWRFROV
(UHSVN\L JVU[YVSZ HYL JOLHW HUK ]LY` LHZ`
[V \ZL HUK ZL[ \W� ;OL` OH]L ILLU HYV\UK
ZPUJL [OL PUJHUKLZJLU[ HNL HUK PUZ[HSSLYZ
HYL MHTPSPHY ^P[O [OLT� 7YV[VJVSZ SPRL ��
��=�����= HYL JVTWH[PISL ^P[O 3,+� Å\�
VYLZJLU[ HUK PUJHUKLZJLU[ SHTWZ� I\[
[OL ºZTHY[» YLX\PYLTLU[Z SPRL JVSV\Y [LT�
WLYH[\YL [\UPUN� PUKP]PK\HS Ä_[\YL JVU[YVS
HUK PU[LNYH[PVU ^P[O ]HYPV\Z ZLUZVYZ OHZ
THKL KPNP[HS JVU[YVSZ H ULJLZZP[ �̀ 0U [OPZ
^H` SPNO[Z JHU IL JVU[YVSSLK [V HJ[ VU JVT�
THUKZ HJJVYKPUN [V SVNPJ KL[LYTPULK I`
\ZLYZ� ^OPJO PZ KL]LSVWLK VU [OL IHZPZ VM
SPNO[PUN LYNVUVTPJZ� ;O\Z� SPNO[PUN Z`Z�
[LTZ JHU PTWYV]L LULYN` WLYMVYTHUJL HUK
PTWYV]L WLVWSL»Z JVTMVY[�

9LZLHYJO ZOV^Z [OH[ +(30 PZ [OL SHYNLZ[
^PYLK KPNP[HS VWLU WYV[VJVS PU [OL ^VYSK MVY
SPNO[PUN� ;OPZ PZ WHY[PJ\SHYS` K\L [V H Z[YVUN
WYLZLUJL PU ,\YVWL� +(30 VUS` YLX\PYLZ
VUL ZPUNSL JHISL ^P[O H [^V�^H` ZPNUHS
^OLYL KL]PJLZ JHU JVTT\UPJH[L ^P[O LHJO
V[OLY� ;OPZ KLJYLHZLZ [OL ULLK MVY H JLU�
[YHS JVU[YVSSPUN KL]PJL� @V\ KV UV[ OH]L [V
YLWSHJL [OL JHISPUN PM `V\ ^HU[ [V JOHUNL
[OL SPNO[PUN PU H YVVT� HSSV^PUN MVY ÅL_PIPSP[`
MVY M\[\YL KLTHUKZ� ;OL ºI\Z» [VWVSVN` VM
[OL WYV[VJVS JHU LHZPS` IL PU[LNYH[LK PU[V
V[OLY [VWVSVNPLZ Z\JO HZ ºZ[HY» HUK ºTLZO»�
+(30 YLSLHZLK HU \WKH[LK ]LYZPVU VM [OL
WYV[VJVS PU ���� JHSSLK +(30��� ;OPZ OHZ
SHPK [OL NYV\UK^VYR MVY [OL JVU[PU\LK Z\J�
JLZZ VM [OL +(30 WYV[VJVS� +(30�� PZ IL[�
[LY Z\P[LK MVY Z`Z[LTZ ^P[O JVSV\Y�[\UPUN�
KH`SPNO[ OHY]LZ[PUN HUK T\S[P�WSH[MVYT JVT�
WH[PIPSP[ �̀ 0[ PZ VM[LU JVTIPULK ^P[O )\PSKPUN
4HUHNLTLU[ WSH[MVYTZ Z\JO HZ 25? VY
)(*UL[ ]PH H NH[L^H �̀ ;OL WYV]LU Z\J�
JLZZ HUK ÅL_PIPSP[` VM [OPZ PZ HSSLNLK [V IL H
THQVY YLHZVU MVY [OL Z\JJLZZ VM +(30� 7YV�
WYPL[HY` WYV[VJVSZ HYL HSZV IPN� I\[ HYL UV[
L_WLJ[LK [V IL HZ KVTPUHU[ HZ [OL` OH]L
ILLU� ;OPZ PZ [V H SHYNL L_[LU[ K\L [V HU L_�
WLJ[LK PUJYLHZL PU ^PYLSLZZ WYV[VJVSZ� I\[
HSZV H WYLMLYLUJL MVY VWLU WYV[VJVSZ PU [OL
THYRL[�

7V^LY V]LY ,[OLYUL[ �7V,� PZ HSZV H WVZ�
ZPISL ^H` VM KVPUN ^PYLK SPNO[PUN� 0[ KVLZ
JV]LY [OL ULLK MVY IHUK^PK[O HUK HSSV^Z
MVY NYLH[ VWWVY[\UP[PLZ MVY NYHU\SHY JVU[YVS�
/V^L]LY� P[ KVLZ OH]L JVTWSPJH[PVUZ ^P[O
KYP]LY JVTWH[PIPSP[` HUK [OL ULLK [V PU]VS]L
0; KLWHY[TLU[Z� -\Y[OLYTVYL� P[ PZ HSZV
OVSKPUN JSVZLK Z[HUKHYKZ THRPUN P[ KPMÄJ\S[
[V I\PSK HU LJV�Z`Z[LT HYV\UK [OL [LJO�
UVSVN �̀ +PYLJ[ PU[LNYH[LK SPNO[PUN JVU[YVS
MYVT I\PSKPUN H\[VTH[PVU WYV[VJVSZ Z\JO HZ
)(*UL[ HUK 25? PZ Z[PSS X\P[L YHYL� -\[\YL�
WYVVÄUN JVUJLYUZ VU [OL I\`LY»Z ZPKL OHZ
TVZ[ VM[LU ILLU JVUJLYULK ^P[O THRPUN
Z\YL SPNO[PUN Z`Z[LTZ HYL JVTWH[PISL ^P[O
[OLZL WYV[VJVSZ�

>PYLSLZZ SPNO[PUN Z`Z[LTZ ^P[O WVPU[�[V�
WVPU[ VY Z[HY [VWVSVN` OHZ ILLU WVW\SHY
K\L [V [OL JVZ[ LMÄJPLUJPLZ VM JLU[YHSPaPUN
[OL WYVJLZZPUN PU [OL JLU[YHS UVKL� ;OPZ
OHZ WHY[PJ\SHYS` ILLU [OL JHZL PU ZTHSSLY
YLZPKLU[PHS HWWSPJH[PVUZ ^OLYL >P�-P HUK
LHYS` )S\L[VV[O OHZ OHK H TLHUPUNM\S WYLZ�
LUJL HZ +0@ ZVS\[PVUZ� /V^L]LY� TLZO
ZVS\[PVUZ HYL UV^ ZL[ [V [HRL KVTPUHUJL�
;OLZL Z`Z[LTZ OH]L ZPNUPÄJHU[ HK]HU�
[HNLZ JVTWHYLK [V JLU[YHSPaLK [VWVSVNPLZ�
+H[H JHU IL L_JOHUNLK ^P[O HU` UVKL�
SLH]PUN [OL Z`Z[LT TVYL ZJHSHISL HUK YV�
I\Z[� 0U TLZO UL[^VYRZ� LHJO UVKL JHU
IV[O YLJLP]L HUK [YHUZTP[ ZPNUHSZ [V LHJO
V[OLY ]PH T\S[PWSL JVUULJ[PVU WH[OZ� ^OPJO
TLHUZ LHJO UVKL PZ HSZV HJ[PUN HZ ZPNUHS
YLWLH[LY HUK IVVZ[LY� HUK UL[^VYR YHUNL
JHU IL NYLH[S` PTWYV]LK� >OPSL [OL HKKLK
PU[LSSPNLUJL PU [OL ]HYPV\Z UVKLZ PZ KPZHK�
]HU[HNLV\Z PU [LYTZ VM JVZ[� [OL ZJHSHIPSP[`
HUK KH[H JHWHJP[` HYL ILSPL]LK [V THRL \W
MVY [OPZ�

,U6JLHU OHZ LUQV`LK ZVTL LHYS` Z\JJLZZ�
WHY[PJ\SHYS` PU ,\YVWL� 0[ PZ ^PKLS` PUZ[HSSLK
HUK ^VYRZ ^LSS ^P[O /=(* HUK KVLZ UV[
YPZR PU[LYMLYLUJL ^P[O ���./a Z`Z[LTZ� ;OPZ
WYV[VJVS PZ L_WLJ[LK [V ZLL SV^LY NYV^[O
[OHU APNILL HUK )S\L[VV[O� THPUS` K\L [V
JVZ[� P[ ILPUN Z\WWSPLK [OYV\NO VUL ]LUKVY
VUS` HUK [OL SHJR VM TVIPSL KL]PJL WYLZ�
LUJL [OH[ )S\L[VV[O OHZ� ;OL APNILL Z[HU�
KHYK OHZ OHK H TLZO UL[^VYR MVY ZVTL
[PTL HUK PZ ^PKLS` \ZLK ^P[OPU ZTHY[ SPNO[�
PUN HWWSPJH[PVUZ� WHY[PJ\SHYS` PU [OL YLZP�
KLU[PHS ZLNTLU[� ;OL IPN HK]HU[HNL ^P[O
APNILL OHZ ILLU P[Z ZJHSL HUK SV^ WV^LY
JVUZ\TW[PVU� THRPUN P[ PKLHS MVY YLSH[P]LS`
SV^ JVTWSL_P[` Z`Z[LTZ HUK NYLH[ MVY \ZL
^P[O ^PYLSLZZ ZLUZVYZ� Z^P[JOLZ HUK KPT�
TLYZ� APNILL YLX\PYLZ NH[L^H`Z HUK [O\Z
PUJYLHZL JVTWSL_P[ �̀ APNILL OHZ ILLU \ZLK
^PKLS` I` SPNO[PUN THU\MHJ[\YLYZ Z\JO HZ
:PNUPM` HUK 6ZYHT HZ ILPUN PUJS\KLK PU
KL]PJLZ I` V[OLY OLH]`^LPNO[Z Z\JO HZ
(THaVU HUK 02,(� ;OL SH[[LY QVPULK [OL
APNILL IVHYK VM KPYLJ[VYZ PU SH[L ��� HUK
HWWLHYZ ZL[ [V \[PSPaL APNILL [LJOUVSVN`
NVPUN MVY^HYK PU [OLPY ZTHY[ OVTL WYVK�
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\J[Z� (THaVU OHZ HSZV Z[HY[LK [V PU[LNYH[L
APNILL PU[V ZVTL VM [OLPY L_[YLTLS` WVW\SHY
,JOV KL]PJLZ�

6YPNPUHSS` KLZPNULK MVY ZOVY[�YHUNL
JVTT\UPJH[PVU ^P[O KPNP[HS LX\PWTLU[
Z\JO HZ OLHKWOVULZ� )S\L[VV[O OHZ [OL
HK]HU[HNL VM ILPUN WYLZLU[ PU ZTHY[�
WOVULZ HUK [HISL[Z HSS V]LY [OL ^VYSK�
;OL JVTTPZZPVUPUN HUK YLJVTTPZZPVU
WYVJLZZ PZ L_WLJ[LK [V IL T\JO ZPTWSLY
HUK SLZZ JVZ[S �̀ ;OPZ ZJHSL PZ WYV]PUN [V
IL H THQVY HK]HU[HNL PU THU` ^H`Z�
PUJS\KPUN Z[LHKPS` KLJYLHZPUN JVZ[Z HUK
IYHUK H^HYLULZZ� ;OL [LJOUVSVN` ^HZ
\ZLK ^PKLS` PU [OL LHYSPLZ[ +0@ HWWSPJH�
[PVUZ VM ZTHY[ SPNO[PUN ^P[O WVPU[�[V�WVPU[
JVU[YVS VM SPNO[ I\SIZ� :\JJLZZ ^HZ SPT�
P[LK HZ [OL ZTHY[ WOVUL HWW [\YULK V\[
[V IL [V KPMÄJ\S[ [V \ZL JVTWHYLK [V
Z^P[JOLZ� 0[ OHZ HSZV ILLU \ZLK PU JVU�
Q\UJ[PVU ^P[O V[OLY WYV[VJVSZ Z\JO HZ
+(30 VY ����= ]PH H NH[L^H �̀ /V^L]LY�
UV^ P[ PZ JVTPUN PU H ]LY` IPN ^H` ^P[O
)S\L[VV[O TLZO� ;OPZ ZVS]LZ [OL SPTP[H�
[PVU VM ZJHSHIPSP[` JVTWHYLK [V [OL WYL]P�
V\Z Z[HUKHYK� 0[ PZ JVTWH[PISL ^P[O TVZ[
KL]PJLZ HUK UL[� ^VYRZ HUK JHU [YHUZ�
TP[ KH[H H[ HYV\UK � 4IP[ WLY ZLJVUK�
;OL M\[\YLWYVVÄUN PU [LYTZ VM ZJHSHIPS�
P[ �̀ \IPX\P[` HUK IHUK^PK[O MVY \WKH[LZ
HYL HSSLNLK [V IL THQVY ZLSSPUN WVPU[Z MVY
J\Z[VTLYZ�

&RQFOXVLRQV
>OPSL [OL THYRL[ MVY ZTHY[ SPNO[PUN PZ
NYV^PUN H[ NVVK YH[LZ� JVTWL[P[PVU
PZ ÄLYJL HUK ]LUKVYZ ^PSS IL LHNLY [V
NL[ H SLN \W VU [OL JVTWL[P[PVU� ;OL
SVUN LX\PWTLU[ SPML[PTLZ� THU` UL^
[LJOUVSVNPLZ HUK HWWSPJH[PVU HYLHZ
OHZ TLHU[ [OH[ I\`LYZ HYL ]HS\PUN M\�
[\YLWYVVÄUN HZ H ZHSLZ HYN\TLU[� ;OL
JOVPJL VM SPNO[PUN JVU[YVS WYV[VJVS PZ HU
PTWVY[HU[ WHY[ VM M\[\YLWYVVÄUN H SPNO[�
PUN Z`Z[LT� 9LZLHYJO MVYLJHZ[Z [OH[
VWLU WYV[VJVSZ Z\JO HZ +(30� APNILL
HUK )S\L[VV[O ^PSS IL [OL NYV^[O ^PU�
ULYZ V]LY [OL UL_[ ML^ `LHYZ PU ZTHY[
SPNO[PUN HUK JVUULJ[LK JVU[YVSZ� ;OL
THPU YLHZVU MVY [OL ^PUULYZ ILPUN [OLPY
ÅL_PIPSP[ �̀ TVZ[ UV[HIS` ZJHSHIPSP[ �̀ 6WLU
WYV[VJVSZ OH]L [OL HK]HU[HNL VM HSSV^�
PUN LJV�Z`Z[LTZ [V IL I\PS[ HYV\UK [OL
[LJOUVSVN` HUK [O\Z PU]P[PUN M\Y[OLY PU�
UV]H[PVU HUK ZHMLN\HYKPUN I\`LYZ [V H
SHYNLY L_[LU[ HNHPUZ[ SVJR�PU [YHWZ� "

$%287 7+( $87+25

3nO .$5/6(1! 4Y� 2HYSZLU PZ YLZLHYJO
HUHS`Z[ PU )\PSKPUN ;LJOUVSVN` H[ 64�
+0(� IHZLK PU 3VUKVU� <2� /L QVPULK
64+0( PU ��� HUK SLHKZ [OL )\PSKPUN
;LJOUVSVN` [LHT»Z SPNO[PUN YLZLHYJO�
)LMVYL [OPZ OL ^VYRLK HZ :LUPVY (UH�
S`Z[ MVY H ZWLJPHSPZ[ JVUZ\S[HUJ` ZLY]PUN
[OL I\PSKPUN WYVK\J[Z PUK\Z[Y �̀ /L SLK
[OL YLZLHYJO VU [OL 5VYKPJ JV\U[YPLZ
HUK MVJ\ZLK TVZ[S` VU [OL /=(* HUK
IH[OYVVT PUK\Z[Y �̀ 4Y� 2HYSZLU OVSKZ
H )HJOLSVY VM :JPLUJL PU I\ZPULZZ HUK
LJVUVTPJZ MYVT )0 5VY^LNPHU )\ZPULZZ
:JOVVS� 5VY^H �̀ HUK 4HZ[LY VM (Y[Z PU
NSVIHSPaH[PVU HUK T\S[PUH[PVUHS JVYWVYH�
[PVUZ MYVT :6(: <UP]LYZP[` VM 3VUKVU�
<UP[LK 2PUNKVT�
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#OVER 0AGE

(Y[^VYR! ;OVTHZ 2SVIHZZH
4HPU 0THNL! (TV .YHIOLY�4L`LY
( *6) 3,+ ZHTWSL MYVT )9; 3,+ ^P[OV\[
WOVZWOVY JVH[PUN ZOV^PUN [OL IHZPJ Z[Y\J[\YLZ

!NNUAL 3UBSCRIPTIONS
/S5 'LJLWDO 0DJD]LQH
� � PZZ\LZ
� WKM KV^USVHK
� OPNO YLZVS\[PVU WPJ[\YLZ HUK NYHWOZ WYPU[�

HISL
� JVTTLYJPHS \ZL
� HJJLZZ [V HSS WYL]PV\Z PZZ\LZ
� ,\YV �����
/S5 3ULQWHG 	 'LJLWDO 0DJD]LQH
� � PZZ\LZ
� WKM KV^USVHK
� OPNO YLZVS\[PVU WPJ[\YLZ HUK NYHWOZ WYPU[�

HISL
� JVTTLYJPHS \ZL
� HJJLZZ [V HSS KPNP[HS WYL]PV\Z PZZ\LZ
� ZOPWWPUN JVZ[Z PUJS\KLK
� ,\YV  ����

3UBSCRIBE

?iiTb,ffrrrXH2/@T`Q72bbBQM�HX+QKfbm#
b+`BTiBQM

!DVERTISE

?iiTb,ffrrrXH2/@T`Q72bbBQM�HX+QKf�/p
2`iBb2

0REVIEW *ULY�!UGUST ����
,P2 ��
%NVIRONMENTALLY&RIENDLY
$ESIGNS

)NTERVIEW WITH 3COTT :IMMER
MAN� #%/ OF 3ILAS AND %VANGE
LIST FOR &ULL 3PECTRUM ,IGHTING
!PPLICATIONS
0[ PZ RUV^U [OH[ 96: PU [OL HPY OHZ H WVZP[P]L
LMMLJ[ VU YLK\JPUN WH[OVNLUZ� 96: WYVK\J�
[PVU PU [OL IVK` I\[ HSZV PU [OL LU]PYVUTLU[
Z[YVUNS` YLSH[LZ [V ZVTL MYHJ[PVUZ VM [OL SPNO[�
PUN ZWLJ[Y\T� 3,+ WYVMLZZPVUHS KPZJ\ZZLZ
[OPZ [VWPJ� PM HUK OV^ PTWYV]LK SPNO[PUN WYVK�
\J[Z JV\SK OLSW YLK\JL PUMLJ[PVUZ HUK T\JO
TVYL� !

"EST 0APERS� 7HEN #IRCULAR
%CONOMY -EETS THE ,IGHTING
)NDUSTRY �,#!	
:\Z[HPUHIPSP[ �̀ SPML�J`JSL� YL�\ZHIPSP[` HUK JPY�
J\SHY LJVUVT` HYL VUL VM [OL TVZ[ PTWVY[HU[
[VWPJZ VM [OL ,*� ;OPZ WHWLY PZ IHZLK VU [OL
,\YVWLHU 9LWYV�3PNO[ YLZLHYJO WYVQLJ[� !

)NTRODUCTION OF A � #HANNEL /N
"", 4UNABLE 7HITE 4ECHNOLOGY
;OPZ HY[PJSL WYVWVZLZ HUK KLZJYPILZ H UV]LS
��JOHUULS VU�))3 [\UHISL ^OP[L [LJOUVSVN`
[OH[ HSSV^Z [\UHISL ^OP[L HWWSPJH[PVUZ MVY H
^PKL [\UPUN YHUNL H[ OPNO X\HSP[ �̀ !

!TOMIC ,AYER $EPOSITION n 4HE
,EADING 4HIN &ILM #OATING 4ECH
NOLOGY FOR 33,
;OL HY[PJSL L_WSHPUZ OV^ P[ ^VYRZ� OV^ P[ PZ
HWWSPLK� P[Z M\UJ[PVUZ� ^OLYL P[ PZ \ZLK� HUK
P[ KPZJ\ZZLZ [OL HK]HU[HNLZ JVTWHYLK [V
V[OLY JVH[PUN TL[OVKZ� (KKP[PVUHSS �̀ UV]LS
HWWYVHJOLZ� Z\JO HZ �+ UHUV�Z[Y\J[\YPUN
VWWVY[\UP[PLZ ^PSS IL WYLZLU[LK� !

!N /PEN3OURCE ,)$!2 0ROTO
TYPING 0LATFORM
;OPZ HY[PJSL KPZJ\ZZLZ H UL^ 30+(9 WYV[V�
[`WPUN WSH[MVYT HUK OV^ P[ OLSWZ ZOVY[LU [OL
J\Z[VTLYZ» WYVK\J[ KL]LSVWTLU[ [PTL I`
WYV]PKPUN H JVTWSL[L OHYK^HYL HUK ZVM[^HYL
ZVS\[PVU [OH[ J\Z[VTLYZ JHU \ZL [V WYV[V�
[`WL [OLPY HSNVYP[OTZ HUK J\Z[VT OHYK^HYL
ZVS\[PVUZ� !

3PECIFYING ,%$ #OLORS FOR (ORTI
CULTURAL ,IGHTING
;OL H\[OVY VM [OPZ HY[PJSL WYVWVZLZ HU 3,+
¹JVSVY¹ ZWLJPÄJH[PVU [OH[ YLWYLZLU[Z H NP]LU
:7+ \ZPUN H ZTHSS U\TILY VM YHKPHS IHZPZ
M\UJ[PVUZ [OH[ WYV]PKLZ H TL[YPJ MVY JVTWHY�
PUN IPVSVNPJHSS` ZPTPSHY :7+Z HUK PU[YVK\JLZ
H [YHPUHISL M\aa` SVNPJ :7+ JSHZZPÄLY [V JVT�
WHYL IPVSVNPJHSS` ZPTPSHY :7+Z MVY ZWLJPÄJ
OVY[PJ\S[\YHS HWWSPJH[PVUZ� !

)MPRINT
/(' SURIHVVLRQDO 5HYLHZ �/S5�� ,661 ��������;

0UBLISHING #OMPANY
/XJHU 5HVHDUFK H�8� _ � ���������
0UZ[P[\[L MVY 0UUV]H[PVU  ;LJOUVSVN`
4VVZTHOKZ[YHZZL ��� (����� +VYUIPYU�
(\Z[YPH� ,\YVWL
PUMV'S\NLYYLZLHYJO�JVT c ^^ �̂S\NLYYLZLHYJO�JVT
7 ��� ���� � �� � 
- ��� ���� �� �� ��

3XEOLVKHU
:PLNMYPLK 3\NLY ��� �  ���� ����

Z�S\NLY'S\NLYYLZLHYJO�JVT

(GLWRUV
(YUV .YHIOLY�4L`LY ��� �  ���� ����

H�N�T'SLK�WYVMLZZPVUHS�JVT

+Y� .�U[OLY :LQRVYH ��� �  ���� ����
N�ZLQRVYH'S\NLYYLZLHYJO�JVT

:HYHO ;V^HYK ��� �  ���� ����
ZHYHO�[V^HYK'S\NLYYLZLHYJO�JVT

;OLYLZH 2�UPN ��� ���� � ��� 
[OLYLZH�RVLUPN'S\NLYYLZLHYJO�JVT

,QWHUQDWLRQDO $FFRXQW 0DQDJHU
*OYPZ[PUL 3\NLY ��� �  ���� ����

J�S\NLY'S\NLYYLZLHYJO�JVT

,QWHUQDWLRQDO 6ROXWLRQ 0DQDJHU
:HYHO ;V^HYK ��� �  ���� ����

ZHYHO�[V^HYK'S\NLYYLZLHYJO�JVT

&KLQD� +RQJ�.RQJ
3VSV @V\UN ����  � � ����

SVSV'JHZ[PU[S�JVT

*HUPDQ\
(YTPU >LaLS �� ����� � �  �

HYTPU'L\YVRVT�TLKPH�KL

,QGLD
7YP`HURH 9HP � � ��� �������

WYP`HURH�YHP'IPUHY`ZLTHU[PJZ�JVT

6RXWK .RUHD
1\UN�>VU :\O ��� � �� �����

ZPUZLNP'ZPUZLNPTLKPH�PUMV

7DLZDQ
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