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*OHYHJ[LYPaH[PVU VM <= 9HKPH[PVU
:V\YJLZ
:PUJL [OL ILNPUUPUN VM [OPZ \UMVY[\UH[L ZP[\H[PVU JH\ZLK I` [OL
*6=0+�� ]PY\Z� THU` JVTWHUPLZ� YLZLHYJO JLU[LYZ HUK SPNO[PUN
KLZPNULYZ OH]L HKVW[LK <= YHKPH[PVU HZ H UL^ [VVS PU [OLPY WYVQLJ[Z
HUK YLZLHYJO� -VY H YLHZVUHISL WYLKPJ[PVU VU [OL HTV\U[ VM
WV[LU[PHSS` NLYTPJPKHS LULYN �̀ ^L OH]L [V N\HYHU[LL WYVWLY
TLHZ\YLTLU[Z HUK LZWLJPHSS �̀ ZWH[PHS KPZ[YPI\[PVU� 4HYJ )HSSIu�
;LJOUPJHS +PYLJ[VY H[ (ZZLS\T 3\TPUV[LJUPJZ� :�3� ^PSS L_WSHPU [OL
JVTWSL_P[` VM [OPZ [HZR HUK ZOV^ OV^ [V \ZL P[ JVYYLJ[S` MVY
TLHUPUNM\S HUK YLWYVK\JPISL YLZ\S[Z�
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$
SSOLFDWLRQV LQ WKH GLVLQIHFWLRQ RI
SDWKRJHQV ZLWK 89& UDGLDWLRQ
VRXUFHV KDYH SURYHQ HIIHFWLYH

LQ PXOWLSOH DFWLYLWLHV� )UHTXHQWO\� WKH
FKRVHQ UDGLDWLRQ VRXUFHV KDYH EHHQ
ORZ SUHVVXUH PHUFXU\ ODPSV WKDQNV WR
WKHLU VSHFWUDO HPLVVLRQ DW ����� QP� YHU\
FORVH WR WKH PD[LPXP VHQVLWLYLW\ SHDN
RI '1$ DQG 51$ >�@� 89 /(' WHFKQRORJ\
KDV QRW \HW HQWHUHG ZLWK IRUFH GXH WR LWV
ORZ HIðFLHQF\� EXW LW LV H[SHFWHG WKDW LQ
WKH QH[W IHZ \HDUV LWV SHUIRUPDQFH ZLOO
LQFUHDVH FRQVLGHUDEO\ DQG PD\ EHFRPH
WKH FKRLFH ZKHQ GHVLJQLQJ 89 UDGLDWLRQ
GLVLQIHFWLRQ HTXLSPHQW� 7KH DUWLFOH ZLOO
QRW MXVW H[SODLQ ZKDW HOVH WR FRQVLGHU�
EXW DOVR JLYH KLQWV RQ WKH UHTXLUHPHQWV
RI HTXLSPHQW DQG KRZ WR WUDQVIRUP WKH
NQRZOHGJH IURP YLVLEOH OLJKW PHDVXUH�
PHQW WR WKH 89 GRPDLQ�

-PN\YL �! <YHJPS HIZVYW[PVU ZWLJ[Y\T JVTWHYLK
[V [OH[ VM [O`TPUL HUK [OL ^H]LSLUN[O WLHR VM
SV^ WYLZZ\YL TLYJ\Y` B�D

89 5DGLDWLRQ 6RXUFH
7HVWV
:PUJL ILMVYL [OL NSVIHS WHUKLTPJ� [OL
JOHYHJ[LYPaH[PVU VM <= YHKPH[PVU LX\PW�
TLU[ MVY KPZPUMLJ[PVU ^HZ ]LY` ZPTWSL� 4VZ[
VM [OL [PTL� VUL�VMM TLHZ\YLTLU[Z ^LYL
THKL PU [OL LX\PWTLU[ MHJPSP[` P[ZLSM H[ P[Z
\Z\HS SVJH[PVU� YH[OLY [OHU PU H SHIVYH[VY �̀

;OL KH[H [OH[ ^L JHU ÄUK PU H JVTTLYJPHS
KH[H ZOLL[ VM H <= SHTW VY <= JVTWSL[L
LX\PWTLU[ PZ [OL YHKPHU[ Å\_ �>� �[OL YHKP�
HU[ Å\_ PZ [OL HTV\U[ VM LSLJ[YVTHNUL[PJ
LULYN` WLY \UP[ VM [PTL� UV[ [V IL JVU�
M\ZLK ^P[O [OL WV^LY JVUZ\TLK�� 0U ZVTL
JHZLZ� ZVTL PYYHKPHUJL ]HS\LZ HYL HSZV PU�
JS\KLK �;OL` HYL L_WYLZZLK PU W/m2 VY
mJ/cm2s� PUKPJH[LK H[ H ZWLJPÄJ KPZ[HUJL�

;OL ]HS\L VM [OL YHKPHU[ Å\_ �>� VM H <=
SHTW JHU IL PU[LYLZ[PUN [V PUKPJH[L [OL
HTV\U[ VM WV[LU[PHSS` NLYTPJPKHS LULYN`
[OH[ ^L ^PSS OH]L MVY V\Y WYVQLJ[� )\[ P[ KVLZ
UV[ OLSW \Z [V JHSJ\SH[L LSPTPUH[PVU [PTLZ
MVY H NP]LU WH[OVNLU PM ^L OH]L [OL KVZL
]HS\LZ PU mJ/cm2� 0[ PZ HZ PM ^L ^LYL [Y`�
PUN [V JHSJ\SH[L [OL SPNO[PUN WYVQLJ[ VM HU
VMÄJL [V VI[HPU ��� S\_ HUK <� VM ��� ^P[O
VUS` [OL ]HS\L VM ���� ST VM H Z[HUKHYK
3,+ ZJYLLU� ;OL 0YYHKPHUJL ]HS\LZ �W/m2�
HYL \ZLM\S HZ SVUN HZ [OL` PUKPJH[L [OL KPZ�
[HUJL [OH[ [OPZ <= SHTW � Z`Z[LT LTP[Z ZHPK
PYYHKPHUJL� /V^L]LY� ^L JHU VUS` RUV^
^P[O WYLJPZPVU V\Y NLYTPJPKHS WV[LU[PHS HUK
JHSJ\SH[L [OL SL]LSZ VM LSPTPUH[PVU H[ [OL

KPZ[HUJL WYLZLU[LK PU [OL [LJOUPJHS ZOLL[�
;OLZL JHSJ\SH[PVUZ HYL VUS` HJJ\YH[L PU [OL
ZHTL KPYLJ[PVU [OH[ [OL THU\MHJ[\YLY OHZ
WLYMVYTLK [OL TLHZ\YLTLU[� ^L JHUUV[
L_WLJ[ PYYHKPHUJL SL]LSZ [V IL THPU[HPULK
V]LY [OL LU[PYL Z\YMHJL [OH[ [OL SHTW PZ YHKP�
H[PUN�

0U [OL JHZL VM SHTWZ� [OL WVPU[ VM TH_P�
T\T PU[LUZP[` PZ \Z\HSS` VI[HPULK VU [OL
WLYWLUKPJ\SHY H_PZ VM [OL SHTW� ZV [OH[ [OL
PU[LUZP[` ]HS\LZ ^PSS KLJYLHZL HZ ^L TV]L
H^H` MYVT [OL WLYWLUKPJ\SHYP[` VM [OL SHTW�
;OPZ PZ ^O` H ZWH[PHS JOHYHJ[LYPaH[PVU MVY
<= YHKPH[PVU ZV\YJLZ PZ ULJLZZHY` PU VY�
KLY [V WLYMVYT TVYL YLSPHISL JHSJ\SH[PVUZ
PU WYVQLJ[Z MVY KPZPUMLJ[PVU MHJPSP[PLZ ^P[O <=
ZV\YJLZ�

6SDWLDO &KDUDFWHUL]DWLRQ
RI 89 (TXLSPHQW

;OL Z`Z[LTZ MVY TLHZ\YPUN HUK JOHYHJ�
[LYPaPUN <= YHKPH[PVU SHTWZ HUK LX\PWTLU[
HYL ]LY` ZPTPSHY [V [OVZL \ZLK PU WOV[VT�
L[Y` TLHZ\YLTLU[ ����¶��� UT�� ;OL IPN
KPMMLYLUJL PZ [OH[ [OL` OH]L [V IL WYLWHYLK
[V OH]L H ZWLJPHS ZLUZP[P]P[` [V ZOVY[ ^H]L�
SLUN[OZ IL[^LLU ��� UT HUK ��� UT� 9H�
KPVTL[LYZ HYL WOV[VTL[LYZ ^P[O ZLUZVYZ
ZLUZP[P]L [V ZWLJPÄJ ^H]LSLUN[OZ� /V^�
L]LY� P[ PZ UV[ WVZZPISL [V VI[HPU HU L_[LU�
ZP]L ZLUZP[P]P[` [OH[ JHU JV]LY [OL LU[PYL <=
YHUNL�
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5DGLRPHWHUV
<= YHKPVTL[LYZ TLHZ\YL PUJPKLU[ YHKPH�
[PVU VY PYYHKPHUJL UVYTHSS` PU W/m2� ;OL
WOV[VYLJLW[VY PZ \Z\HSS` H ZPSPJVU �:P� WOV�
[VKPVKL [OH[ PTWYV]LZ P[Z YLZWVUZP]LULZZ [V
<= YH`Z ^P[O H ZWLJ[YHS ZLUZP[P]P[` IL[^LLU
� � UT HUK ���� UT� ;OL KYH^IHJR PZ
[OH[ P[ PZ UV[ WVZZPISL [V VI[HPU HU L_[LU�
ZP]L ZLUZP[P]P[` [OH[ JHU JV]LY [OL LU[PYL <=
YHUNL� 4VZ[ YHKPVTL[LYZ HYL VUS` ZLUZP[P]L
[V H UHYYV^ YHUNL VM ^H]LSLUN[OZ� 5VY�
THSS �̀ H KPMMLYLU[ JHSPIYH[PVU PZ ULJLZZHY`
MVY LHJO ZWLJ[YHS KPZ[YPI\[PVU [OH[ ULLKZ
[V IL TLHZ\YLK ^P[O [OL YHKPVTL[LY� ;OPZ
YLZ\S[Z PU H MHPYS` OPNO TLHZ\YLTLU[ \UJLY�
[HPU[` PM HWWYVWYPH[L JVYYLJ[PVU MHJ[VYZ HYL
UV[ HWWSPLK �)LJXUH ���

-PN\YL �! :LUZP[P]P[` J\Y]L VM H <=* YHKPVTL[LY�
;OL WVPU[ VM TH_PT\T ZLUZP[P]P[` JVYYLZWVUKZ [V
[OL ^H]LSLUN[O VM ��� UT� 0UZ[LHK� P[Z ZLUZP[P]P[`
[V V[OLY ^H]LSLUN[OZ KYVWZ KYHTH[PJHSS` B�D

6SHFWURUDGLRPHWHU

(UV[OLY [`WL VM ZLUZVY [V TLHZ\YL PYYHKP�
HUJL ]HS\LZ HYL ZWLJ[YVYHKPVTL[LYZ� ;OL
THPU KPMMLYLUJL IL[^LLU H ZWLJ[YVYHKPVTL�
[LY HUK H YHKPVTL[LY PZ [OL ZLUZVY [OH[ WLY�
MVYTZ [OL TLHZ\YLTLU[� 0U H YHKPVTL[LY� P[
PZ \Z\HSS` H WOV[VKPVKL ^P[O H JLY[HPU ZWLJ�
[YHS ZLUZP[P]P[ �̀ ^OPSL PU H ZWLJ[YVYHKPVTL[LY
[OL ZLUZVY PZ H TVUVJOYVTH[VY� ;OL THPU
HK]HU[HNL VM [OL ZWLJ[YVYHKPVTL[LY PZ [OL
HIPSP[` [V HJJ\YH[LS` TLHZ\YL [OL PYYHKPHUJL
�W/m2� VM HU` YHKPH[PVU ZV\YJL YLNHYKSLZZ
VM P[Z ZWLJ[YHS WV^LY KPZ[YPI\[PVU �)LJXUH ���

-PN\YL �! 0YYHKPHUJL TLHZ\YLTLU[ \ZPUN H <=
ZWLJ[YVYHKPVTL[LY� 0[ HSSV^Z H JVTWSL[L HUHS`ZPZ
MVY LHJO ^H]LSLUN[O VM [OL ZV\YJL \UKLY [LZ[

*RQLR�
6SHFWURUDGLRPHWHU

;OL LX\PWTLU[ WYL]PV\ZS` TLU[PVULK
VUS` HSSV^Z [OL TLHZ\YLTLU[ VM WVPU[
]HS\LZ H[ H ZWLJPÄJ KPZ[HUJL MYVT [OL
YHKPH[PVU ZV\YJL� ;V JOHYHJ[LYPaL H <=

SHTW VY LX\PWTLU[ ZWH[PHSS �̀ H NVUPV�
ZWLJ[YVYHKPVTL[LY JHU IL \ZLK� ;OPZ
LX\PWTLU[ OHZ [OL HK]HU[HNL VM [OL H\�
[VTH[PJ NVUPV�WOV[VTL[LY Z`Z[LT HUK
[OL TLHZ\YLTLU[ JHWHJP[` VM H ZWLJ[YVYH�
KPVTL[LY�

-PN\YL �! :JHU VM H WVPU[ ZV\YJL KLÄULK PU *0,
�� B�D

>P[O [OPZ Z`Z[LT� `V\ JHU ZJHU [OL LU�
[PYL ZV\YJL HUK JOHYHJ[LYPaL [OL ZWH[PHS
ZOHWL VM [OL YHKPH[PVU� 0[ PZ HSZV WVZZPISL
[V HJOPL]L [OL ZWLJ[YHS KPZ[YPI\[PVU PU [OL
YHUNL VM [OL ULJLZZHY` ^H]LSLUN[OZ� >P[O
[OPZ PUMVYTH[PVU� ^L JHU RUV^ IV[O [OL YH�
KPHU[ Å\_ �>� HUK [OL ^H` [V KPZ[YPI\[L [OL
YHKPH[PVU PU ZWHJL� 0U [OPZ ^H �̀ JHSJ\SH[PVUZ
HUK WYVQLJ[Z VM [OL PYYHKPHUJL SL]LSZ [OH[
^V\SK IL VI[HPULK I` PUZ[HSSPUN <= YHKPH�
[PVU KPZPUMLJ[PVU SHTWZ VY LX\PWTLU[ JHU
IL JHYYPLK V\[ TVYL HJJ\YH[LS` HUK T\JO
MHZ[LY �)LJXUH �� )LJXUH ���

:K\ &DQâW :H 8VH D
&RQYHQWLRQDO
*RQLRSKRWRPHWHU"

/\THUZ HYL UV[ JHWHISL VM WLYJLP]PUN \S�
[YH]PVSL[ YHKPH[PVU� 6\Y L`LZ� SPRL [OL YH�
KPVTL[LYZ L_WSHPULK HIV]L� OH]L H KLÄULK
ZWLJ[YHS ZLUZP[P]P[ �̀ 0U [OL JHZL VM O\THUZ�
V\Y ZLUZVYZ OH]L ZLUZP[P]P[` PU [OL HYLH [OH[
^L RUV^ HZ [OL ]PZPISL YHUNL VM [OL LSLJ�
[YVTHNUL[PJ ZWLJ[Y\T� ;OPZ JHU IL IL[[LY
\UKLYZ[VVK I` HUHS`aPUN [OL ZLUZP[P]P[`
J\Y]L VM [OL O\THU L`L KLÄULK I` [OL *0,�
;OL J\Y]L V (λ) KLÄULZ [OL ZLUZP[P]P[` VM
O\THUZ [V LSLJ[YVTHNUL[PJ YHKPH[PVU PU [OL
YHUNL VM ���¶��� UT �)LJXUH ���

;OL PUZ[Y\TLU[Z [OH[ HSSV^ \Z [V X\HU[PM`
[OL SPNO[PUN SL]LSZ �^L \UKLYZ[HUK SPNO[PUN
HZ [OL LULYN` [OH[ ^L WLYJLP]L HUK JHU
KL[LJ[ ^P[O V\Y L`LZ� HSZV OH]L [V OH]L [OL
ZHTL ���¶��� UT TLHZ\YLTLU[ YHUNL
HUK OH]L H ZLUZP[P]P[` ZPTPSHY [V [OL V S\�
TPUV\Z M\UJ[PVU (λ)� 7YLJPZLS �̀ [OL TVZ[
PTWVY[HU[ X\HSP[` WHYHTL[LY VM H S\_ TL�
[LY PZ [OL KPMMLYLUJL IL[^LLU [OL ZWLJ[YHS
YLZWVUZL VM [OL ZLUZVY JVTWHYLK [V [OL
ZLUZP[P]P[` J\Y]L VM [OL O\THU L`L� ;OPZ WH�

-PN\YL �! ;OL [VW ÄN\YL ZOV^Z [OL YHKPVTL[YPJ
ZVSPK VM H <=* 3,+ THKL \ZPUN H
NVUPV�ZWLJ[YVYHKPVTL[LY� 6U [OL IV[[VT� [OL
WVSHY YLWYLZLU[H[PVU VM YHKPHU[ PU[LUZP[PLZ �W/sr�
VM [OL ZHTL <=* 3,+ �:V\YJL! (ZZLS\T
3HIVYH[VY`�

-PN\YL �! ;OL O\THU L`L ZLUZP[P]P[` �V (λ)� J\Y]L
PZ VUL YLHZVU ^O` H JVU]LU[PVUHS
NVUPVWOV[VTL[LY PZ UV[ Z\P[HISL

YHTL[LY PZ RUV^U HZ [OL ZWLJ[YHS YLZWVUZL
f1′ >�@�

0[ PZ MVY [OPZ YLHZVU [OH[ P[ PZ UV[ Z\P[HISL
[V TLHZ\YL <= ZV\YJLZ ^P[O SPNO[ TL[LYZ�
JVSVY TL[LYZ VY ZWLJ[YVYHKPVTL[LYZ PU [OL
]PZPISL YHUNL� 0U THU` JHZLZ [OL LX\PWTLU[
^V\SK UV[ VUS` MHPS [V KL[LJ[ HU` ZPNUHS I\[
P[ JV\SK NLULYH[L HU HILYYHU[ ZPNUHS JH\ZLK
I` <=( YHKPH[PVU PU [OL PUZ[Y\TLU[»Z ZLUZVY�
(UV[OLY YLHZVU UV[ [V JOHYHJ[LYPaL <=
ZV\YJLZ ^P[O NVUPV�WOV[VTL[LYZ PZ [OL
KPMMLYLU[ YLÅLJ[PVU WYVWLY[` VM TH[LYPHSZ
[V <=* ZOVY[�^H]L YLÅLJ[PVU� =LY` ZOVY[
^H]LSLUN[OZ ����¶��� UT� HYL YLÅLJ[LK
T\JO SLZZ [OHU ]PZPISL YHKPH[PVU�

;OL WVSHY KPZ[YPI\[PVU VM YHKPHU[ PU[LUZP[PLZ
�W/sr� VM H S\TPUHPYL ^P[O HS\TPU\T YLÅLJ�
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[VYZ HUK H SV^ WYLZZ\YL TLYJ\Y` SHTW PZ
ZOV^U PU )LJXUH ��

;OL ]PZPISL ^H]LZ HYL YLÅLJ[LK PU [OL HS\�
TPU\T YLÅLJ[VY JH\ZPUN [OL [`WPJHS SH[LYHS
VWLUPUN PU Å\VYLZJLUJL S\TPUHPYLZ ^P[O
YLÅLJ[VYZ� >OPSL <=* ZOVY[ ^H]LSLUN[O YH�
KPH[PVU PZ UV[ YLÅLJ[LK HUK HIZVYILK I` [OL
YLÅLJ[VY TH[LYPHS� 4HU` VM [OL <=* 3,+
[LJOUVSVN` KPZPUMLJ[PVU LX\PWTLU[ HSZV
OH]L JVSVY 3,+Z I\PS[ PU MVY ZHML[` TLHZ\YLZ
[OH[ PUKPJH[L PM [OL LX\PWTLU[ PZ VU�

;OPZ JHU HSZV SLHK [V WVVY JOHYHJ[LYPaH[PVU
PM ]PZPISL YHKPH[PVU PZ UV[ HKLX\H[LS` Z\W�
WYLZZLK PU [OL V]LYHSS JOHYHJ[LYPaH[PVU VM
[OL Z`Z[LT� ;OL MVSSV^PUN ÄN\YL ZOV^Z [OL
WVSHY KPZ[YPI\[PVU PU [OL YHUNL VM ��� UT [V
��� UT� (Z JHU IL ZLLU� HU HZ`TTL[YPJ
KPZ[YPI\[PVU HWWLHYZ KLZWP[L [OL MHJ[ [OH[
[OL <=* 3,+Z HYL JLU[LYLK VU [OL YLÅLJ�
[VY� ;OPZ OHWWLUZ I` OH]PUN [OL 3,+ ]PZPISL
VU [OL ZPKL �)LJXUH ���

-PN\YL �! 6U [OL [VW� [OL WVSHY KPZ[YPI\[PVU VM
PU[LUZP[PLZ PU [OL ]PZPISL YHUNL ����¶��� UT� 6U
[OL IV[[VT� [OL WVSHY KPZ[YPI\[PVU VM YHKPHU[
PU[LUZP[PLZ PU [OL <=* YHUNL ����¶��� UT�

5V[ VUS` PZ P[ H WYVISLT VM ZWH[PHS JOHYHJ�
[LYPaH[PVU� I\[ PUJS\KPUN [OL ]PZPISL YHKPH[PVU
]HS\LZ PU [OL NLYTPJPKHS YHKPH[PVU SL]LSZ JHU
JH\ZL H JHSJ\SH[PVU LYYVY IV[O PU PYYHKPHUJL
SL]LSZ �W/m2� HUK PU WH[OVNLU LSPTPUH[PVU
[PTLZ �)LJXUH ���

-PN\YL �! 6U [OL [VW� [OL KPZ[YPI\[PVU VM YHKPHU[
PU[LUZP[PLZ �W/sr� ���¶��� UT� 6U [OL IV[[VT�
[OL ZHTL [LZ[ ÄS[LYPUN [OL YHKPH[PVU H[
���¶��� UT

,(6 70 �� DQG 2;/
)LOHV
(SS [OL TLHZ\YLTLU[Z PU [OL NVUPV� ZWLJ�
[YVYHKPVTL[LY OH]L [V IL PUZLY[LK PU H MVY�
TH[ [OH[ HSSV^Z [OL L_JOHUNL VM KH[H IL�
[^LLU WSH[MVYTZ HUK [V IL HISL [V THUHNL�
HUHS`aL HUK JHSJ\SH[L [OLZL YLZ\S[Z� -VY [OL
WOV[VTL[Y` KH[H� ^L \ZL [OL 0,: HUK ,<�
3<4+(; WOV[VTL[YPJ ÄSLZ� ;OLZL MVYTH[Z
HYL IHZPJHSS` H TH[YP_ VM [OL SPNO[ PU[LUZP[PLZ
�*HUKLSH VY *HUKLSH WLY 2PSVS\TLU� TLH�
Z\YLK I` H NVUPVWOV[VTL[LY� /V^L]LY�
[OLZL MVYTH[Z ^LYL KLZPNULK PU [OL SHZ[
JLU[\Y` HUK HYL UV[ WYLWHYLK [V PUJVYWV�
YH[L [OL PUMVYTH[PVU VM [OL ZWLJ[YHS WV^LY
KPZ[YPI\[PVU�

;OL UL^ ?43 MVYTH[Z >�@ [OH[ OH]L LTLYNLK
PU [OL <UP[LK :[H[LZ ^P[O [OL 0,: ;4���
HUK PU 0[HS` ^P[O [OL <50 ?43 HUK 6?3 MYVT
[OL JVTWHU` 6_`[LJO� HSSV^ [OL Z[VYHNL
VM WOV[VTL[YPJ HUK YHKPVTL[YPJ PUMVYTH[PVU
HUK� HIV]L HSS� [OL ZWLJ[YHS WV^LY KPZ[YP�
I\[PVU� PU HKKP[PVU [V V[OLY [LJOUPJHS PUMVY�
TH[PVU� >P[O [OLZL ÄSLZ `V\ JHU WLYMVYT
JHSJ\SH[PVUZ PU JVTTLYJPHS SPNO[PUN JHSJ\�
SH[PVU WYVNYHTZ Z\JO HZ 3P[LZ[HY �+ HUK
9LS\_ HTVUN V[OLYZ )LJXUH ���

&RQFOXVLRQV
;OPZ WHUKLTPJ OHZ JH\ZLK [OL LU[PYL JOHPU
PU [OL NLULYHS SPNO[PUN ZLJ[VY [V HKHW[ [V
[OL UL^ ULLKZ [OH[ OH]L HYPZLU� 4HU\MHJ�
[\YLYZ� JVTWVULU[ [LZ[LYZ� THU\MHJ[\YLYZ
VM TLHZ\YPUN PUZ[Y\TLU[Z HUK SHIVYH[V�
YPLZ [OH[ ^LYL \ZLK [V ^VYRPUN PU [OL ]PZPISL
YHUNL VM YHKPH[PVU OH]L OHK [V SLHYU HUK
HKHW[ [OLPY WYVJLK\YLZ HUK PUJYLHZL [OLPY
JVTTLYJPHS JH[HSVN\LZ� ;OL PUK\Z[Y` OHZ
OHK [V NL[ \ZLK [V ^VYRPUN ^P[O ZWLJ[YHS
KPZ[YPI\[PVUZ� UL^ TLHZ\YLTLU[ Z`Z[LTZ�
Z\JO HZ NVUPV�ZWLJ[YVYHKPVTL[LYZ HUK� Ä�
UHSS �̀ [OL SPTP[H[PVU VM [OL WOV[VTL[YPJ ÄSLZ
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